
DENDRITIC CELLS AS REGULATORS OF IMMUNE 

REACTIVITY: 

IMPLICATIONS FOR SKIN TRANSPLANTATION 

Hanna Galkowska 

Department of Surgery and Transplantology 

Medical Research Center 

Polish Academy of Sciences in Warsaw 

Warsaw 2004 

http://rcin.org.pl



I would like to thank 

Prof. Dr Waldemar L. Olszewski 

for his great ideas, guidance and support 

http://rcin.org.pl



CONTENTS: 

Introduction 4 

List of own citated publication 10 

Own studies 12 

1. Harvesting and enrichment of canine afferent lymph veiled cells 13 

2. Functional characteristics of canine afferent lymph veiled cells 14 

3. Development of antiserum against afferent lymph veiled cells 15 

4. Reactivity of antibodies reactive with canine leukocyte surface 

antigens 16 

5. A novel monoclonal antibody specific for canine veiled cells 17 

6. Spontaneous cluster (immunological synapse) formation by afferent 

lymph veiled cells and lymphocytes 18 

7. Cytokine and adherence molecules involved in veiled cell-lymphocyte 

cluster formation 19 

8. Veiled cells initiate skin allograft rejection by indirect pathway of 

allo-recognition 21 

9. Veiled cells mediate uncontrolled skin allograft rejection and are 

Cyclosporin A resistant 22 

10. Tacrolimus but not Cyclosporin A inhibit clustering of veiled cells and 

lymphocytes in allogeneic cell culture 23 

11. Bacteria-stimulated veiled cells form clusters with lymphocytes 24 

12. The margin of skin ulcers, an environment for epidermal Langerhans' 

cells migration and formation of clusters with keratinocytes and 

lymphocytes: 25 

2 

http://rcin.org.pl



12.1 Normal keratinocyte cell-cycle related proteins expression 26 

12.2 Lack of Langerhans' cells in the neo-epidermis and in 

granulation tissue 27 

Summary 28 

Conclusions 31 

References 33 

3 

http://rcin.org.pl



Introduction 

Skin allografts, in contrast to other organ transplants, are acutely rejected 

despite intensive and toxic for the graft recipient immunosuppressive therapy. 

Long-term immunosuppression increases the risk for life- threatening infections 

and cancers. This is why clinical skin allografting practically does not exist. 

Recent cases of hand transplantation performed in various world centers have 

renewed the interest in basic studies on the pathomechanism of skin allograft 

rejection, since skin is the most actively rejected component of the tissue 

composite graft (1). At the time of organ transplantation, a variety of non-

parenchymal cells are transplanted simultaneously with the allograft. 

Recognition of the importance of these cells as potential immunostimulatory 

cells led to the concept of "passenger leukocytes" as the principal instigators of 

rejection. Among them are the dendritic cells (DCs). 

Skin dendritic cells play a crucial role in the process of recognition of 

alloantigens, its processing and initiation of the rejection reaction. DCs are a 

unique population of leukocytes, and are the most effective antigen presenting 

cells (APC). They originate from CD34+ bone marrow stem cells and their 

precursors are seeded via the bloodstream to the tissues where they give rise 

to immature DCs. Majority of non-lymphoid tissues and organs contain DCs, 

including skin, heart, liver, lung and mucosal surfaces (2). There are three pools 

of DCs isolated from skin: a/ epidermal Langerhans' cells (LCs), b/ dermal DCs 

(DDCs), c/ afferent lymph veiled cells (VC) (3). Cells from each cutaneous 

compartment can exhibit a distinct morphology, surface phenotype, and 

function. The bone marrow derived precursors of DCs extravasate in the dermis 
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and give rise to DDCs and migrate toward epidermis to locate between the 

keratinocytes as LCs. Human skin is constantly barraged by a wide assortment 

of infectious agents including bacteria, fungi and viruses. Skin as a complex 

ecosystem with numerous microbial inhabitants presents highly efficient and 

evolutionarily conserved mechanisms of the innate immune system preventing 

colonization of deep tissues by the environmental antigens (defensins, toll 

receptors, NODs)(4). LCs, as immature DCs have ability to uptake antigen and 

degrade it to produce peptides capable of binding to MHC class II. In response 

to tissue damage, inflammatory cytokines and antigen activation LCs mature 

and migrate from the epidermis toward the dermal initial lymphatic vessels (5) 

and further with afferent lymph stream, as VCs, they flow to the regional lymph 

nodes (Fig. 1) (6). VCs carry processed antigens or self antigens to lymph nodes 

where they interact with CD4 T lymphocytes to initiate immune responses, to 

mobilize lymphocyte and monocyte populations from blood perfusing the node, 

and to form the antigen-specific cohorts of effector cells. DCs do not appear in 

efferent lymph and therefore must accumulate in the lymph node as 

interdigitating cells and die by apoptosis (7). 

In order to present antigen to lymphocytes, DCs have to come into 

physical contact with these cells and form a cluster (Fig.2). 

Recently, a term "immunological synapse" has been coined for this type 

of cluster (8). The onset of signaling and T cell activation by DCs involves 

formation of a synaptic structure at the DCs-lymphocyte interface, with many 

features similar to those of the neuronal synapse. 
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Fig. 2. Clusters of VCs with lymphocytes isolated from afferent lymph, cytospun 

onto glass slide and stained immunocytochemically with anti-DR-antibody. 

In addition to the MHC-TCR contact, this structure includes co-

stimulatory and adhesion molecules which interact with counter-receptors. A 

synapse is composed of the peripheral and central supramolecular activation 

clusters. The main function of the synapse is to serve as a device for initiating, 

stabilizing and sustaining TCR signal transduction during DC encounter. The 

assembly of mature synapse may take several minutes only (9). Interestingly, in 

skin immune reactions clusters between VCs and lymphocytes can be already 

seen in the dermal interstitial space and lymph reaching lymph node (10,11). 

This suggests the VC-lymphocyte cooperation to start already at the site of 

inflammation and VCs may "select" lymphocytes for migration in afferent lymph 

to peripheral lymph node (7). In skin allografting the process of allorecognition 
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and effector reaction is more complex than that after bacterial penetration of 

skin. The donor provides in the skin graft immunologically active keratinocytes, 

LCs, dermal macrophages and lymphocytes, whereas the recipient mobilizes 

own DCs, macrophages and lymphocytes in order to eliminate donor-specific 

antigens (Fig.3). This complex local reaction is a new biological phenomenon as 

no MHC disparate skin-to-skin transfer occurs in nature. Each skin 

allotransplant evokes a host-versus-graft and graft-versus-host reaction. 

DONOR 

Fig. 3. Stimulators and responders of both donor and recipient origin in (A) -

skin graft and (B) - recipient graft bed. Full red arrows indicate cells forming 

synapses and bidirectional stimulation. Thin black arrows show direction of cell 

traffic. 
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The fact that DCs are the most potent inducers of T cell responses led to 

high interest for their clinical application. In recent years, DCs were increasingly 

studied for their role as critical adjuvants in vaccines for prevention of microbial 

infection and for treatment of cancer and autoimmune diseases. DCs can be 

propagated in vitro from the bone marrow and peripheral blood using various 

combinations of growth factors (12). However, the in vitro generated dendritic 

cells undergo maturation in culture and after injection into skin have been 

shown to remain at the site of injection (13,14). Since a major goal in 

transplantation research is to understand and exploit the immunogenic 

properties of passenger DC as well as the tolerogenic properties of immature 

DCs (15), studies concerning migrating and less matured VCs obtained from 

afferent lymph draining skin than cultured DCs seem to be more relevant. 

Knowledge of migrating DC biology, specially the phenotypic and 

functional characteristics of afferent lymph VCs, the mechanisms responsible 

for VC- lymphocyte cluster formation upon stimulation with allogeneic and 

bacterial antigens, the effect of immunosuppressive drugs on lymph cells 

clustering towards their possible inhibitory properties, and the localization of DC 

in skin epidermis and dermis in the inflammatory foci, would facilitate a rational 

approach for the therapeutic protocols enabling the prolongation of skin allograft 

survival time. 
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Own studies 

Investigation of the in vivo- initiated reaction between migrating LC (VC) and 

lymphocytes (afferent lymph cell clustering) need an appropriate model 

providing sufficient numbers of cooperating cells. This is not feasible in rodents 

with tiny skin afferent lymphatics containing few lymph cells. Therefore, I have 

chosen a canine model with wide afferent lymphatics and sufficient numbers of 

circulating lymph cells. The proximal ligation of limb lymphatics and removal of 

the popliteal lymph node prior to harvesting lymph cells for laboratory studies 

allowed consecutive lymph sampling by vessel puncture. Results of my own 

studies accumulated in this folder include: 

(i) setting up a model for collection of skin afferent lymph with VCs 

and lymphocytes, 

(ii) phenotypic and functional characterization of these cells using 

specific and cross- reactive as well as own laboratory raised 

antibodies, 

(iii) studies of VC-lymphocyte clustering kinetic in vitro, immediately 

after lymph cell collection, 

(iv) in vitro effect of Cyclosporin A and Tacrolimus (FK506) on lymph 

cell cluster formation, 

(v) stimulation of cell clustering by skin bacterial antigens, 

(vi) preliminary observation on LC localization and contacts with other 

cells in the inflamed skin in humans. 
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The results and conclusions from my consecutive publications have been 

summarized below in paragraphs. 

1. Harvesting and enrichment of canine afferent lymph veiled cells (I) 

Studies on lymph veiled cells in inbred strains of rodents are limited by low 

numbers of available cells. Larger animals with high prenodal lymph flows are 

preferred for that purpose. Among the large animals dogs are particularly 

suitable, since interruption of their lymphatics brings about an accumulation of 

VC in the stagnant lymph. A method has been established for obtaining large 

numbers of VC from afferent lymph for subsequent functional studies. An 

enrichment of VC was achieved in vivo in dogs following surgical interruption of 

hind limb lymphatics (16). The stagnant lymph of such dogs contains 10-30-fold 

more cells compared with normal lymph (17). 

Veiled cells present in the afferent lymph of dogs with chronic 

lymphedema were enriched from 6% to about 50% VC by density gradient 

centrifugation on 15% metrizamide or discontinuous Percoll gradients. The 

recovery of VC was about 40% from 0.22 ± 0.07 x 106 VC/ml of lymph. The 

cells were strongly la positive and had cytoplasmic S 100 protein. Canine VCs 

were all positive for S 100 cytoplasmic protein. This property, which has so far 

been demonstrated for the Langerhans' cells of skin and for interdigitating 

reticulum cells in lymph nodes, is not present in phagocytic macrophages. This 

functional property permits the differentiation of the two types of cell lineage. 

Low density cells from canine lymph were strongly ATP-ase positive and their 

activities of acid phosphatase, peroxidase and of non-specific esterase 
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resembled these described for VC from other species (18,19). Canine VC were 

able to stimulate T cells in allogeneic MLR and in auto-MLR when present at 

cell concentrations as low as 5% of the responding cells. Moreover they 

exhibited the PHA presenting function characteristic of autologous lymphocytes. 

The present results indicate a close morphological, cytochemical and 

functional analogy between the veiled cells of dogs and other species. 

2) Functional characteristics of canine afferent lymph veiled cells (II) 

Veiled cells are believed to be a migrating form of Langerhans' cells from the 

epidermis, which enter the regional lymph nodes via afferent lymphatics. There, 

VCs transforming into interdigitating cells may come into a close contact with T 

cells and act as potent antigen-presenting cells. The main questions of this 

study were whether canine lymph VCs: a/ share the morphological and 

cytochemical similarities with VCs from other species, b/ act as accessory cells-

mitogen presenters to the autologous and allogeneic lymphocytes, and c/ evoke 

alloantigen-generated responses. 

In the functional assays, VCs displayed the potent accessory-cell activity 

in the mitogen-induced response of autologous blood- and lymph-derived 

lymphocytes. In the mixed leukocyte cultures, VCs acted as stimulators of the 

allogeneic and autologous lymphocyte proliferation. The high spontaneous and 

mitogen-induced responsiveness of the whole lymph cell population was found 

to be dependent on the presence of VCs. The small number of VCs (5% of 

cultured cells) was sufficient to produce the above-mentioned effects. 
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These data indicate that VCs are cells responsible for the antigen 

presentation in the skin-associated immune reactions in dogs, which is relevant 

to the observations on similar cells from the other species. 

3) Development of antiserum against afferent lymph veiled cells (III) 

Several authors have suggested that the cells responsible for the initiation of 

allograft rejection are passenger cells. The effectiveness of the la-positive 

veiled passenger cells of the skin collected from afferent lymph in provoking 

allogeneic response and in initiating renal graft rejection has previously been 

described. Whether anti-la antiserum reduces the number of Langerhans' cells 

in skin allograft is not known. Also, no data on the possible effects of specific 

anti-Langerhans' cell serum are available. There have been major problems 

with raising such antisera due to difficulties in obtaining sufficient numbers of 

dendritic cells from epidermis or afferent lymph. We have found, however, a 

method for harvesting large numbers of afferent lymph cells, adequate for 

immunization of antiserum producers. 

The purpose of the present study was to develop anti-veiled cell 

antiserum and to characterize its effects in vitro and in vivo on skin Langerhans' 

cells and lymphocytes. Anti-sera used in vitro blocked the la and CD1 antigens 

of VC on smears and inhibited the accessory function of VC in cell response to 

phytohemagglutinin (PHA) and their stimulatory activity in mixed leukocyte 

reaction (MLR). In vivo, the local, intracutaneous administration of antisera led 

to transient depletion of VC from afferent lymph, and to reduction of 

mononuclear cells in the T-dependent areas in regional lymph nodes. Depletion 
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of T-dependent areas in lymph nodes with sparing of follicles with use of the 

anti-veiled cell sera supports that this antiserum was directed primarily if not 

exclusively against dendritic cells and T lymphocytes. 

By arresting the migration of Langerhans' cells from graft into lymphoid 

tissue or their maturation into immunostimulatory veiled cells, a new strategy for 

overcoming allograft rejection is raised by using antisera against these 

immunoreactive cells. 

4) Reactivity of antibodies reactive with canine leukocyte surface antigens (IV) 

Unlike those of man and mouse, canine leukocytes can be poorly characterized, 

because only limited numbers of monoclonal antibodies (mAb) to their antigens 

are available. The first workshop on canine leukocyte antigens has allowed the 

identification and characterization of a set of anti-canine mAb that enable the 

extension of immunological research in the dog (20). However, the specificities 

of these antibodies are still not clear enough to identify the canine equivalent of 

human CD antigens. For instance, canine CD4 antigen was detected at high 

levels on granulocytes and MHC class II antigens were found on all canine 

leukocytes. 

In the present study monoclonal and polyclonal antybodies reacting with 

human leukocytes were screened for their cross-reactivity with canine 

leukocytes on cytospins using immunocytochemical methods. The cells from 

canine skin afferent lymph (containing lymphocytes and the migratory form of 

Langerhans' cells - veiled cells), peripheral blood and blasts raised in culture of 

lymph cells with PHA were used. A panel of anti-human antibodies was used in 
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order to investigate their cross-reactivity with canine leukocytes. The labeling 

was carried out at the microscopic level by immunocytochemical staining. Of 50 

antibodies 22 cross-reacted with canine leukocytes from afferent lymph and 

peripheral blood. Ali leukocytes reacted with MHM23 (CD18). Two anti-HLA-

DR antibodies, DK22 and L243, reacted mostly with veiled cells and with PHA-

stimulated lymphocytes, whereas TAL1B5 was cross-reactive with all canine 

lymphocytes. The activation markers CD25, Ki-67, PCNA were identified on 

PHA-stimulated lymphocytes with ACT1, Ki-67 and PC10 clone produced 

antibodies. Canine eosinophils reacted with MHM6 (CD23) antibody. A large 

number of antybodies reacted with canine lymph veiled cells. Canine 

granulocytes and a subset of lymphocytes were stained with the anti-CD15 

antibody only after treatment of cytospins with neuraminidase. 

5) A novel monoclonal antibody specific for canine veiled cells (V) 

The need for monoclonal antibodies (mAbs) that are specific for DC and błock 

their functions is evident. The purpose of this study was to generate DC specific 

monoclonal antibodies useful for DC identification and reduction of their ability 

to present alloantigens to T lymphocytes. 

In the present report two novel mAbs have been described that recognize 

antigens expressed by the canine lymph derived DC and granulocytes. Raised 

by us mAbs have reduced lymphocyte binding to DC and T celi proliferative 

response to DC-associated alloantigens in the MLR. Both, whole antibody 

molecules as well as F (ab') fragments had the modulatory effect on lymph celi 

binding. It can be suggested that the suppressive effects of these mAbs have 
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not been due to the blocking of receptors for antigen recognition, but rather to 

the blocking of the accessory molecules on DC. The epitopes recognized by our 

novel mAbs are unknown. 

6) Spontaneous cluster (immunological synapse) formation by afferent lymph 

veiled cells and lymphocytes (VI) 

A drop of lymph freshly drawn from a skin afferent lymphatic contains 3-6% of 

clusters formed by veiled cells and lymphocytes that most likely illustrates the in 

vivo cooperation of these populations. Clustering is the first phase of antigen 

presentation to lymphocytes. Dendritic cells bind lymphocytes in an antigen-

independent pathway and can also bind resting T lymphocytes (21). Little is 

known about the mechanism involved in the clustering of DC with resting T 

lymphocytes, including expression of adhesion molecules. Controlling this 

process may be helpful in mitigation of skin immune reactions. 

In this study we tried to elucidate the mechanisms of 'spontaneous' 

binding of veiled cells from the canine skin afferent lymph with autologous 

lymphocytes in their own environment, i.e. the lymph, and in the absence of a 

known antigen. The number of clusters forming ex vivo in the collected lymph 

samples increased as a function of time and was temperature dependent. 

Incubation of cells with proteolytic enzymes or monosaccharides did not alter 

cell interactions. The ability of veiled cells to bind lymphocytes was independent 

of divalent cations but reduced by xylocaine and retinoic acid. Among steroids 

only methylprednisolone showed an inhibitory effect on cluster formation. 

Indomethacin and acetylsalicylic acid had no blocking activity on cell binding. 
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Also, no effect was seen after treatment with cyclosporine A and azathioprine. 

An enhanced cluster formation after desialation with neuraminidase was 

observed. The desialated cells were cultured in order to study their stimulatory 

and accessory ceil functions. No enhancement of autologous mixed leucocyte 

reaction was seen, but a significantly higher responsiveness to a suboptimal 

dose of phytohaemagglutinin was observed. The N-ase- mediated non- specific 

cell attachment could be abrogated by cell washing or treatment with EDTA or 

xylocaine. 

This study indicates that cluster formation by skin lymph veiled cells and 

lymphocytes is a spontaneous process which cannot be controlled by means 

usually effective in regulating the in vitro induced clustering of antigen-

stimulated cells. 

7) Cytokine and adherence molecules involved in the spontaneous veiled cell-

lymphocyte cluster formation (VII) 

Epidermal LCs form a unique subset of dendritic cells. These cells incorporate, 

in vivo, the environmental antigens penetrating skin and this may prompt them 

to undergo such 'spontaneous' clustering with T lymphocytes. Factors 

governing this process are not clear, however the expression of accessory 

molecules on DC is thought to play a crucial role. A question arised which 

cytokines (other than GM-CSF and TNFa) responsible for LC maturation (22) 

can regulate the process of DC-T cell cluster formation. Because the distinctive 

role of DC is to initiate primary T cell response, modulating the early step of cell 

co-operation might help to regulate immune response. Skin is a rich source of 
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cytokines primarily active locally in the microenvironment of cells in skin. 

Supernatants from highly enriched murine epidermal LC cultures contain 

bioactivities of IL1, IL6, GM-CSF and TNFa (23). Furthermore, keratinocytes 

either produce constitutively, or can be induced to produce a variety of 

cytokines, among them IL1, IL6, IL8, IL10 and TNFa. 

The purpose of this study was to investigate which cytokines, usually 

present in afferent lymph, enhance 'spontaneous' cluster formation and which 

adhesion molecules are active in lymph cell binding. The CD54 and CD 58 

molecules were found to play a key role in the 'spontaneous' lymph cell 

clustering. Antibody against fibronectin, a substrate for CD49d and CD49e 

receptors, reduced DC-lymphocyte binding. Analysis of the effect of cytokines 

revealed that the pro-inflammatory IL1beta rather than IL1a, and TNFa may be 

responsible for the enhanced lymph cell in vitro clustering. The IL6 had no such 

augmenting effect. The enhancing effect of endogenous IL1beta present in lymph 

was reduced by the ILip neutralizing antibody. The effect of exogenous IL1beta 

was limited by IL1 receptor antagonist (IL1Ra). The IL1Ra alone had no effect 

on cell binding, even when used in the high doses. Neutralizing of IL1Ra in 

lymph with the specific antibody brought about augmented cluster formation. 

The enhancing properties of TNFa on cell binding were reduced by the TNFa 

neutralizing antibody. The IL10 significantly limited lymph DC cluster formation 

with T cells. In conclusion, these data demonstrate that the present in lymph 

IL1p and TNFa may be responsible for the observed in vitro enhanced cluster 

formation of lymph DC with autologous T lymphocytes. Cell binding can be 

reduced by IL1Ra and by 1L10. It provides insight into the potential clinical use 

of these inhibitors. 
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In conclusion, our data demonstrate that ICAM1 and LFA3 dependent 

pathways of cell contacts are associated with 'spontaneous' lymph cell 

clustering and that the presence of pro-inflammatory cytokines as IL1beta and 

TNFa in peripheral lymph may be responsible for enhancement of this process. 

IL1Ra and IL10 appear to be the important factors for the inhibition of the early 

stage of skin immune cell cooperation. 

8) Veiled cells initiate skin allograft rejection by indirect pathway of recognition 

(VI I I ) 

It is generally accepted that there are two pathways of allorecognition. In the 

"direct" pathway host T cells interact with intact alloantigens on the surface of 

donor cells. In the "indirect" pathway host T cells recognize processed 

alloantigen presented by self-antigen presenting cells (APC). It has been 

suggested that the acute rejection of skin allografts is predominantly mediated 

by the direct pathway, because the graft contains a significant number of LC 

and dermal DC. These cells present antigen and provide costimulatory signals 

to T cells. There is also increasing evidence for a significant role of the indirect 

pathway in alloresponse (24). 

The complexity of cellular interactions in skin allograft rejection prompted 

to find a model where the role of recipient DC in inhibition of the rejection 

process could be studied. We have used a canine skin to severe combined 

immunodeficient (SCID) mouse transplant model. Two weeks after skin grafting, 

when donor LC had migrated out from the transplant, (25) canine peripheral 

lymph VC and lymphocytes or peripheral blood mononuclear cells (PBMC) 
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allogeneic to the graft were injected intraperitoneally, and the rejection reaction 

was followed. 

Our obtained in vivo data suggest that accumulation of canine T cells in 

the graft is mediated by the presence of VC in the injected population and that 

infiltrating cells may be activated to alloantigen presented by the VC. The 

importance of VC in allograft destruction is supported by our observation that 

CD3+ T-cell infiltrates in graft dermis and epidermis were more extensive after 

injection of the whole population of lymph cells (with VC) than PBMC. 

9) Veiled cells mediate uncontrolled skin allograft rejection and are Cyclosporin 

A-resistant (IX) 

The question arises as to whether cutaneous VC, the principal cells responsible 

for skin allograft rejection, undergo inhibition by other than Cyclosporin A (CsA) 

immunosuppressive drugs during cell clustering with autologous lymphocytes. 

Our in vitro model of cluster formation served as studies on the effect of 

immunosuppressants on VC-lymphocyte binding. Immunosuppressants like 

CsA, azathioprine (AZ), dexamethasone (DM), and hydrocortisone (HC), had no 

effect on VC clustering with autologous lymphocytes in vitro. In contrast, 

methylprednisolone (MP) and FK506 had a potent inhibitory effect, even at very 

low doses. 

These findings are consistent with the results concerning cluster 

formation in the presence of CsA by human blood DC with lymphocytes (26). 

They confirm that FK506 and MP could be superior to CsA in prolongation of 
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skin allograft survival. Beneficial effect of FK506 on skin allograft survival was 

observed recently in clinical maintenance of human hand allograft (27). 

10) Tacrolimus but not Cyclosporin A inhibits clustering of veiled cells with 

lymphocytes in allogeneic and autologous cell cultures (X) 

Inhibition of immunological synapse formation between DC and lymphocytes 

would presumably down-regulate alloantigen recognition in skin allografts and 

response to bacterial or viral infections. Cyclosporine (CsA) and Tacrolimus (FK 

506) have been shown to alter DC differentiation and lymphocyte activation 

(28). 

In this study we investigated the effect of CsA and FK 506 on the rate of 

in vitro formed synapses and on the expression of CD49d antigen, the 

molecules actively participating in lymph DC- lymphocyte synapse. Cells 

obtained from lymph draining skin were cultured for 6 days in allogeneic and 

autologous combinations, in the presence or absence of CsA and FK 506. 

Thereafter, the cytospins of cultured cells were examined and percentages of 

the formed synapses and CD49d expression were established. The frequency 

of synapses was greater in allogeneic than syngeneic cell combinations. Cells 

treated with FK 506 showed a decreased rate of both autologous and allogeneic 

synapses as well as lower expression of CD49d. CsA did not inhibit synapse 

formation either in autologous or allogeneic cell combinations. However, CsA 

significantly reduced expression of CD49d antigen on both lymph DC and 

lymphocytes. It suggests that also other molecules were involved in formation of 

synapse. 
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We propose that FK506 can inhibit the formation of synapses between 

DC and lymphocytes, subsequently down-regulate the initial phases of an 

allogeneic reaction. The suppressive effect of FK506 on synapse formation may 

explain the effectiveness of this drug for skin allograft survival. 

11) Bacteria-stimulated veiled cells form clusters with lymphocytes (XI) 

Transplanted allogeneic skin becomes ischemic in course of the rejection 

process. Ischemia facilitates penetration of microorganisms residing of the skin 

surface and skin appendices. Bacteria penetrating skin evoke an immediate 

chemotactic reaction resulting in recruitment of granulocytes, phagocytosis and 

desintegration of the penetrator. The locally residing Langerhans' cells, 

macrophages and lymphocytes as well as mobilized from blood immune cells 

become activated. Presentation of antigen requires direct physical contact of 

dendritic cell with lymphocytes and formation of immunological synapse (cell-

cell cluster). In inflammation, the number of formed clusters is directly 

proportional to the intensity of the immune process developing in the tissue is 

lymph drained from. 

In this study we investigated the kinetics of lymph VC- lymphocyte cluster 

formation during a 12h in vitro stimulation with Staphylococcus warneri and the 

effect of penicilin on this process. The bacteria-stimulated VCs have formed 

more clusters with lymphocytes than control cells. The proliferative response of 

lymphocytes to bacteria-stimulated VCs was higher than in cultures with non-

stimulated VCs. Benzathine penicillin decreased lymphocyte proliferative 
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responsiveness irrespective of whether the cocultured VCs were stimulated with 

bacteria or not. 

It seems that during skin allograft rejection veiled cells react to both 

allogeneic and bacterial antigens. This cumulative process may be more 

destructive to the graft than rejection of organ transplants without resident 

bacterial flora. 

12) The margin of skin ulcers, an environment for epidermal Langerhans' cells 

migration and cooperation with keratinocytes and lymphocytes 

Langerhans' cells are typically localized in the basal and suprabasal layers of 

the epidermis and represent the principal hematopoietic barrier to the external 

environment. The mobilization of LCs to regional lymph nodes as well as the 

recruitment of their precursors from the circulation into the skin must be tightly 

regulated events. Certain, so far unknown, conditions should be met in order LC 

precursors to lodge in the epidermis, cooperate with keratinocytes and migrate 

upon stimulation towards the initial lymphatics. In lethally irradiated mice 

transplanted with congenic bone marrow cells epidermal LCs of host origin 

remained for at least 18 months, whereas DCs in other organs were almost 

completely replaced by donor cells within 2 months (29). In parabiotic mice with 

separate organs, but a shared blood circulation, there was no mixing of LCs. 

However, in skin exposed to ultraviolet light, LCs rapidly disappeared and they 

were replaced by precursors within 2 weeks. 

In inflamed skin multiple changes occur, including the secretion of 

chemokines and cytokines by keratinocytes, allowing a marked loss of LCs and 
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the recruitment of LC precursors. In the presented 2 studies, I tried to 

investigate the environment for LC to lodge in the inflamed skin, and specifically 

in epidermis, and make a functional contacts with keratinocytes and other cells. 

12.1. Normal keratinocyte cell-cycle - related proteins expression in neo-

epidermis (XII) 

Studies were carried out in the patients with diabetic foot and varicose ulcers of 

the calf. Skin biopsy specimens were obtained from the border area of ulcers 

and the topographically corresponding sites of normal skin of patients 

undergoing orthopedic surgery. At the edge of both types of ulcer keratinocytes 

were p63+, CD29+, PCNA+ and p53. The mean intensity of p63 and CD29 

staining was higher than in controls. The intensity of bcl2 staining was higher at 

the edge of diabetic ulcers compared with venous ulcers, whereas the intensity 

of bax staining was similar. The expression of caspase 3 was lower at the edge 

of venous ulcers and higher in diabetic ulcers compared with controls. The 

intensity of TUNEL staining was lower at the edge of both types of ulcers 

compared with controls. Keratinocytes at the edge and distally to both types of 

ulcers expressed cytokin 16 and 17. There was no expression of cytokeratin 10 

at the edge of ulcers. 

The impaired epithelialization of chronic leg ulcers is not caused by an 

inadequate epidermal stem cell proliferation, differentiation or apoptosis. It may 

rather reflect the distored organization of wound bed, caused by infection and 

impaired nutrition supply, altering keratinocyte migration. 
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12.2. Lack of Langerhans' cells in the neo- epidermis and in the granulation 

tissue (XIII) 

Biopsies from leg ulcers of 10 randomly selected patients were examined 

immunohistochemically for leukocyte phenotypes, vascular adhesion molecules 

and cytokines and growth factors produced by keratinocytes (KC) and vascular 

endothelial cells (EC). Granulation tissue contained few fibroblasts and blood 

capillaries, with high intensity of staining for CD62E and CD 106 but not for 

FGF2 on EC (p<0.05). The intensity of staining for scavenging CD15+ elastase+ 

granulocytes and CD35+ (C3bi) macrophages in ulcer bed was comparable to 

that in the margin but higher than in distant dermis (p<0.05), whereas that for 

CD68+, HLA DR\ TGFbeta+ and CD54+ dermal leukocytes was similar in all areas. 

There was reduced staining for CD4+ and CD8+ cells in ulcer bed (p<0.05). 

There were no CD1a+ Langerhans' cells in the epidermis encroaching upon the 

granulation tissue and also there was reduced CD1a staining in the adjacent 

epidermis (p<0.05). The expression of cytokines and growth factors by KC was 

similar in the areas adjacent and remote from ulcer. In dermis adjacent to ulcer 

the expression of IL1a, ILip, IL1Ra, EGF and PDGFa was higher than in distant 

dermis. Although keratinocytes at the edge of venous leg ulcer revealed a 

normal cytokine and growth factors secretory capacity, there was a limited 

recruitment of CD1a+ Langerhans cells to dermis and epidermis surrounding 

the ulcer. The presented in the two last publications observations suggest that 

keratinocytes at the edge of venous leg ulcers, expressing the normal levels of 

cell- cycle related markers as well as cytokines and growth factors, do not 

create conditions for repopulation of neo- epidermis by dendritic cells. This 
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supports the idea that epidermis is not just a protective barrier, but that 

keratinocytes and Langerhans' cells interact closely with underlying dermis and 

are actively involved in the regulation of the wound healing process. It seems 

that these epidermal immunological processes, and not primarily alterations in 

fibroblast function alone, are important in the regulation of dermal matrix 

production during the healing of leg ulcers. 

Summary 

Formation of cell cluster and molecular immunological synapse between DCs 

and lymphocytes is indispensable for transfer of antigen information. The 

experimental model of ligated and subsequently dilated lymphatics of the canine 

hind limb allowed collecting afferent lymph cells migrating from the skin and 

forming clusters upon in vivo stimulation. Large volume of lymph and number of 

collected cells allowed to evaluate the mechanisms of clustering of "fresh" 

lymph cells without their multiplication in culture. The harvested VCs were 

characterized and the presented results indicated a close morphological and 

functional analogy between the canine and human afferent lymph veiled cells. 

Canine low density VC exhibited the dendritic morphology of the cytoplasm, the 

presence of a lobulated nucleus and expression of cytoplasmatic S100 protein. 

The VC were strongly ATP-ase, CD1a and la positive, displaying cross-

reactivity with anti- human antigen antibodies. Afferent lymph VCs were able to 

stimulate allogeneic and autologous T lymphocytes in culture when present at 

cell concentrations as low as 5% of the responding cells. 
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Developed by us antiserum against afferent lymph cells evoked in vivo a 

transient depletion of VC from afferent lymph and reduction of mononuclear 

cells in the T- dependent areas in regional lymph nodes as well as an inhibitory 

effect in mixed leukocyte reaction (MLR) in vitro. Such effects of anti-VC sera 

may arrest the migration of VCs into lymphoid tissue leading to overcoming 

allograft rejection. Raised by us mouse monoclonal antibody against VC had 

an inhibitory activity in allo-MLR. This antibody as well as other antibodies 

cross-reactive with canine antigens could be used for VC identification and 

reduction a spontaneous binding of VC with lymphocytes in vitro. 

Formation of clusters by autologous VC and lymphocytes was an active, 

temperature dependent process. Treatment of lymph cells with a Ca 2+ channel 

blockers EDTA and verapamil and incubation of cells with proteolytic enzymes 

or monosaccharides did not alter celi interaction. Celi binding was significantly 

decreased by treatment with drugs influencing celi membrane fluidity, xylocaine 

and retinoic acid. Afferent lymph celi clustering was dependent on the 

expression of ICAM1 (CD54) and LFA3 (CD58) molecule and blocking of these 

antigens had an inhibitory effect. In contrast, blocking of other molecules as 

CD1a and DR had no effect on the rate of cluster formation, whereas blocking 

of CD18 and CD49 (d,e,f) had an pro-aggregatory effect. The presence of 

proinflammatory cytokines IL1p and TNFa but not of IL1a and IL6, induced 

spontaneous in vitro binding of lymph cells. The anti-inflammatory cytokine IL10 

and pentoxifylline (drug with anti- TNFa activity) appeared to be the inhibitory 

factors for the early stage of VC and lymphocyte cooperation. These studies 

provided insight into the potential clinical application of cluster formation 

inhibitors. 

2 9 

http://rcin.org.pl



The rejection-mediating role of VC in skin grafting was shown on SCID 

mouse chimera model. Intraperitoneal injection of lymph cell population 

containing VC to recipients of skin allografts prompted T lymphocyte recruitment 

to allogeneic skin grafts, leading to extensive dermal destruction of transplants 

in the canine skin/ SCID mouse chimera model, compared to the rather feable 

effects of lymphocytes alone. These data comply with the role of the recipient 

professional antigen presenting cells in allorecognition and skin rejection. 

Among the in vitro used immunosuppressive drugs only FK506 

(Tacrolimus) and methylprednisolone had a potent inhibitory effect on lymph 

VC- lymphocyte cluster formation. FK506 has also reduced cluster formation in 

a 6 days culture of lymph cells, both in allogeneic and autologous combinations. 

CsA had no inhibitory activity on cluster formation. Neither CsA nor FK506 

down-regulated the expression of DR antigen on VC and lymphocytes in 

clusters. In contrast, both drugs reduced expression of CD49d antigen on both 

types of lymph cells. These findings may expain the low effect of CsA in skin 

allograft rejection. 

Stimulation of VCs with bacteria in vitro led to increased clustering of 

VCs with lymphocytes and lymphocyte proliferative response. The culturing of 

lymph cells in lymph resulted in a higher rate of cluster formation compared with 

that in RPMI culture medium. Interestingly, the presence of benzathine penicillin 

reduced the responsiveness of lymph cells both in bacteria stimulated and non-

stimulated cultures. It seems that during skin allograft rejection veiled cells react 

to both allogeneic and bacterial antigens. This cumulative process may be more 

destructive to the graft than rejection of transplants without resident bacterial 

flora. 
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The in vivo cooperation of migrating epidermal VCs and lymphocytes, 

localized in the specific tissue niches and making contacts with immune and 

non-immune cells, may differ from those observed in vitro. Such differences 

may occur in the inflamed, contaminated by bacteria and non-healing leg ulcer 

tissues. At the edge of the venous leg ulcers there was lack of LCs in neo-

epidermis and their reduced numbers in the surrounding epidermis, despite a 

normal level of keratinocyte cell- cycle related proteins. The expression of 

cytokines and growth factors by keratinocytes was similar in the areas adjacent 

to and remote from ulcer. In dermis adjacent to ulcer the expression of IL1a, 

IL1beta, IL1Ra, EGF and PDGFa was higher than in distant dermis. Although 

keratinocytes at the edge of venous leg ulcer revealed a normal cell- cycle 

proteins as well as cytokine and growth factors secretory capacity, there was a 

limited recruitment of CD1a+ Langerhans cells to dermis and epidermis 

surrounding the ulcer. Insufficient levels of locally produced chemokines (30) or 

low expression of their receptors on migrating cells, and lack of a proper 

molecular modeling of niches for LC precursors lodgement may be responsible 

for lack of LC- keratinocyte contacts in epidermis. 

Conclusions 

A unique model for studies of the in vivo-formed functional clusters between 

dendritic (veiled, Langerhans) cells was worked out in a large animal (dog) 

allowing to collect sufficient number of cells and test their functional capacities. 

Applied experimental model allowed drawing analogies to human conditions. 

The phenotype and reactivity to stimulating and inhibiting substances has been 
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elaborated. Specific polyclonal anti-serum and monoclonal antibody had an 

inhibitory effect on veiled cell reactivity both in vitro and in vivo. The 

proinflammatory cytokines stimulated and anti-inflammatory cytokine and drugs 

as pentoxyfillin, FK 506 and methylprednisolon but not cyclosporin A inhibited 

formation of clusters. Bacterial antigen increased in lymph culture the cluster 

formation rate. Interestingly, long-term penicillin downregulated this process. In 

contrast to the in vitro observations, the in vivo cooperation of veiled 

(Langerhans) cells with lymphocytes and other cells seemed to be additionally 

governed by the environmental factors. In inflamed tissue there was less 

recruitment of Langerhans cells despite of high cytokine expression. A proper 

molecular niche is probably needed. 

These studies provided more insight into crucial cellular events in the 

skin immune system that is antigen presentation between the migrating 

dendritic cells and lymphocytes forming physical cell cluster and specifically the 

effectiveness of drugs on this process. The applied model allows further 

investigations on manipulating cell clustering with immunosuppressive drugs 

resulting in prolongation of skin graft survival. The recently published data of 

efficacy of FK506 in prolongation of survival of transplanted human hand 

corroborate our results on inhibiting effects of this drug on cluster formation 

(31). 
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Veiled cells (VC) present in the afferent lvmph of dogs with chronic lymphoedema could be enriched 
from 6% to about 509c V C by density gradient centrifugation on 151* metrizamide or discontinuous Percoll 
gradients. The recovery of VC was about 4 0 $ from 0.22 ± 0.07 x 10'' V C / m l of lymph. The cells were 
strongly la positive and had cytoplasmic S 100 protein. They were also strongly ATP-ase positive and 
showed heterogeneity in acid phosphatase, peroxidase and non-specific esterase activity. Lou density VC 
from canine afferent lymph were able to stimulate both blood and lymphatic lymphocytes in autologous 
mixed leukocyte reaction when present at concentration as low as 5 * of cultured cells. 

Key words: Veiled cell; Af ferent lymph; Dens i ty gradient 

Introduction 

Langerhans' cells (LC) . a minor portion of the 
total epidermal cells (Stingl et al.. 1980) have been 
described as the primary immunocompetent cells 
in skin playing a role in the presentation of anti-
gen to T cells and the induction of contact sensi-
tivity (Braathen et al.. 1984; Katz et al.. 1985). 
They can migrate from the skin and a proportion 
of these cells acquire the appearance of veiled cells 
(VC) and can be retrieved from the afferent lymph 
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Abbreviations LC. Langerhans' cells; VC. veiled cells; PBS. 
phosphate -buf fered sal ine . FCS. foetal calf serum; BSA. b o v i n e 
serum albumin. AcPh. acid phosphatase; A N A L . o - n a p h t h \ l 
acetate esterase. ATP-ase . adenos ine triphosphatase; - \ P A - \ P . 
a lkal ine phosphatase-ant i -a lkal ine phosphatase c o m p l e x . P H A . 
phytohaemagglut in in: M L R . mixed leukocyte reaction; A.MLR. 
a u t o l o g o u s mixed leukocyte reaction 

(Drexhage et al.. 1979; Spray et al.. 1980; Pugh et 
al.. 1983; Hall and Robertson. 1984; Knight, 1984). 
Since L C or VC collected from afferent lymph are 
very potent at evoking immune responses to al-
loantigens in vivo (Lechler and Batchelor. 1982; 
Knight et al.. 1983; Olszewski et al.. 1983. 1984. 
1987) they play a major role in transplantation 
biology. 

Studies on VC in inbred strains of rodents are 
limited by low numbers of available cells. Larger 
animals with high prenodal lymph flows are pre-
ferred for that purpose. A m o n g the large animals 
dogs are particularly suitable, since interruption of 
their lymphatics brings about an accumulation of 
VC in the stagnant lymph. 

The purpose of the present studies was to 
establish a method for obtaining large numbers of 
VC from afferent lymph for subsequent functional 
studies. An enrichment of VC was achieved in 
dogs with chronic lymphoedema following surgi-
cal interruption of hind limb lymphatics. The stag-
nant lymph of such dogs contains 10-30-fold more 
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cells compared with normal lymph ( G a l k o w s k a 
and Olszewski, 1986). 

smears s ta ined with May Grunwald-Giemsa . Cell 
viability, checked by trypan blue dye exclusion, 
was over 9 5 $ . 

M a t e r i a l s a n d m e t h o d s 

Dogs 
Normal outbred d o g s and dogs with chronic 

lymphoedema produced by surgical interruption 
of hind limb afferent lymphat ics (Olszewski et al.. 
1968) were used. 

Metrizamide gradient 
15% metr izamide ( N y e g a a r d ) in PBS with 0.2% 

B S A ( S i g m a ) was used. 5 ml of cell suspension 
were layered over 3 ml of gradient and spun down 
at 550 x g for 10 min. T h e number of cells from 
the interface and their purity were checked. The 
cell viability was over 95%. 

Prenodal lymph 
Lymph was collected by cannulat ion of the 

hind limb lymphatics. In dogs with lymphoedema 
it was obtained by direct percutaneous puncture 
of dilated lymphatics. It was collected into plas t ic 
tubes and heparin was a d d e d to a concentrat ion of 
10 U / m l of lymph (Olszewski and Ryf fa . 1984). 

Discontinuous Pcrcoll gradient 
A stock isotonic Percoll solution was m a d e bv 

mixing 92% of Percoll (Pharmac ia ) with 8% of 
10 x concentrated P B S ( G i b c o ) to a final o s m o -
larity of 285 mosM. F ive di f ferent concentrat ions 
of Percoll in R P M I 1640 medium (Gibco ) supple-
mented with 10$ F C S ( G i b c o ) were prepared , 
ranging from 3 8 $ to 6 6 . 7 $ (F ig . 1). After layering 
2 ml volumes of different Percoll solutions. 2 ml 
of cell suspension in R P M I 1640 medium with 
10$ F C S were placed on the top and spun down 
at room temperature at 500 x g for 30 min. Cel l s 
from the interfaces were collected and washed 
with medium. 

The number of cells f rom the layers was calcu-
lated and the cell purity was evaluated on cytospin 
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Fig 1 Separation of h m p h cel ls on a d iscont inuous gradient 
of Percoll so lut ion 

Cytochemistry of cells on cytospins 
Cells were fixed in cold acetone for 1 min. Acid 

phosphata se activity was as ses sed using a-naph-
thyl phospha te m o n o s o d i u m salt in the acetate 
buffer ( p H 5) and Fast R e d T R . The method of 
Horwith et al. (1977) was used to determine the 
non-specif ic esterase activity, using m-naphthyl 
acetate. Peroxidase activity was assessed using 
benzidine dihydrochloride (400 m g / 1 0 ml of 40%. 
ethanol and 0.02 ml of 3% hydrogen peroxide 
solution). A T P - a s e localization was performed on 
smears fixed with formalin in cacodylate buffer 
with 11.5% sucrose, then incubated with A T P and 
C a C I ; solution in Tris buf fer ( p H 9.5) for 45 min 
at 3 7 ° C . Af ter washing, smear s were incubated in 
2 $ C a C I ; solution for 3 min followed by am-
monium sulphide solution for 3 min. 

Detection of la antigens 
Cytosp ins fixed in cold acetone for 1 min were 

incubated for 30 min with normal swine serum 
(diluted 1 / 5 ) and then with a n t i - H L A - D R mouse 
monoclonal antibody (Becton-Dickinson, diluted 
1 / 2 0 ) for 30 min at room temperature. Next, the 
rabbit ant i-mouse IgG (Becton-Dickinson. diluted 
1 / 2 0 ) was layered over the cells for 30 min and 
then the cells were covered with swine anti-rabbit 
I g G - A P A A P conjugate (Becton-Dickinson. di-
luted 1 / 2 0 ) for 30 min. After incubation with A P 
substrate ( D a k o p a t t s ) for 15 nun smears were 
lightly stained with Mayer ' s haematoxylin. 

Detection of S 100 protein 
Cytosp ins were fixed in cold acetone for 1 min 

and rabbit anti-S 100 ant i serum (Dakopat t s ) di-
luted 1 / 1 0 0 was placed over the cells for 30 nun. 
Then the cytospins were incubated for 30 min 

http://rcin.org.pl



with swine anti-rabbit I g G - A P A A P conjugate (di-
luted 1 / 2 0 ) followed by A P substrate for 15 min. 

Stimulatory activity of VC m vitro 
T h e culture med ium used consisted of R P M I 

1640 medium supp lemented with 10 m M Hepes 
buf fer . 20% F C S , 100 U / m l penicillin and strep-
tomycin (Gibco) . 2 m M L-glutamine (G ibco ) . Re-
sponding lymphocytes f rom peripheral b lood were 
separated on a L y m p h o p r e p ( N v e g a a r d ) gradient 
at 500 x g for 30 min. Lymphocytes f rom b lood 
or lymph were cultured at a density of 2 x 10 5 

cells in 0.2 ml of med ium in microculture plates , 
with and without 5%. V C from the Percoll gradient 
enriched populat ion. St imulatory cells were prein-
cubated with mitomycin C (S igma) used at a 
concentrat ion of 40 / i g / m l for 40 min at 37 ° C . 
C u l t u r e s were p e r f o r m e d in tr ipl icate and 
incubated for 6 d a y s in a humidified a t m o s p h e r e 
of 5%> C 0 2 in air. 20 h before termination of the 
culture 100 /xl of medium were replaced by an 
equal volume of fresh culture medium and 0.4 /iCi 
of [ 3 H]thymid ine ( A m e r s h a m . 2 C i / m M ) was 
added . Radioact ivi ty was measured on glass fibre 
filters in Permaf luor cocktail (Packard) . 

Mitogen presenting function of VC 
Lymphocytes f rom peripheral blood and from 

lymph were cultured in the presence of P H A 
(Wel lcome HA. 90 M g / n i t ) ^ i th and without 5 $ 
V C for 3 days . T h e V C were treated with 
mitomycin C and the culture condit ions were the 
s a m e as described above . 

Results 

Cellular composition of canine afferent lymph 
The concentrat ion of cells obtained from nor-

mal (non-stagnant) lymph was 0.23 ± 0.21 x 
l O V m l ( 9 - 2 1 $ VC) . The total yield of V C was 
usuallv too low for functional studies. They could, 
however, be used for morphological characteriza-
tion. Stagnant lymph was rich in cells (4.7 ± 3.8 x 
10'' cells ml of lymph) and the total numbers of 
cells obtained were sufficient for tests. The major-
ity of cells were lymphocytes and about 3 - 1 2 $ 
were large mononuclear macrophage-l ike cells 
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f 
** 

Qfe* 
Fig. 2. Macrophage- l ike . low dens i ty V C from lymph after 

centr i fugat ion and sta ined wi th May-Cirunwald-Giemsa . 

(0.22 ± 0.07 x 1 0 7 m l of lymph). Fig. 2 illustrates 
such a cell stained with M a y - G r u n w a l d - G i e m s a . 

Density gradient fractionation 
The distribution prof i le s of cells with dendritic 

morphology on the d i s cont inuous Percoll gradient 
and on 15% metr izamide are shown in T a b l e 1. 
T h e top band of the Percoll gradient contained 
about 52% of low dens i ty veiled cells (range 
4 0 - 7 2 % ). whereas lymphocyte s were present in the 
high density band. A large number of V C from the 
top band was found in the middle of rosettes 
formed bv lymphocytes . T h e recovery of V C from 
the Percoll gradient ranged from 23% to 5 3 $ 
(Tab le I). Fract ionat ion of lymph cells on the 
metr izamide gradient gave similar results. The 
purity of V C from the gradient interface ranged 
from 54% to 70%. with a yield of about 4 6 $ . 

Cytochemistry of VC from cytospins 
Only about 10$ of V C were weakly posit ive for 

perox idase and about 4 0 $ of V C showed acid 
p h o s p h a t a s e activity. A b o u t 6 0 $ of V C showed a 
reaction for non-speci f ic esterase of di f fer ing 
degrees of activity and 4 5 $ of V C were weakly 
positive. All V C showed s t rong A T P - a s e activit> 
(Tab le II). 

Labelling with anti-la monoclonal antibody 
All of the V C e x a m i n e d in cytospins were la 

posit ive and 80$ of them showed a strong reac-
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T A B L E I 

E N R I C H M E N T O F V E I L E D C E L L S ( V C ) BY C E N T R I F U G A T I O N T H R O U G H A P E R C O L L G R A D I E N T <n = 10) O R 
T H R O U G H 15"? M E T R I Z A M I D E ( n = 3) 

Purity of V C ( ? ) Yield ( 5 ) 

Before fract ionat ion 6.7 ± 2 . 4 ( 3 - 1 2 ) 

Percoll layers: 

3 8 5 5 2 . 0 ± 9 . 2 ( 4 0 - 7 2 ) 33.6 ± 11.0 ( 2 5 - 5 3 ) 
4 4 ? 19.0 ± 8 . 0 ( 6 - 3 3 ) 
5 0 . 8 ? 4.1 ± 3 . 1 ( 1 - 1 0 ) 
5 5 ? 1.0 ± 1 . 4 ( 0 - 3) 
6 6 . 7 ? 0 

1 5 ? metr izamide interphase 6 4 . 6 ± 9 . 2 ( 5 4 - 7 0 ) 4 6 . 0 ± 1 . 0 ( 4 5 - 4 7 ) 

tion ( T a b l e II). Fig. 3 i l lustrates a V C stained for 
la antigens. 

Reaction with anti-S 100 serum 
All of the V C examined in cytospins were posi-

tive for the S 100 protein ( T a b l e II). Fig. 4 shows 

the reaction product s with discrete localization 
within the cytop la sm. 

Stimulatorv activity in vitro 
The V C collected f rom the Percoll gradient 

were able to s t imulate a l logeneic peripheral b lood 

Fig. 3. Ia s ta in ing of VC us ing m o u s e a n t i - H L A - D R serum 
The VC is s trongly Ia posit ive. 

Fig. 4. S 100 s ta in ing of VC us ing rabbit anti-S 100 protein 
ant i -serum T h e large macrophage- l ike cel ls from lymph are 

strongly posi t ive . 

T A B L E 11 

C Y T O C H E M I S T R Y A N D I M M U N O C H E M I S T R Y O F C A N I N E V E I L E D C E L L S F R O M A F F E R E N T L Y M P H ( ? of pos i t ive 
VC) 

Before 
fractionation 

V C enriched 

AcPh 

50-

4 0 -

Peroxy-
dase 

50 -

10-

A N ' A E 

100 -

4 5 -
1 4 -

A T P - a s e 

ICR) + - + 

100 - + -

S-100 

100 -

1 (to-

la 
( H L A - D R ) 

50-

50-

20 -
80-

Kcv strong ( — ). intermediate ( ). weak ( - I enzymat ic activity 
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TABLE III Discussion 
T H E E F F E C T O F C O - C L L T L R I N G B L O O D L Y M P H O -

C Y T E S WITH 5 ? A L L O G E N I C V E I L E D C E L L S F O R 6 A s i n g l e s t a g e e n r i c h m e n t p r o c e d u r e w a s f o u n d 

D A V S ( M L R ) T O G J V E A s a t i s f a c t o r y y i e l d o f v e i l e d c e l l s f r o m t h e 

„. . TTT afferent lvmph of the hind limbs of normal and 
Experiment Control \ V i t h \ C SI -

Ivmphoedematous does. Highlv enriched popula-
1 0 . 4 1 x 0 . 0 5 a 1 .44-0.17 2.5 . . • . u . • / - , . . . . f l w " , 1 1 , 1 , _ t i o n s w e r e o b t a i n e d b v d e n s i t v c e n t r i f u g a t i o n o n 
2 0.38 + 0.11 0.96 ±0 .10 1.5 ° 

discont inuous Percoll gradient or on 15$ J cpmx IO ' ±SD. metrizamide. Both procedures resulted in the same 
h Stimulation index. V C purity and recovery. The advantage of the 

Percoll gradient over metrizamide was the simulia-
T A B L F i v n e o u s i s o l a t i o n o f a p u r e l y m p h o c y t e p o p u l a t i o n . 

The recovers' of VC from both gradients was 
T H E E F F E C T O F C O - C U L T U R I N G B L O O D ( B E ) A N D J L , , 
A F F E R E N T L Y M P H ( L L ) L Y M P H O C Y T E S W I T H 5 f A U - m u c h h l & h c r l h a n r e P o r l e d b > R h o d e s (1985) f r o m 
T O L O G O US V E I L E D C E L L S FOR 6 D A Y S ( A M L R ) l h e m e s e n t e r i c l y m p h o f a d e n e c t o m i z e d m i c e a f t e r 

enrichment on 14.5$ metrizamide. The use of a 
Responder Experi- Control With v c s i 1 ' 13% metrizamide gradient for enrichment of pre-
c d l s m c m nodal canine VC from stagnant lymph resulted in 
BL 1 0.3 ±0.04 •' l.4 ±o.i 3.6 an 18% of VC. Although the functional properties 

2 o.i ± 0 . 0 1 0 .3±0.05 2.0 a n ( j morphological appearance of veiled cells and 
LL l 2.7±0.1 7.5±0.2 1.7 lymphocytes from normal and from stagnant 

2 0.9±0.3 3.8 ±0.6 3.2 lymph were similar, the cell yield from normal 
w > vessels was. in many cases, found to be too low for cpm x 10 ± SD. J 

" Stimulation index. f u n c t i o n a l e v a l u a t i o n s . 

Low density cells from canine stagnant lymph 
exibited many of the characteristic features de-

lymphocytes in a 6 day MLR (Table III) when scribed for VC obtained from other experimental 
present at 5$ of the responding cells. They also animals (Drexhage et al., 1979; Hall and Ro-
stimulated autologous lymphocytes from both bertson. 1984; Rhodes. 1985). These included the 
blood and lymph in A M L R (Table IV). dendritic morphology of the cytoplasm, the pres-

ence of a lobulated nucleus and of relativeiv feu 
Mitogen presenting function lysosomes. 

The VC were able to augment the responsive- All canine VC. in common with the VC from 
ness of autologous lymphocytes to PHA in a 3 day other species studied (Knight. 1984). were strongly 
culture (Table V). Ia positive displaying cross-reactivity with mouse 

l A B L E v 

THE EFFECT OF C O - C U L T l R I N G B I O O D (Bl i A N D I Y M P H (LL) L Y M P H O C Y T E S WITH 5r» A U T O L O G O U S VC" IN 
T H E PRESENCE O F PHA 

Cells Experiment Control PHA S I " With VC Al ' 

BL 1 0.2 x0 .02 6 . 5 x 0 . " 31 9 .6±0 .5 1.5 
2 0.1 x 0.01 3.3 x 0.4 32 5.4 = 0.1 1.6 

L L 1 0.1 x 0.01 1 3 . 8 x 1 0 13" 2 6 . 6 x 1 2 1.9 
2 0.0" x 0.005 S.5 x 0.9 120 23 .3x0 .2 2 " 

• ' c p m > 1 0 ; x SD 
1 Stimulation index for PHA 
' Augmentation index for VC 
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a n t i - H L A - D R antiserum. Such cross-reactivity of 
anti-la alloantisera was described by Rowden 
(1985) and Greenlee et al. (1988) but the reasons 
for the phenomenon are not clear. Canine V C 
were all positive for S 100 cytoplasmic protein. 
This property, which has so far been demon-
strated for the Langerhans' cells of skin (Naka j ima 
et al., 1982) and for interdigitating reticulum cells 
in lymph nodes (Takahashi et al., 1981), is not 
present in phagocytic macrophages (Rowden. 
1985). This functional properly permits ihe differ-
entiation of the two types of cell lineage. Low 
density cells from canine lymph were strongly 
ATP-ase positive and their activities of acid phos-
phatase, peroxidase and of non-specific esterase 
resembled these described for V C from olher 
speciec (MacPherson and Pugh. 1984; Rhodes , 
1985). Canine VC were able to stimulate T cells in 
allogeneic M L R and in a u t o - M L R when present 
at cell concentrations as low as 5% of the respond-
ing cells. Moreover thev exhibited the PHA pre-
senting function characteristic of autologous 
lymphocytes. 

The present results indicate a close analogy 
between the veiled cells of dogs and other species 
(Knight, 1984). Relatively large numbers of the 
cells are available in stagnant lymph and this will 
permit functional studies, the raising of antisera 
against veiled cells for in vivo studies of their 
immunosuppressive properties, and cell adoptive 
transfer to skin allograft recipients for the investi-
gations of rejection accelerating activity. 
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A b s t r a c t 

The surgical interruption of afferent lymphatics in the hind limb of dog leads to peripheral 
lymph stasis. The stagnated lymph contains large numbers of immunocompetent cells originat-
ing solely from the skin. This experimental model allows a study of the functions of the 
afferent skin-draining lymph cell population, the recovery and assessment of the Ivmphokines 
and other mediators liberated by these cells during the culture, and the production of anti-sera 
against different types of lymph cclls. 

In the present study, we focused on the functional, morphological and cvtochcmical 
evaluation of the non-lymphoid cells, isolated from the whole lymph cell population bv means 
of the gradient centrifugation technique. The non-lymphoid cells were large, with an irregu-
larly-shaped nucleus and numerous cytoplasmic projections, giving them a «veiled- cell (VC) 
appearance. All V C were strongly positive for DLA-class II antigens and membrane-
associated ATP-ase, and 60 'Vi. of them exhibited the activity of non-specific esterase. 

In the functional assays, V C displayed the potent accessory-cell activity in the mitogen-
induced response of autologous blood- and lymph-dcrivcd lymphocytes. In the mixed 
leukocyte cultures, V C acted as stimulators of the allogeneic and autologous Ivmphocvtc 
proliferation. The high spontaneous and mitogen-induced responsiveness of the whole lvmph 
cell population was found to be dependent on the presence of VC. The small number of VC 
(5 "-I. of cultured cells) was sufficient to produce the above-mentioned effects. 

These results indicate that V C is a cell responsible for the antigen presentation in the skin-
associated immune reactions in dog, which is relevant to the observations on similar cells from 
the other species. 

I n t r o d u c t i o n 

Veiled cells ( V C ) have been described in the afferent lvmph of manv 
species , including rabbit , pig, sheep, dog , man (skin lymph) (1-6) , and rat, 
guinea pig and pig (intestinal lymph) (7). V C have also been isolated from 
the thoracic duct of mesenteric lymphadcnectomized rats and mice (8-10) . 

Abbreviations: \'C = veiled ccll(s); LC = Langerhans ccll(s); DC = dendritic cell(s). PBM = 
peripheral blood mononuclear cells; LL = lvmph lvmphocvtcs; 5/ = stimulation index; Al = 
augmentation index; MLR = mixed Icukocvtc reaction; AMLR = autologous mixed Icuko-
cvtc reaction; DFCS = dccomplemcnted fetal calf serum. 
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These cells are believed to be a migrat ing fo rm of Langerhans cells ( L C ) 
f r o m the epidermis , which enter the regional lymph nodes via afferent 
lymphat ics (1, 2, 6, 9, 11, 12). T h e postulated role for migra t ing V C is the 
t ransportat ion of antigens f rom the skin or gut mucosa to the paracortex of 
lymph nodes . There , V C t rans forming into interdigitating cells may c o m e 
into a c lose contact with T cells and act as potent ant igen-present ing cells 
( 1 3 - 1 5 ) . V C , like L C and interdigitating cells, are descendant s of the 
myelo id l ineage, but their relation to the mononuc lear p h a g o c y t i c sys tem 
cannot be strictly defined because of many morpholog ica l and funct ional 
di f ferences (9). V C from mos t species so far investigated have characterist ic 
cy top la smic project ions and are larger than other afferent l y m p h cells. T h e y 
have a relatively smali lobulated nucleus and elear c y t o p l a s m (2, 6). T h e 
very characterist ic structure, present in s o m e V C f r o m the sk in-dra ining 
lymph, and shared with the epidermal L C , is a cy top la smic B i rbeck granule. 
T h e other c o m m o n l y recognized features of these cells are the high activity 
of the membrane-as soc ia ted A T P - a s e , also the presence of non-spec i f ic 
esterase and acid phosphatase and express ion of M H C class II antigens (6, 
8, 16). V C , like L C and dendritic cells ( D C ) , are potent s t imulators of 
l y m p h o c y t e responses in vitro and in vivo (15, 17-20) . T h e y were shown to 
per fo rm accessory celi funct ion in mitogen- and ant igen-st imulated lym-
phopro l i fe ra t ion , together with a s t imulatory funct ion in mixed leukocyte 
cultures (8, 21-23) . D u e to the immunos t imula tory activities of D C , their 
role in evok ing allogeneic reactions in skin and gut transplants , has b e c o m e 
a matter of g rowing interest. 

In this s t u d y , we analyzed some funct ions of V C in a d o g . T h e d o g mode l 
is widely used in transplantation research. Futhermore , in this species , it is 
poss ib le to br ing about the dilatation of afferent lymphat ics , result ing in an 
accumulat ion of leukocytes as a consequence of surgical interruption of 
peripheral l ymph out- f low f rom the limb (24). This m o d e l is so far 
imposs ib le to introduce in smali laboratory animals. It had not been assayed 
in pigs , sheep or calves either. Tak ing advantage of this technique , we were 
able to s tudy functionally the pure skin-draining lymph celi p o p u l a t i o n . In 
particular , we found it of interest to concentrate on the V C present in the 
canine skin-draining lymph, sińce the funct ions of these cells have not been 
yet investigated in this species. The main quest ions were whether V C : 
1) share the morpholog ica l and cytochemical similarities with V C f r o m 
other species , 2) act as accessory cells-mitogen presenters to the a u t o l o g o u s 
and al logeneic lymphocytes , and 3) evoke al loantigen-generated responses . 

M a t e r i a l s a n d M e t h o d s 

Animals 

D o g s with l y m p h e d c m a fo l lowing surgical interruption of lymphat ics served as d o n o r s of 
lymph (24). 
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T h e s e celis are bel ieved to be a migrat ing f o r m of Langernans cells ( L C ) 
f r o m the epidermis , which enter the regional lymph nodes via afferent 
lymphat i c s (1, 2, 6, 9, 11, 12). T h e postulated role for migrat ing V C is the 
t ranspor ta t ion of antigens f r o m the skin or gut m u c o s a to the paracortex of 
l y m p h nodes . T h e r e , V C t rans forming into interdigitating cells m a y come 
into a close contact with T cells and act as potent ant igen-presenting cells 
( 1 3 - 1 5 ) . V C , like L C and interdigitat ing cells, are descendants of the 
m y e l o i d lineage, but their relation to the mononuc lear phagocyt i c system 
c a n n o t be strictly def ined because of many morpholog ica l and functional 
d i f ferences (9). V C f r o m most species so far investigated have characteristic 
c y t o p l a s m i c pro jec t ions and are larger than other afferent lymph cells. They 
have a relatively smali lobulated nucleus and elear cy top la sm (2, 6). The 
very characteristic s tructure, present in s o m e V C f rom the skin-draining 
l y m p h , and shared with the epidermal L C , is a cytoplasmic B i rbeck granule. 
T h e other c o m m o n l y recognized features of these cells are the high activity 
of the membrane-a s soc ia ted A T P - a s e , also the presence of non-speci f ic 
es terase and acid phosphata se and express ion of M H C class II antigens (6, 
8, 16). V C , like L C and dendrit ic cells ( D C ) , are potent s t imulators of 
l y m p h o c y t e re sponses in vitro and in vivo (15, 17-20) . They were shown to 
p e r f o r m accessory celi funct ion in mitogen- and antigen-st imulated lym-
phopro l i f e ra t ion , together with a s t imulatory funct ion in mixed leukocyte 
cul tures (8, 2 1 - 2 3 ) . D u e to the i m m u n o s t i m u l a t o r y activities of D C , their 
role in evoking al logeneic reactions in skin and gut transplants , has become 
a mat ter of g r o w i n g interest. 

In this s tudy, w e analyzed s o m e funct ions of V C in a dog . T h e d o g model 
is wide ly used in transplantat ion research. Fu thermore , in this species , it is 
p o s s i b l e to br ing about the dilatation of afferent lymphat ics , result ing in an 
accumula t ion of leukocytes as a consequence of surgical interruption of 
per ipheral l y m p h out - f low f r o m the limb (24). This model is so far 
i m p o s s i b l e to in t roduce in smali l abora tory animals . It had not been assayed 
in p ig s , sheep or calves either. T a k i n g advantage of this technique, we were 
able to study funct ional ly the pure skin-draining lymph celi popu la t ion . In 
part icular , we f o u n d it of interest to concentrate on the V C present in the 
canine skin-draining lymph, sińce the funct ions of these cells have not been 
yet investigated in this species. T h e main quest ions were whether V C : 
1) share the morpho log ica l and cytochemical similarities with V C f rom 
other species, 2) act as accessory cel ls-mitogen presenters to the au to logous 
and allogeneic l y m p h o c y t e s , and 3) evoke al loantigen-generated responses . 

M a t e r i a l s a n d M e t h o d s 

Animals 

D o g s with l v m p h e d e m a fo l lowing surgical interruption ot lymphatics served as donor s of 
l y m p h (24). 
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by fresh med ium, and subsequently , 0.4 uCi/well of tritiated thymidine (Amcrsham, 2 C i / 
m M ) was added. At 72 h, the cultures were harv ested with a Skatron harv ester, and incorpora-
tion of p H j - t h v m i d i n e was measured in Beckman {^-counter. Mixed leukocyte reactions were 
carried out for 144 h in U-shaped 96-well microtiter plates under the same culture conditions, 
and the [ x H]- thymid ine incorporation was measured as described above. 

Results 

Isolation ot VC on Pcrcoll gradient 

In the unfrac t ionated s t agnant l y m p h , V C cons t i tu ted 6 . 7 % (living cell 
s u s p e n s i o n s ) or 5.75 % ( M a y - G r u n w a l d - G i e m s a s ta ined smear s ) of the 
entire cell p o p u l a t i o n ; the rest being 8 8 . 5 % small l y m p h o c y t e s , 3 . 2 5 % 
m o n o c y t e s , 1 % blast cells , 1 % neutrophi l s and 0.5 % eos inophi l s . In the 
Percoll g rad ient , V C were f o u n d in the low-dens i ty f r ac t ions , p r e d o m i -
nantly in the first interface over ly ing 38 % Percol l . T h i s c o r r e s p o n d e d to 
the a p p r o x i m a t e density of 1.05 g /ml . T h e pur i ty of V C in this fraction was 
52.0 ± 9 . 2 % (n = 20) r ang ing f r o m 4 0 - 8 3 % . T h e V C yield was 
33.6 ± 1 1 . 0 % (25-53 % ) , c o r r e s p o n d i n g to the a b s o l u t e number s of 
1.05 ± 0 .55 x 10(' (0 .45-2 x 106) recovered cells. F o r the funct iona l evalua-
tion of V C , the fract ions of 74-83 % pur i ty were used . V C f requency 
d imin i shed in the interfaces over ly ing lower Percoll f r ac t ions , being con-
secut ively 19.0 ± 8.0, 4.1 ± 3 .1 , 1.0 ± 1.4 and less than 1 % . Small ( p r e d o m -
inantly T - (4)) l ymph l y m p h o c y t e s accumula ted in the high-densi ty 
f rac t ions , over ly ing the 55 % and 6 6 . 7 % Percoll layers (1 .075 g /ml density 
for the latter). T h e pur i ty of l y m p h o c y t e s in the l owes t interface was 
96 .25 ± 2 . 6 % . T h e mean l y m p h o c y t e n u m b e r w a s 52.4 ± 5.9 x 10f> 

( 4 5 - 6 0 x 106) cells, y ie ld ing 77.2 ± 1 6 . 8 % ( 6 0 - 9 5 % ) . T h e s e l y m p h o c y t e s 
were used as re sponder l y m p h l y m p h o c y t e s ( L L ) in the in vitro experi-
ments . 

Morphological and cytochemical identification ot VC 

In the M a y - G r i i n w a l d - G i e m s a - s t a i n e d spec imens , V C appeared as large 
cells ( a b o u t 2 - 3 times the s ize of the small l y m p h o c y t e ) , with clear 
c y t o p l a s m , s h o w i n g no granules . T h e n u c l e u s / c y t o p l a s m ratio was rela-
tively l o w . T h e shape of the nucleus varied between d i f ferent cells. At least 
t w o m a j o r k inds of cells c o u l d be d i s t ingui shed : one with lobula ted nucleus , 
and the other with marg ina l ly located oval or h o r s e - s h o e - s h a p e d nucleus 
(F igs . 1 and 2). T h e c y t o p l a s m i c pro jec t ions were also vis ible , but not to the 
s a m e extent as in the living cell su spens ions . S o m e V C a p p e a r e d in clusters 
with l y m p h l y m p h o e v t e s . 

A b o u t 10 % of V C were weak ly pos i t ive for p e r o x i d a s e , and about 40 % 
s h o w e d a weak acid p h o s p h a t a s e activity. A b o u t 6 0 % of V C showed the 
reaction for non-spec i f ic es terase of s t rong or m o d e r a t e degree , and the 
remain ing 40 % of V C were weak lv posi t ive . A l m o s t 100 % of V C showed 
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F i g u r e 1. V e i l e d cell s u r r o u n d e d b y l y m p h o c v t c s a n d a g r a n u l o c y t e . N o t e the l a r g e s i z e o f V C , 

t h e i r r e g u l a r s h a p e o f i t s ce l l m e m b r a n e , a n d t h e l o b u l a t e d n u c l e u s . M a y - G r u n w a l d - G i c m s a 

s t a i n i n g 1 0 0 0 X . 

the s t r o n g activity of the m e m b r a n e - a s s o c i a t e d A T P - a s e . O n the bas i s of 
cross-react iv i ty with the m o u s e a n t i - H L A - D R m o n o c l o n a l a n t i b o d y (27, 
28) , all V C were f o u n d D L A - c l a s s II pos i t ive . A m o n g them, 8 0 % were 
s t r o n g l y posi t ive . 

Figure 2. Veiled cell (right11 with marginally located kidncv-shapcd nucleus and well-developed 
cytopodia . Mav-Gr i inwald-Giemsa staining 1 3 3 0 x . 
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Tabic 1. The effect of V C on pHJ- thymidine uptake of autologous P B M stimulated with 
P H A 

Exp. Autotrans- with P H A SI with P H A Al Exp . 
format ion rate and V C 1 

1 0.8 ± 0 . 1 2 b 3.9 ± 0.07 3.9 2.8 ± 0 . 5 0 0.7 
-> 0.2 ± 0 . 0 4 3.4 ± 0.30 16.0 6.2 ± 0 . 1 0 1.8 
3 l 0.3 ± 0 . 0 2 6.5 ± 0.70 20.7 9.6 ± 0 . 5 0 1.5 
4 0.2 ± 0.02 0.9 ± 0 . 2 4 3.5 1.6 ± 0 . 3 0 1.8 
5' 0.1 ± 0 . 0 1 3.4 ± 0.40 33.0 5.5 ± 0.10 1.6 
6" 0.05 ± 0.02 1.1 ± 0 . 3 3 21.0 2.3 ± 0.12 2.1 

10.5 x 10* mitomycin C-trcated VC/wcl l . 
mean cpm of triplicate cultures x 10 1 ± SD . 
PBM isolated on Lymphoprep and subsequently enriched on Percoll gradient in order to 
eliminate contaminating granulocytes. 

T w o x 10s responder cells, stimulated with 90 ng P H A / m l , were cultured in a final volume of 
0.2 ml in f lat-bottom microtiter plates with or without V C for 72 h. Stimulation index (SI) was 
calculated dividing 6 cpm for PHA-st imulated response by autotransformation value. Aug-
mentation index ( A l ) was calculated dividing cpm for P H A and VC-st imulated response by 
cpm for PHA-s t imula ted response. 

VC as accessory cells in the lectin-stimulated lymphocyte proliferation 

In o r d e r to evaluate the inf luence of V C on P H A - i n d u c e d l y m p h o c y t e 
r e s p o n s e s , d i f ferent responder cell p o p u l a t i o n s were c o - c u l t u r e d with V C 
in the p re sence of mitogen. In 5 out of 6 exper iments , P B M s u p p l e m e n t e d 
with a u t o l o g o u s V C re sponded higher to P H A than P B M a lone (Table 1). 
T h e mean augmenta t ion of the re sponse ( augmenta t ion index ( A l ) ) was 1.6. 
Such an ef fect was mediated by 10.5 X 10 ' V C added per wel l , which 
cons t i tu ted 5 % of all the cells present in the single well . W e f o u n d this 
n u m b e r o p t i m a l , since the addi t ion of larger n u m b e r s of V C per well (10 % 
- 22 X 1 0 \ 20 % - 5 X 103) had either little or no further e n h a n c i n g effect on 
the level of the respons iveness . Add i t ion of 133 X 10"1 V C per well (40 % of 
the cul tured cells) was found to be inhibitory (data not s h o w n ) . 

Table 2. The effect of V C on pH]- thvmidine uptake of autologous L st imulated with P H A 

Exp. Autotrans- with P H A SI with P H A Al 
formation rate and V C 

1 0.1 ± 0 . 0 1 " 13.9 ± 1.00 138.0 26.6 ± 1.20 1.9 
0.3 ± 0 . 0 8 24.6 ± 3.46 81.0 35.8 ± 1.07 1.5 

3 0.07 ± 0 . 0 1 8.5 ± 0 . 9 0 120.0 23.4 ± 0.20 2.8 
4 1.6 ± 0 . 1 6 11.9 ± 1.30 6.4 15.1 ± 1.20 1.3 

J 10.5 x 10' mitomvein C-treated V C ' w e l l . 

mean cpm of triplicate cultures x 10" ' ± SD. 

l or culture and SI and Al calculation details, see footnote to Table 1. 
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T a b l e 3. T h e effect of V C on | ' 3 H ] - t h y m i d i n c uptake of al logeneic P B M st imulated wi th P H A 

E x p . Autot rans- with P H A SI with P H A A l E x p . 
format ion rate and V C J 

1 0.2 ± 0 . 1 4 b 30.0 ± 2 .30 149.0 33.7 ± 1.60 1.1 
2 0.2 ± 0 . 0 2 6.3 ± 0 .18 30.5 6.1 ± 0 .16 0.9 

y 0.2 ± 0 . 0 6 9.5 ± 0.96 46.5 8.9 ± 0 . 2 8 0.9 

4 0.1 ± 0 . 0 2 8.7 ± 0 . 3 4 86.0 7.6 ± 0 . 3 7 0.9 

5' 0.2 ± 0 . 1 3 11.7 ± 0 .17 57.5 15.2 ± 0 .47 1.3 

10.5 x 103 m i tomyc in C- t rca ted V C / w c l l . 
b m e a n cpm of triplicate cultures X 10 " 3 ± S D . 
1 P B M isolated on L y m p h o p r e p and subsequent ly enriched on Percoll in o r d e r to el iminate 

contaminat ing g ranu locyte s . 

F o r cu l ture and SI and A l calculation detai l s , see footnote to T a b l e 1. 

S imi la r results were obta ined wi th L L as r e sponder s . In 4 e x p e r i m e n t s , 
the add i t ion of a u t o l o g o u s V C increased the P H A - s t i m u l a t e d pro l i f e ra t ion 
of L L 1.8-fold ( T a b l e 2). T h e level of augmenta t ion was c o m p a r a b l e to that 
seen in P B M cultures . N e v e r t h e l e s s , the absolute level of L L r e s p o n s i v e n e s s 
w a s h igher than that of P B M . 

In contras t to the a u t o l o g o u s cell co-cul ture , no evident enhanc ing effect 
of V C w a s noted in the a l logeneic c o m b i n a t i o n . O n l y in the case of the t w o 
h i g h - r e s p o n d e r s ( E x p . 1 and 5), did a slight augmenta t ion of the r e s p o n s e to 
P H A o c c u r in the p re sence of V C (Tab le 3). A d d i t i o n of larger n u m b e r s of 
V C u p to 4 0 % of cul tured cells did not p r o d u c e any addit ive s t imula t ion 
(da ta not shown) . 

T a b l e 4. [ 3 H ] - t h y m i d i n e uptake of P B M or L L cocultured with a u t o l o g o u s V C for 6 davs 
( A M L R ) 

R e s p o n d e r s E x p . A u t o t r a n s f o r m a t i o n rate with V C SI 

P B M 1 0.38 ± 0 .02 b 0.75 ± 0.09 1.9 
0.40 ± 0.04 1.46 ± 0.10 3.6 

3 0.24 ± 0 .07 0.50 ± 0.20 2.1 
4 l 0.13 ± 0.01 0.38 ± 0.05 2.9 

L L 1 2.79 ± 0 . 1 0 7.54 ± 0.20 2.7 
i 0.97 ± 0 .30 3.80 ± 0.60 3.9 

J 10.5 x 103 mi tomycin C- t rea ted V C / w e l l . 
^ m e a n cpm of triplicate cultures x 10""' ± S D . 

P B M isolated on L y m p h o p r e p and subsequent ly enriched on Percoll gradient in o rder to 
e l iminate contaminat ing granulocytes . 

2 x 1 0 " responder cells were cultured in a final vo lume ot 0.2 ml in U - b o t t o m micro l i t e r plates 
with or without V C for 144 h. St imulat ion index (SI) was calculated dividing V C - s t i m u l a t e d 
r e s p o n s e bv auto t rans format ion value. [ 3 H ] - t h y m i d i n e incorporat ion in V C a d d e d per well 
w a s less than 100 c p m for all exper iments . 
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Table 5. [ 3 H]-thymid ine uptake of P B M cocultured with allogeneic V C for 6 days ( M L R ) 

Exp. Autotransformation rate with V C SI 

1 0.25 ± 0.04h 0.47 ± 0 . 1 3 1.9 
2 l 0.41 ± 0 . 0 5 1.45 ± 0.17 3.5 
3 0.74 ± 0 . 1 8 0.91 ± 0 . 0 8 1.2 
4C 0.39 ± 0 . 1 1 0.96 ± 0 . 1 0 2.5 

10.5 x 103 mitomycin C-treated VC/wcl l . 
l> mean cpm of triplicate cultures x 1 0 ~ 3 ± S D . 
1 P B M isolated on Lymphoprep and subsequently enriched on Percoll gradient in order to 

eliminate contaminating granulocytes. 

For culture and SI calculation details, see footnote to Table 4. 

VC as stimulators in the mixed leukocyte cultures 

A s pre sented in Tab le 4, V C s h o w e d the s t imula tory activity t o w a r d s 
a u t o l o g o u s P B M and L L dur ing the 6 - d a y mixed cul tures , with the mean 
SI = 2.6. H i g h e r cpm levels were observed in the cultures with a u t o l o g o u s 
L L , but d u e to their high a u t o t r a n s f o r m a t i o n rate, the relative s t imulat ion 
w a s of the s a m e range as in P B M . 

T h e p r e s e n c e of 5 % of V C was also suf f ic ient for the s t imulat ion of 
pro l i fe ra t ion of al logeneic b l o o d - d e r i v e d l y m p h o c y t e s (Tab le 5). T h i s 
s t imula t ion w a s better expres sed in exper iment s 2 and 4, w h e n re sponder 
p o p u l a t i o n s conta ined less g ranulocyte s after addit ional pur i f icat ion on 
Percol l . T h i s resulted in the re sponses of 3.5 and 2.5 t imes over the control 
value. 

Role of VC in the high reactivity of lymph cell population 

A f f e r e n t l y m p h cell p o p u l a t i o n was f o u n d s trongly reactive in terms of 
s p o n t a n e o u s and lect in-induced pro l i fera t ion . Dep le t ion of the w h o l e 
l y m p h cell p o p u l a t i o n of V C (purif ied L L fract ion conta ined less than 1 % 

Table 6. VC-media ted reconstitution of the responsiveness of L L 

Exp. Whole population L L L L + V C J 

PHA- induced tritiated 1 20.1 ± 0.73b 13.9 ± 1.00 26.6 ± 1.20 
thymidine uptake 2 30.3 ± 3.70 24.6 ± 3.46 35.8 ± 1.07 

3 18.8 ± 2.49 8.5 ± 0 . 9 0 23.4 ± 0 . 2 0 

Spontaneous tritiated 1 5.0 ± 0.57 2.8 ± 0 . 1 0 7.5 ± 0 . 2 0 
thymidine uptake 2 2.3 ± 0.19 1.0 ± 0 . 3 0 3.8 ± 0.60 

10.5 x 103 mitomycin C-treated VC/wel l . 
b mean cpm of triplicate cultures x 10~3 ± SD . 

Whole afferent lvmph cell populat ion, purified L L or L L + V C were cultured for 3 days with 
90 ug P H A / m l (PHA-induced proliferation) or for 6 days in culture medium alone (spontane-
ous proliferation). 
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of V C ) p r o d u c e d an evident decrease in its r e spons ivenes s to P H A as well as 
s p o n t a n e o u s p ro l i f e ra t ion (Tab le 6). Recons t i tu t ion with 10.5 x 103 V C per 
well (5 % of cells p re sent in the culture , whereas the percentage of V C in the 
w h o l e p o p u l a t i o n w a s about 6 % ) restored the re spons ivenes s of L L and 
even exceeded the initial levels. 

Discussion 

In the present s t u d y , we examined the i m m u n o l o g i c a l p r o p e r t i e s of 
vei led- l ike cells f r o m s tagnated l y m p h of d o g s with chronic l y m p h e d e m a . 
T h e l y m p h s t agna t ion prov ide s the unique s o u r c e of pure sk in-dra in ing 
a f ferent l y m p h cells which are easily obta inab le both instantly and in large 
quant i ty . Th i s s e e m s to be the m a j o r advantage of this m e t h o d , s ince the 
per iphera l l y m p h col lect ion in h u m a n s or large animals is t i m e - c o n s u m i n g 
and yields on ly l imited n u m b e r s of cells. O n the other hand, cannula t ion of 
d u c t u s thorac icus a f ter mesenter ic l y m p h a d e n e c t o m y , or i so lat ion of D C 
f r o m the skin or l y m p h n o d e s d o e s not lead to the recrui tment of pure 
per iphera l a f ferent l y m p h cell p o p u l a t i o n . 

T h e term veiled cell used in this paper should be regarded as a descr ipt ive 
f o rm for cells w h i c h , due to their dist inctive features , d i f fered m a r k e d l y 
f r o m the other cell t ype s in the af ferent l y m p h . T h e y were large, s t rongly 
D L A - c l a s s II po s i t i ve cells with characterist ic lobula ted nuclei and unique ly 
we l l -deve loped c y t o p o d i a . T h e y exhibited the activity of m e m b r a n e - a s s o c i -
ated A T P - a s e and non-spec i f i c esterase. T o g e t h e r with the potent 
i m m u n o s t i m u l a t o r y role of V C , these data general ly agree with the descr ip-
t ion of V C given by other au thor s (2, 6, 15, 16), and s t rongly s u g g e s t that 
the cell under s t u d y is a m e m b e r of the veiled cell popu la t ion . 

V C invest igated in our s t u d y s h o w e d the acces sory cell activity in 
m i t o g e n - i n d u c e d a u t o l o g o u s l y m p h o c y t e pro l i fera t ion . This o b s e r v a t i o n is 
cons i s tent with f ind ings on V C and L C in other species (9, 18, 19, 21) and 
on D C in d o g (23) . T h e acces sory activity of V C was evident for the 
r e s p o n s e of l y m p h o c y t e s i solated f r o m peripheral b l o o d and f r o m afferent 
l y m p h . T h e L L r e s p o n s e to P H A alone and to P H A + V C was higher than 
that of P B M . T h i s is in agreement with the results obta ined p r e v i o u s l y in 
o u r l abora tory (29). T h e r e m a y be var ious reasons for this fact , such as the 
h igher puri ty of l y m p h - d e r i v e d l y m p h o c y t e s (96 % vs 83 % in P B M ) , 
greater g r a n u l o c y t e contamina t ion of b lood-der ived re sponder cel ls , or the 
m o r e efficient c o o p e r a t i o n between V C and T helper l y m p h o c y t e subset 
(the O K T - 4 " p o p u l a t i o n is m o r e abundant in af ferent l y m p h than in b l o o d 
(30)) . F inal ly , the m o r e v i g o r o u s re sponse of L L as c o m p a r e d to their 
per ipheral b l o o d counterpar t s could be caused by the pers i s tance of a very 
l o w n u m b e r of V C in L L p o p u l a t i o n . A s reported by other a u t h o r s (9, 18, 
23) and c o n f i r m e d in the present s tudy , even extremely low n u m b e r s of L C , 
V C or D C (1 .25 - 3 X 1 0 7 0 . 2 ml culture) can s t imulate l y m p h o c y t e 
pro l i fera t ion . 
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In o u r , as well as in the other a u t h o r s ' invest igat ions concerning the 
funct ion of D C or m a c r o p h a g e s as accessor ) ' cells, the nature of the s ignal 
del ivered b y these cells ( s t imulat ion or inhibit ion) , is dependent on the 
culture c o n d i t i o n s (concentra t ion of cells , the d o s e of m i t o g e n , time of the 
culture) (15) . T h e st imulator)- effect , which is best accentuated when 
relatively l ow n u m b e r s of accessory cells are used , may b e c o m e inhibitory 
when their n u m b e r in the cul ture is increased . In our o p i n i o n , the inhibit-
ory effect of the addi t ion of a large n u m b e r of V C (133 x 1 OVwell - 40 % of 
cultured cells) to the m i t o g e n i c assays d o e s not c o r r e s p o n d to the inherent 
s u p p r e s s o r activity of these cells which might be expres sed in vivo, but is a 
reflection of n o n - o p t i m a l culture cond i t ions , when the n u m b e r of a d d e d 
V C indeed exceeds the phys io log ica l values . 

N o evident mi togen-pre sent ing funct ion of V C to a l logeneic l y m p h o -
cytes w a s f o u n d in o u r s t u d y . In t w o out of five cases , only a sl ight 
s t imulat ion of the r e s p o n s e was o b s e r v e d . Th i s observa t ion is contrad ic tory 
to earlier report s (21, 23) , and might indicate the requi rement of M H C -
compat ib i l i tv in order that maximal s t imula t ion can o c c u r in this cul ture 
sys tem. M o r e tests w o u l d a l low a m o r e accurate evaluat ion of this fact. 

The abil ity of l y m p h o c y t e s to re spond in A M L R is str ict ly dependent on 
the presence of l a -pos i t ive cells in the s t imulatory p o p u l a t i o n (31, 32) . 
There have been n u m e r o u s reports on D C as s t imula tor s of syngeneic and 
a u t o l o g o u s l y m p h o c y t e s in mixed cultures in the rat (22) , m o u s e (33), d o g 
(23) and h u m a n m o d e l s (32). T h e m o d e r a t e s t imulat ion of e f fector i m m u n e 
m e c h a n i s m s ( transplant re ject ion) bv the non-pr imed syngene ic D C w a s 
also obse rved in vivo in rat (20). Al ternat ive ly , in other s tudies , V C f r o m 
rabbits and D C f rom mice produced low or negat ive syngene ic s t imulat ion, 
which c o u l d be increased if the D C or ig inated f r o m sens i t ized individuals 
(15). O u r results s u p p o r t the former v iew, s h o w i n g that s t rongly M H C -
class I I -pos i t ive V C fulfi l l a s t imulator) ' funct ion in mixed cultures with 
both a u t o l o g o u s P B M and L L , wi thout anv e x o g e n o u s antigenic or 
mi togenic s t imuli . 

The presence of class II M H C molecules is also crucial for generat ing 
re sponses to a l loant igcns . V C , s trongly expres s ing these ant igens , and used 
as s t imula tors in M L R , p r o m o t e d the prol i ferat ion of a l logeneic P B M . A s 
a f o r e m e n t i o n e d , a small n u m b e r of V C ( s t i m u l a t o r / r e s p o n d e r ratio 1 :19) 
were ef fect ive . Th i s o b s e r v a t i o n is c o m p a t i b l e with the characterist ics of 
D C in rat, mice, d o g and human (22, 17, 23, IS , 32). A s demonstra ted in 
these s tud ies , D C are the s t ronges t s t imulators of a l logeneic M L R , effective 
in low n u m b e r s ( D C / r e s p o n d e r ratio 1 :10-100) , and no o ther cell tvpe (all 
n o n - T per ipheral b l o o d leukocytes , m a c r o p h a g e s , B or null cells) can 
subst i tute them in terms of the strength of a l lo s t imula t ion . 

O n e technical p r o b l e m that arises in the in vitro invest igat ion of V C 
funct ion is the purity of V C added to the l v m p h o c v t e cultures . In the 
exper iments s h o w n here, it ranged between " 4 - 8 3 H e n c e , some activity 
of contaminat ing cells cannot be excluded f r o m the results . H o w e v e r , the 
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p r e d o m i n a n c e of V C - l i k e cells in the s t imula t ing cell popu la t ion , together 
with the small n u m b e r of these cells added per well indicate the super ior 
role of V C in el icit ing the reaction of the r e s p o n d e r cells. Ana log ica l ly , the 
r e s p o n d e r cell p o p u l a t i o n s also conta ined the a u t o n o m o u s acces sory cells, 
n a m e l y m o n o c y t e s in P B M and s o m e c o n t a m i n a t i n g m a c r o p h a g e s in the 
a f ferent l y m p h l y m p h o c y t e s . T h e actual degree of this contaminat ion , being 
even less than 4 % , as de termined f r o m the s ta ined l y m p h cell s m e a r s , still 
p l a y s the func t iona l role in the mi togen ic a s says (the minimal acce s sory cell 
n u m b e r required f o r the re sponse of l y m p h o c y t e s to mitogen to occur is 
less than 1 % ) . In o u r assay s y s t e m , the presence of a u t o n o m o u s acces sory 
cells in the r e s p o n d e r p o p u l a t i o n s was reflected by the cons iderab le level of 
the r e s p o n s e to P H A in cultures n o n - s u p p l e m e n t e d with V C . H o w e v e r , the 
add i t ion of V C c a u s e d the m a r k e d augmenta t ion of P B M prol i ferat ion and 
re s tored c o m p l e t e l y the L L r e s p o n s e c o m p a r i n g to the w h o l e afferent 
l y m p h cell p o p u l a t i o n . T h e d y n a m i c s of these react ions show that V C are 
very eff icient in this respect . H e n c e , the poss ib i l i ty of s o m e di f ferences in 
the m e c h a n i s m of ful f i l l ing the acces sory funct ion between V C and «class i-O J 
cal» acces sory cells is not exc luded . 

In c o n c l u s i o n , the a b o v e - m e n t i o n e d proper t ie s of V C sugges t the active 
invo lvement of these cells in the sk in-as soc ia ted i m m u n e react ions in dog . 
T h e y a l so imply that the i m m u n o g e n i c i t y of the skin is dependent on the 
p r e s e n c e of L C - V C p o p u l a t i o n , since these cells m a y play an impor tant 
role as « p a s s e n g e r » cells in t ransplantat ion i m m u n i t y . 
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ABSTRACT 

A method is described for production of 
anti-veiled cell serum against veiled cells 
(VC) or dendritic cells obtained from canine 
skin lymph. By use of discontinuous Percoll 
gradient, VCfrom lymph were enriched to 
about 50% of the entire lymph cell 
population. After immunization of rabbits 
with the priming total dose of 10 VC 
(intramuscular, subcutaneous, intra-
cutaneous) and with the same total booster 
injection (intravenous), the sera obtained 
were cytotoxic mainly for VC, with cytotoxin 
titer 1:16-1:32 and for agglutinin 1:256-1:512, 
respectively. Antisera used in vitro blocked 
the I a and CD1 antigens of VC on smears 
and inhibited the accessory function of VC 
in cell response to phytohemagglutinin 
(PHA) and their stimulatory activity in 
mixed leukocyte reaction (MLR). In vivo, the 
local, intracutaneous administration of 
antisera led to transient depletion of \ C 
from afferent lymph, and to reduction of 
mononuclear cells in the T-dependent areas 
in regional lymph nodes. 

Several authors have suggested that the 
cells responsible for the initiation of allograft 
rejection are passenger cells (1). The 
effectiveness of the la-positive veiled 
passenger cells of the skin collected from 
afferent lymph in provoking allogeneic 
response and in initiating renal graft 

rejection has previously been described (2). 
A great deal of effort has been expended to 
eliminate these stimulatory cells from 
allografts . Nonetheless, treatment with total 
body irradiation, cyclophosphamide or anti-
lymphocyte serum have had only limited 
success in prolonging allograft survival (3,4). 
Whole organ prctreatment by simple 
flushing with anti-class II monoclonal 
antibodies (moAb) has increased survival of 
canine renal (5) and rat heart allografts (6). 
Recently, hemoperfusion with anti-la or 
anti-dendritic cell moAbs prior to intact 
pancreas allografting (7) and in vitro 
treatment of thyroid al lografts (8) has 
produced increased organ survival. 
However, the Langerhans cell-dependent 
antigen presenting function of epidermal 
cells is unaltered after intraperitoneal 
administration of anti-la moAb, as 
compared with spleen dendritic cells (9). 
Whether anti-la antiserum reduces the 
number of Langerhans cells in skin allograft 
is not known. Also, no data on the possible 
effects of specific anti-Langerhans cell 
serum arc available. There have been major 
problems with raising such antisera due to 
difficulties in obtaining sufficient numbers 
of dendritic cells from epidermis or afferent 
lymph. We have found, however, a method 
for harvesting large numbers of afferent 
lymph cells, adequate for immunization of 
antiserum producers. 

The purpose of the present study w as to 
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develop anti-veiled cell ant i serum and to 
character ize its effects in vitro and in vivo on 
skin L a n g e r h a n s cells and lymphocytes . 

MATERIALS AND METHODS 

Outbred dogs with chronic l ymphedema 
af ter surgical interruption of afferent lym-
phat ics were used as lymph cell donors (10). 

Collection of Lymph Cells 

L y m p h (~25-70ml) w a s collected from 
di lated skin lymphatics by direct 
percutaneous puncture. It contained 
lymphocytes , veiled cells and some 
granulocytes and m a c r o p h a g e s . The total 
cell number was 2-5x107 . l c k were veiled 
cells (migrat ing Langerhans cells), 4c/c 
m a c r o p h a g e s , 19c/c granulocytes and 7()9r 
lymphocytes . 

Enrichment of Veiled Cells (VC) 

Five different concentrat ions of isotonic 
Percoll in RPMI 1640 m e d i u m with 109J-
fetal calf serum (Gibco) were prepared 
(38c/c, 44r/r, 50.8<7r, 559r, 66.7 r/r). After 
layering of 2ml volumes of Percoll solution, 
2ml of a lymph cell suspens ion in RPMI 
1640 medium with 10r/r F C S was placed on 
the top and spun down at room temperature 
at 5()0xg for 30 min. Low density interface 
cells were collected and washed with 
med ium. This latter populat ion enriched to 
about 509<- V C also conta ined lymphocytes . 
High density interface cells were pure 
lymphocytes (11). 

Immunization Procedure 

T h e priming total dose was 10 veiled 
cells from a low density cell populat ion 
suspended in 3ml of P B S and then 
emuls i f ied with an equal vo lume of complete 
F reund ' s adjuvant (Difco) . T h e 2ml portions 
were injected subcutaneouslv , intra-
cutaneously and intramuscular ly into a 
rabbit. A total booster injection of 10 veiled 
cells in 3ml of PBS was adminis tered 
intravenously 3 weeks later (3x in 1ml 

portions, every other day). Rabbits were 
sacrificed 7 days after the last injection and 
sera were collected. They were aliquoted, 
stored in -20~C a n d decomplemented before 
using ( 5 6 ° C for 30 min). A part of sera was 
absorbed with allogeneic lymphocytes from 
the canine lymph nodes (2:1) for 2 h at 4 C C 
and next for 30 min at 3 7 ° C . 

Cytotoxic Titer 

Serum cytotoxic titer was checked 
against the veiled cell enriched population 
and high density cells. Cells adjusted to the 
concentration of 2xl0 7 /ml of R P M I 1640 
medium were placed in microculture plate 
in the vo lume of 25|il, mixed with 50|il of 
sera dilutions and incubated at 3 7 ° C for 45 
min. Then 5()fjl of diluted 1:15 rabbit 
complement (Behring) was a d d e d and cells 
were incubated for 45 min. T h e cell viability 
was evaluated by 0.29c t rypan blue exclusion 
after mixing 1:1 with the cell suspension. 
Agglutinin titers were checked by light 
microscopy s imultaneously . 

Effect of Antisera on the Expression of la 
and T6 Antigens on Veiled Cells 

Cytosp ins fixed in cold acetone for 1 
min were incubated for 30 min with 
antiserum or with normal rabbit scrum as 
control (both diluted 1:5). Then cytospins 
were incubated with mouse an t i -HLA-DR 
and anti-T6 ( C D 1 ) monoclonal antibodies 
(Dakopat t s , diluted 1:20) for 30 min. Rabbit 
anti-mouse IgG. alkal ine phosphatase-anti 
alkaline phospha ta se ( A P A A P ) complex, 
alkaline phospha ta se (AP)-substratc ( D a k o ) 
and Mayer ' s hematoxylin were used for 
visualizing cross-reactivity with canine DR 
and C D 1 antigens . 

Effect of Antisera on the Reactivity of 
Lymph Cells in Culture 

Culture medium consisted of RPMI 
1640 medium supplemented with lOmM 
Hcpcs buffer. 2(Fr F C S . 100 L'/ml penicillin 
and streptomycin (Gibco) and 2mM L-
glutamine (Flow). Whole lymph cells or high 
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density cells f rom Percoll gradient (2x10' ) 
were cultured in 0.2ml medium, both with 
and without normal rabbit serum or 
antisera, diluted to a finał concentration 
from 1:8 to 1:96 in the presence or absence 
of PHA (Wellcome HA15, 90^g/ml). 
Cultures were performed in triplicate and 
incubated for 72 h in humidified atmosphere 
of 59r CO, in air. T wenty hours before the 
culture termination, 100|il of medium was 
replaced by equal volume of fresh medium 
in culture and 0.4f jCi o f ' H-thymidine 
(Amersham, 2 C i / m M ) was added. 
Radioactivity was measured on glass fiber 
filters in Permafluor cocktail (Packard) . To 
investigate the direct influence of antisera 
on the veiled cells only, the Iow density cells 
(2xlO J) were preincubated with the 
respective dilutions of antisera or normal 
rabbit serum for 45 min at 37 °C in 
microculture plate. After washing by plate 
centrifugation and removing of medium the 
high density cells were added (2x l0 5 ) and 
cocultured with or without PHA for 72 h. To 
investigate the effect of antisera on activity 
of V C in a 6 day mixed leukocyte reaction 
(MLR) , whole lymph cells were cultured 
with or without 5% V C from the Percoll 
gradient enriched population. Subsequcntly 
cells were preincubated with mitomycin C 
(S igma) used at a concentration of 40(jg/ml 

for 40 min at 37 C. Control monoclonal 
antibodies Dakopatts : an t i -HLA-DR 
(M704), anti-T6 (M721), ant i-macrophages 
(M718) were used in a finał concentration of 
1:50 and 1:100. 

Effect of Antisera on VC Outflow from 
Afferent Lymph 

Lymph was obtained from a cannulated 
afferent lymph vessel of the hindlimb 
adjacent to the saphenous vein and collected 
continuously for 90 min (control) before 
intracutaneous injection of normal rabbit 
serum or anti-VC serum (1 ml, diluted 1:1 
with 0.9% NaCl) , and for the next 150 min 
after injection, at 30 min intervals. The 
outflow of lymph cells, including VC, was 
measured. 

Effects of Antisera on Lymph Nocie 

Seventy-two and ninety-six hours after 
two and three, respectively, intradermal 
injections in the dorsum of the paw of lml 
anti-veiled celi antiserum or normal rabbit 
serum (dilutions 1:1), popliteal lymph nodes 
were harvested and fixed in 4% formalin. 
Histological sections were stained with 
hematoxylin-eosin and evaluatcd 
microscopically. 
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Fig. 1. Effect of anti-VC sera on lymph cell (LC) response to PHA expressed as percent of reactivity in 
presence of normal rabbit serum in culture. (A WLC; ( )) HDC; (0) H DC supplemented with 5ft VC 
preincubated with anti-VC serum for 45 min before the onset of the culture. Results are represented 
as mean percentages ± SD of control cultures, which were supplemented with adequate dilutions of 
normal sera. 

RESULTS Preincubation of cell smear s with 
antisera before detection of Ia and T6 

Cytotoxin and Agglutinin Titers antigens w ith monoclonal antibodies led to 
blocking of these surface antigens, as 

The raised antisera were mainly compared with normal rabbit serum (data 
cytotoxic for veiled cells (20-40ft of dead not shown). ' 
cells), whereas lymph lymphocytes were 
comparatively resistant (10f t of dead cells) Lymph Cell Activity in Culture with Antisera 
(Table 1). Antisera showed a high titer of and MoAb 
agglutinins (1:256-1:512) and of cytotoxins 
(1:16-1:32). Control normal rabbit scrum Antisera added to the culture inhibited 
was not cytotoxic and agglutinated only low whole lvmph cell response to PHA to about 
density cells (titer 1:8). After absorption w ith 30ft of their response in the presence of 
allogeneic lymphoid cells, antisera showed normal rabbit serum (Fig. 1). When veiled 
decreased agglutinin titers, but were still cells were pretreatcd w ith antisera before 
cytotoxic for veiled cells (O-lOft of dead adding lymphocytes to the culture, the 
cells). inhibitory effect of antisera w as still 

observed (80ft of cell response as compared 
Expression of la and T6 (CD1) Antigens on to normal rabbit scrum). St imulatory 
Veiled Cells activity of V C in MLR was blocked by 
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Asicn i 1 : 1 0 0 
D i l u t i o n 

1:50 

C o n t r o l s c r u m 
A n t i - V C s c r u m 
A n i i - I a m o A b 
A n t i - T 6 m o A b 
A n l i - M Q * m o A b 

I 1 5 . 7 1 3 0 . 0 
4 0 . 3 1 2 6 . K 
7 2 . 4 1 2 7 . 0 
9 4 . 4 1 2 2 . 5 

1 0 0 . 6 1 2 1.0 

1 4 1 . 0 1 2 I.I 
6 6 . 4 1 4 ' 9 . 2 
6 5 . 7 1 1 6 . S 
1 0 9 . 7 1 3 4 . 3 
1 0 1 . 4 1 2 7 . 1 

" m a c r o p h a g e 

/•7s;. 2. Effect ofanii-YC' s era on in vivo \'(' out flow from afferent lymph expressed as percent of \( in 
whole lymph cell population. Collection of lymph samples and cell counts were performed in M) rnin 
intervals before (shaded area) and a fter the subcutaneous injection of normal serum ( and ami- \ ( 
serum (A). 

antiscra and by anti-la moAb as compared 
with normal rabbit scrum and control anti-
T6 or ant i -macrophagc moAbs (Table 2). 

Effect of Antiscra on \ 'C Outflow In Vivo 

Antiscra were able to reduce the outflow 
of V C for 150 min af ter intradermal 
injection as compared w ith normal rabbit 
serum (Fig. 2). leaving the traf f icking of 
lymphocytes thereafter a lmost intact. 
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Fig. 3. Photomicrograph ofa lymph node after intradermul injection of anti-veiled celi (\ C) serum, a: 
normal rabbit serum; b: two doses of ant i- \ C serum; c: three doses of ant i- \ C serum (x250). Sote the 
marked reduction of mononuclear cells in the T-dependent areas with sparing of the follicles after 
injection of ant i- \ C sera (b and c). 
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Histological Changes in Regional Lymph 
Node 

Intradermal injection of anti-veiled cell 
antiserum reduced mononuclear cells in the 
T-dependent a reas and spared follicles in 
the regional lymph node in a dose 
dependent fashion. Normal rabbit serum did 
not produce any changes (Fig. 3). 

DISCUSSION 

The presence of interstitial dendritic 
cells in non-hematopoietic tissues has many 
implications for organ grafting (12,13). 
Mature dendritic cells constitutive!} express 
high density class II antigens and st imulate 
allogeneic T cells very effectively. Depicting 
dendritic cells from the transplanted organ 
would render the host immune system 
relatively unresponsive to the graft . In skin 
transplantation, the use of Langerhans cell-
free cultured epidermal allografts delays but 
does not obviate graft rejection (14,15). On 
the other hand, the presence of Langerhans 
cells is not sufficient to induce rejection. A 

necessary step involves induction of Ia on 
other epidermal cells (keratinocytes) and 
rejection is blocked by treatment of the host 
with reagents that interfere with the 
induction of class II antigens (16). 

The rationale for using anti-la moAb 
was to eliminate or prevent la-positive cells 
from interacting with resting T lymphocytes. 
Perry and Williams (17) demonstrated that 
survival of skin al lografts transplanted 
across multiple minor or class I, but not 
class II barriers, was significantly prolonged 
bv anti-la moAb treatment of recipients, and 
was associated with the development of 
specific suppressor T cells. In the case of 
dogs. Fuller et al (18) postulated that the 
presence of canine natural antimouse IgG, 
can markedly influence the biologic effects 
of in vivo administered moAbs. 

In this study, we developed a 
xenogeneic anti-veiled cell antisera by using 
veiled cells (VC) from afferent stagnant 
lymph ( lymphedematous dog hindlimbs). 
Sera were cytotoxic for V C in vitro, blocked 
their Ia and CD1 surface antigens and 
inhibited VC stimulatory and accessory 
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funct ions in culture. L a d i g e s et al (19) 6. 
reported that la-like an t i gens on canine 
monocytes involved in M L R were cross-
reactive with ant i -human c l a s s II m o A b s . 
We used a s a control cross-react ive m o u s e 
an t i -human moAbs ( D a k o ) aga ins t H L A - D R 
and C D 1 antigens. T h e anti-vei led cell sera 
developed by us reduced the outf low of V C 
f rom af ferent lymph a f ter in t radermal 8. 
admini s t ra t ion leaving the t ra f f i ck ing of 
lymphocytes thereafter largely unaf fec ted . 
Deplet ion of T-dependent a r e a s in lymph 
nodes with spar ing of fol l icles with use of 
the anti-veiled cell sera s u p p o r t s that this 9-
ant i se rum was directed pr imar i ly if not 
exclusively against dendri t ic cells and T 
lymphocytes . Moreover, our demons t ra t ion 
that paracort ica l a reas were depleted is 
consistent with results of H a y et al (20) a f ter io. 
local injection of ant i lymphocyte serum. By 
arres t ing the migration of L a n g e r h a n s cells 
f rom gra f t into lymphoid t i s sue or their 11-
matura t ion into immunos t imula tory veiled 
cells, a new strategy for overcoming 
a l lograf t rejection is ra i sed by using ant i sera 
aga ins t these immunoreac t ive cells. j 2 
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Abstract 

A panel of anti-human antibodies was used in order to investigate their cross-reactivity with 
canine leukocytes. The labeling was carried out at the microscopic level by immunocytochemical 
staining. Of 50 antibodies 22 cross-reacted with canine leukocytes from afferent lymph and 
peripheral blood. Ali leukocytes reacted with MHM23 (CD 18). Two anti-HLA DR antibodies, 
DK22 and L243, reacted mostly with veiled cells and with PHA-stimulated lymphocytes, whereas 
TAL1B5 was cross-reactive with all canine lymphocytes. The activation markers CD25, Ki-67, 
PCNA were identified on PHA-stimulated lymphocytes with ACT1, Ki-67 and PC 10 clone 
produced antibodies. Canine eosinophils reacted with MHM6 (CD23) antibody. A large number of 
antibodies reacted with canine lymph veiled cells. Canine granulocytes and a subset of lympho-
cytes were stained with the anti-CD15 antibody only after treatment of cytospins with neu-
raminidase. 

Keywords: Canine leukocytes; Human CD-antibodies; Cross-reaciivity 

1. I n t r o d u c t i o n 

D o g s are wide ly used for transplantation s tudies . They prov ide an excel lent mode l for 
al lograft f o l l o w up studies and s tudies of i m m u n o s u p p r e s s i v e intervention. The re ject ion 
process o f a l l o g r a f t s is mediated by recipient leukocytes . Unl ike those of man and 
mouse , canine leukocytes can be poorly character ized , because only l imited number s o f 
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monoclonal antibodies ( m A b ) to their antigens are available (Abbas s i et al., 1991; Hotzl 
et al., 1991; Gebhard and Carter, 1992; Dani lenko et al., 1992; Moore et al., 1992; Y a n g 
et al., 1994). Recently, the first workshop on canine leukocyte antigens has a l lowed the 
identification and characterization of a set o f anti-canine m A b that enable the extension 
of immunological research in the dog (Cobbo ld and Metca l fe , 1994). However , the 
specif icit ies of these antibodies are still not elear enough to identify the canine 
equivalent of human C D antigens. For instance, canine C D 4 antigen was detected at 
high levels on granulocytes and M H C c las s II antigens were found on all canine 
leukocytes. Many groups have been using cross-reactive commercia l anti-human reagents 
to identify canine leukocyte antigens (Marchal et al., 1993; Chabanne et al. , 1994). 
These antibodies were appl ied for flow cytometry of canine peripheral blood leukocytes 
and for immunohistological staining of dog thymus, lymph node, kidney and skin. 

In the present study we have screened monoclonal and polyclonal antibodies reacting 
with human leukocytes for their cross-reactivity with canine leukocytes on cytospins 
using immunocytochemical methods. The cells from dog skin afferent lymph (containing 
lymphocytes and the migratory form of Langerhans cells — veiled cel ls) ( G a ł k o w s k a et 
al., 1989), peripheral b lood and blasts after culture of lymph cells with P H A were used. 

2. M a t e r i a ł a n d m e t h o d s 

2.1. Dogs 

Outbred dogs with chronic lymphedema after surgical interruption of hind limb 
afferent lymphatics served as the peripheral blood and skin lymph donors (Olszewski et 
al., 1968). 

2.2. Canine celi handling 

Cel l s were isolated as described (Dąbrowski et al., 1989). Br ie f ly , lymph was 
collected by the percutaneous puncture of dilated lymphatics , into tubes with 10 IU 
m l " 1 of heparin (Novo) . Cel l s were washed twice and resuspended in M E M (Gibco) . 
B lood was drawn into tubes with heparin and after dilution 1:2 with 0 . 9 % NaCl was 
layered over Lymphoprep (Nyegaard) and spun down at 250 g for 30 min. Ce l l s from 
the interface were col lected, washed three times and resuspended in M E M . PHA 
stimulation was performed in tubes. Total volume was 2 ml of R P M I 1 6 4 0 (Gibco) 
supplemented with 100 U m l - 1 of penicillin. 100 |xg m l - 1 of streptomycin, 2 mM 
L-glutamine and 2()r/ć of decomplemented fetal calf serum (Gibco) . Ce l l s adjusted to 
3 X 106 2 m l - 1 were cultured with 180 ^ g PHA ( H A 1 5 . Wel lcome) for 48 h in the 
humidif ied atmosphere of 5 % C O : in air at 37 C C. After culture cells were washed twice 
and resuspended in M E M ( 1 0 6 m l - 1 ) . 

2.3. Immun o cyt och cmistry 

Antibody binding w a s detected with the A P A A P technique ( D A K O ) using pres iously 
described methodology (Gałkowska et al.. 1995). Briefly. the cytospins were f ixed with 
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acctone and incubated with normal goat serum ( 1 / 5 ) for 3 0 min. Next , the cytospins 
were incubated with mouse m A b (diluted 1 / 5 or more ) for 30 min, with goat 
ant i-mouse I g G ( D a k o ) diluted 1 / 1 0 0 with 10% normal d o g serum for 30 min and for 
another 30 min with mouse A P A A P ( D a k o ) diluted 1 / 5 0 . Then, the AP-substrate w a s 
appl ied for 15 min, and finally the cytospins were stained with M a y e r ' s hematoxi l in. 
The staining w a s performed at room temperature ( 2 2 ° C ) with T B S bu f fe r as washing 
agent. For s ta ining with polyclonal rabbit antibodies the cytospins were incubated with 
normal swine serum and after binding of rabbit antibody the biothylated swine anti-rab-
bit I g G ( D a k o ) diluted 1 / 3 0 0 with 10% normal dog serum w a s used. Next , the 
Ap-streptavidin ( D a k o ) diluted 1 / 8 0 0 and AP-substrate were applied. For staining with 
rat anti-human C D 4 9 f antibody the normal rabbit serum, rabbit anti-rat I gG ( D a k o ) 
diluted 1 / 5 0 and r a t - A P A A P ( D a k o ) diluted 1 / 5 0 were used. Treatment with neu-
raminidase ( V i b r i o cholerae, C a l b i o c h e m , 1 U m l " 1 of buf fer pH 5.5 , containing 4 m M 
C a C l 2 , 50 m M N a O A c , 154 m M N a C l ) was carried out on acetone f ixed cytospins , by 
incubation with 100 jjl 1 of enzyme for 1 h at 3 7 ° C . Next , the a n t i - C D 1 5 m A b w a s 
appl ied. Working dilutions of reactivity with canine cel l s m A b are listed in Table 3. 

3 . R e s u l t s a n d d i s c u s s i o n 

Of the 5 0 anti-human Abs , 22 cross-reacted with canine leukocytes and these are 
listed in Tab le 1. T h e non-cross-reacting Abs are shown in Tab le 2. The canine cellular 

Tablc 1 
Anti-human leukocyte antibodies that are cross-rcactivc with dog leukocytes 

CD/antigcn Clone Isotype Origin 

CD la NA 1/34 IgC.2a Dako 
CD 14 TUK 4 IgG2a Dako 
CD 15 a C3D-1 lgM Dako 
CD 18 MHM 23 IgG 1 Dako 
CD 23 MHM 6 IgG 1 Dako 
CD 25 ACT-l IgG 1 Dako 
CD 45RO UCHL 1 IgG2a Dako 
CD 45RB PD7/26 IgG 1 Dako 
CD 49d HP2/1 IgG 1 lmmunotech 
CD 49e 5AMI IgG2b Immunotech 
CD 49f GoH3 IgG2a lmmunotech 
CD 54 84HI0 IgG 1 Immunotech 
CD 58 L306.4 lgG2a Bccton Dickinson 
CD 68 Ber-M AC3 IgG 1 Dako 
Ki-67 Ki-67 IgG 1 Dako 
PC NA PC 10 lgG2a Dako 
HLA DR DK 22 IgG2a Dako 

CR3/43 IgG 1 Dako 
TAL.IB5 IgG 1 Dako 
L 243 IgG2a Becton Dickinson 

S-100 protein Dako 
fibronectin Dako 

a Positive staining after treatment of cytospins with neuraminidase. 
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speci f ic i t ies for v a r i o u s anti-human antibodies are presented in Tab le 3. Interestingly, 
the m A b against C D 15 stained canine granulocytes and a subset of l y m p h o c y t e s only 
after treatment o f cytosp ins with neuraminidase ( V i b r i o cholerae) . T h i s has been 
reported previous ly by R o s s and coworkers ( R o s s et al. , 1994) for human Langerhans 
cel l s . T h e activation markers C D 2 5 , K i -67 , P C N A were identif ied on PHA-s t imula ted 
lymphocytes with A C T - 1 , Ki-67 and P C 10 clone produced antibodies . Our positive 
results of the cross-react ivi ty of M H M 2 3 ( C D 18) are in agreement with those of 
Marchal and c o w o r k e r s (Marchal et al., 1993) and C h a b a n n e and coworker s (Chabanne 
et al. , 1994). W e a l so conf irmed that m A b s against O K T 6 and L e u 6 ( C D 1 ) did not 
cross-react with d o g C D 1 (Marchal et al., 1993; C h a b a n n e et al., 1994) , but we found 
that N A 1 / 3 4 ( C D l a ) A b reacted with canine lymph vei led cells . T h e s e cel l s also 
reacted with po lyc lona l anti-S 100 protein Ab , H P 2 / 1 ( C D 4 9 d ) , 5 A M I ( C D 4 9 e ) and 
G o H 3 ( C D 4 9 f ) m A b s . Subset s of veiled cells reacted with T U K 4 ( C D 14), 8 4 H 1 0 

Table 2 
Anti-human leukocyte antibodies that are non-cross-reactivc with dog leukocytes 

CD/antigen Clone Isotype Origin 

CD 1 T 6 IgCl Ortho Diagnostic 
SK 9 IgG2b Becton Dickinson 

CD 2 MT 910 IgGI Dako 
CD 3 UCHT 1 IgGl Dako 

f T3-4B5 IgGI Dako 
CD 4 MT 310 IgGl Dako 
CD 8 DK 25 IgGI Dako 
CD 1 la MHM 24 IgGl Dako 
CD 1 lb 2LPMI9c IgGl Dako 
CD l ie KB 90 IgGl Dako 
CD 29 K 20 IgG2a Dako 
CD 43 DF-T1 IgGl Dako 
CD 44 L 178 IgGl Becton Dickinson 
CD 45 T29/33 IgGl Dako 
CD 45RA 4KB5 IgGl Dako 

L 48 IgGl Becton Dickinson 
CD 45RO OPD 4 IgGl Dako 
CD 49d P4G6 IgG3 Dako 
CD 49c P1D6 IgG3 Dako 
CD 54 LB 2 IgG2b Becton Dickinson 

6.5 B 5 IgGl Dako 
CD 68 EBM 1 I IgGl Dako 

KP 1 IgGl Dako 
CD 69 L 78 IgGl Becton Dickinson 
CD 71 Ber-T9 IgGl Dako i 
Collagen IV CIV 22 IgGl Dako 
Lam in in 4C7 IgG2a Dako 
Dcndntic reti R4/23 IgM Dako 
culum cell t 
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( C D 5 4 ) , L 3 0 6 . 4 ( C D 5 8 ) , B e r - M A C 3 ( C D 6 8 ) and U C H L 1 ( C D 4 5 R O ) m A b s . Can ine 
eosinophils reacted with M H M 6 ( C D 2 3 ) m A b . All leukocytes reacted with M H M 2 3 
( C D 18), P D 7 / 2 6 ( C D 4 5 R B ) and anti-fibronectin A b s . The a n t i - H L A D R antibodies 
( D K 2 2 , L 2 4 3 ) reacted most ly with canine vei led cel l s and with PHA-s t imula ted 
lymphocytes . T h e C R 3 / 4 3 m A b also reacted weakly with a subset o f lymphocytes , and 
T A L 1 B 5 w a s cross-react ive with all canine lymphocytes . Our prev ious ( G a l k o w s k a et 
al., 1992) and recent ( G a l k o w s k a et al., 1995) s tudies demonstrate the u s e f u l n e s s of 
some of these A b s cross-react ive with dog antigens in in vitro cel lular a s s a y s . Appl ied 
by us in M L C anti-DR ( D K 2 2 ) m A b brought about a 5 0 % reduct ion of canine 
lymphocyte proliferation, whereas control m A b ant i -CD l a (N A 1 / 3 4 ) and ant i -CD68 
( E B M 1 1 ) had no effect . In a 4 h as say for cluster formation by lymph ve i led cel l s with 
autologous lymphocytes we observed a s ignif icant reduction o f cell b inding in the 
presence o f ant ibodies an t i -CD54 (84H10) , - C D 5 8 ( L 3 0 6 . 4 ) and f ibronectin. Other 
reactive with canine cells m A b (ant i -CD 18; C D 4 9 d , e , f ) had adhesion promot ing activity. 
Control ant ibodies anti-CD l a , - S - 1 0 0 protein and - D R ( T A L . 1 B 5 ) had no e f f ec t on cell 
binding. 

Table 3 
Reactivity of canine leukocyte antigens with anti-human leukocyte antibodies 

CD/antigen Clone Dilution Cellular specificity 

CD la NA1/34 1/10 v c a-b + + 
CD 14 TUK4 1/10 Subset VC + 
CD 15 C3D-1 1/10 Neutrophils and subset LY c + + 
CD 18 MHM23 1/500 All leukocytes + + + 
CD 23 MHM6 1/10 Eosinophils + + 
CD 25 ACT-1 1/10 PHA blasts + + 
CD 45RO UCHL 1 1/10 Subset Ly + , subset VC + + 
CD 45RB PD7/26 1/10 All leukocytes + 
CD 49d HP2/1 1/100 VC + + + , subset LY + + 
CD 49e 5 AM1 1/10 VC + + + 
CD 49f GoH3 1/10 v c + + 
CD 54 84H10 1/10 Subset VC + + 
CD 58 L306.4 1/10 Subset VC + + 
CD 68 Ber-MAC3 1/10 Subset VC + + 
Ki-67 Ki-67 1/20 PHA blasts + 
PCN'A PC 10 1/60 PHA blasts + + 
HLA DR DK 22 1/20 VC + + 

CR3/43 1/10 VC + + . subset LY + 
TAL.1B5 1/10000 VC and LY + + + 
L243 1/20 VC + + + 

S-100 protein 1/100 v c + + + 
Fibronectin 1/600 All leukocytes + + 4-

1 VC, veiled cells. 
b + + -;-. strong; -f-
c LY. lymphocytes. 

+ . intermediate, - . weak reactivity. 
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A NOVEL M O N O C L O N A L A N T I B O D Y SPECIFIC FOR LYMPH DENDRITIC CELLS 

H. G a l k o w s k a , W.L .O lszewsk i , B . l n t e r e w i c z ' A .Porebska and U . W o j e w o d z k a 
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Polish A c a d e m y of Sciences, W a r s a w , ' I ns t i tu te of B io techno logy and An t ib io t i cs , 
Warsaw , Poland 

INTRODUCTION 

Several au tho rs have sugges ted that the cel ls respons ib le for the in i t ia t ion of 
a l lograf t re jec t i on might be the passenger cel ls. The e f f ec t i veness of the la-posi t ive 
dendr i t ic cel ls (DC) co l lec ted f r o m sk in a f fe ren t l y m p h in p rovok ing al logeneic 
response and in in i t ia t ing renal g ra f t re jec t ion has been descr ibed (1). A great deal 
of e f for t has been prov ided to e l im ina te such s t imu la to r y cel ls f rom a l lograf ts . 
Cl inical and i m m u n o h i s t o c h e m i c a l f ind ings ind ica te that a l logra f ts of cu l tu red 
epi thel ia devo id of LC are re jec ted and ep i the l ia l a l l og ra f t s are repopu la ted by host 
LC (2). The possib i l i ty that the p rocess ing of g ra f t an t igens by rec ip ient DC might 
be impo r tan t as the indirect a l l o recogn i t i on w a s suges ted (3). It is notab le that af ter 
iso- arid alio- g ra f t ing of skin the ep iderma l LC mig ra te into the dermis. It was also 
seen in an o rgan cul ture mode l where the cel ls con t i nued to migra te into the 
cul ture m e d i u m (4). 
The need for m A b s that are spec i f i c for DC and b lock their f unc t i ons is ev ident . 
Many of an t igens expressed on sk in DC ( C D 8 0 / B 7 - 1 . C D 5 4 / I C A M 1 , C D 5 8 / L F A 3 , 
C D 2 9 , C D 4 0 , CD1 a, C D 4 5 , M H C c lass l l ) have broad cel lular d is t r ibu t ion w h i c h 
l imit their use fu lness as marke rs for DC. The m A b O X - 6 2 w a s raised against DC 
obta ined f r o m rat l ymph, but th is m A b did not label all c lass ica l DC and reacted 
w i t h sk in rlo T cells (5). This m A b had no e f fec t on the MLR b e t w e e n CD4 cel ls 
and DC s t imu la to rs . In humans , the m A b C M R F - 4 4 w a s ra ised against an early 
ac t i va t i on an t igen expressed on DC iso la ted f r o m blood and tons i l , but not 
de tec tab le on LC (6). The p resence of C M R F - 4 4 m A b did not a f fect DC func t ion 
in the MLR. Other human DC-assoc ia ted sur face marke rs C D 8 3 (7) and CD24 (8) 
also did not act on intercel lu lar adhes ion, as c lus ter f o r m a t i o n b e t w e e n ant igen 
present ing cel ls and T l y m p h o c y t e s . A l t h o u g h t DC i m p o r t a n c e as the mos t 
e f fec t i ve cel l invo lved in the in i t ia t ion of p r imary i m m u n e responses has been 
d e m o n s t r a t e d , no DC-spec i f i c marker w h o s e exp ress ion could be regulated 
pharmaco log ica l l y has been iden t i f ied . 
The purpose of our s tudy w a s to genera te DC-spec i f i c monoc lona l ant ibod ies usefu l 
for DC iden t i f i ca t i on and reduc t i on of their ab i l i ty to present a l loant igens to T 
l y m p h o c y t e s . 

M A T E R I A L A N D METHODS 

Dogs 

Outbred dogs w i t h chronic l y m p h e d e m a after surg ica l i n te r rup t i on of hind l imb 
af ferent l ympha t i c s served as sk in l ymph d o n o r s 

Collect iOn of l ymph 
Lymph w a s obta ined by d i rect pe r cu taneous p u n c t u r e of d i la ted l ympha t i c and 
co l lec ted in to plast ic tubes w i t h hepar in so lu t i on (10 U ml. Novo Industr i , 
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Copenhagen , Denmark ) . T h e average l y m p h cel l c o n c e n t r a t i o n was 4 . 4 ± 3 . 7 x 1 0 6 

/m l . The percentage of ce l ls w i t h dend r i t i c mo rpho logy w a s 6.5 ± 2 . 6 and of 
l y m p h o c y t e s 82 .7 ± 9 . 2 . Eos ino f i l s and mac rophages c o m p r i s e d 10.7 ± 6 . 7 % of 
cell popu la t ion . 

Immun i za t i on and f u s i o n 
T w o fus ions were p e r f o r m e d us ing S P 2 / 0 mye loma cel ls and sp lenocy tes f r o m 
BALB/c mice immun i zed w i t h DC f r o m l y m p h enr iched to abou t 5 0 % on a 1 2 % 
Mo t r i zam ide grad ient . M i c e w e r e i m m u n i z e d mt raderma l l y w i t h 2x1 0 3 DC m ixed 
w i t h a comp le te ad iuvan t of Freund, t h a n t w i c e w i t h DC g i ven i.p. and boos ted 
w i t h DC i .v. on day - 3 . O n d a y 0 m ice w e r e sacr i f i ced and thei r sp lenocy tes we re 
f rozen. The SP2/0 m y e l o m a cel ls w e r e f rozen as sp lenocy tes . For fus ion 
s p ' e n o c y t e s were m i x e d w i t h the S P 2 / 0 cel ls at a ratio 1 0 : 1 , cen t r i fuged and fused 
using 5 0 % po lye thy lene g l y c o l 1 5 0 0 (S igma) in PBS for 9 0 sec at 37CC. Fusion 
w a s s toped and cel ls w e r e cu l t u red in m e d i u m cons is t i ng of RPMI 1 6 4 0 , 1 0 % 
d e c o m p l e m e n t e d FCS (S igma) , 2 m M L -g lu tam ine , 1 m M s o d i u m pyruvate and 2 % 
HAT (Sigma). Than 2 x 1 0 4 ce l ls w e r e p l a ted together w i t h the equal number of 
mouse per i toneal m a c r o p h a g e s and c u l t u r e d for 7 days in 9 6 - w e l l f l a t - b o t t o m e d 
p la tes (Nunck , Naperv i l le , IL). T h a n the cel ls we re fed w i t h HT med ium (Sigma) and 
c loned by l imi ted d i l u t i on be fo re sc reen ing the cul ture superna tan ts . 

H y b r i d o m a screening 
T w o assays were used to se lect h y b r i d o m a of in t rest . Sec re t i on of DC spec i f i c 
immunog lobu l i ns w a s t e s t e d by ELISA us ing the DC-der ived ant igen, an t i -mouse 
Ig an t ibod ies c o n j u g a t e d w i t h pe rox idase (Sigma) and te t rame thy lbenz id ine 
subs t ra te . Select ive b ind ing of an t i bod ies to l ymph DC w a s eva lua ted by 
i m m u n o c y t o c h e m i s t r y (see b e l o w ) . 

Pur i f i ca t ion of m A b s 
T w o pos i t i ve for DC of 3 0 sc reened h y b r i d o m a s (DC- l l l /2 and DC-2) and con t ro l 
an t i -v i rus clone (VI I /1) w e r e cu l t u red for Ig p roduc t ion and pur i f i ca t ion . I m m u n o 
Type Kit (Sigma) w a s used for d e t e r m i n a t i o n of m A b i so t ypes . The m A b s wore 
p rec ip i t a ted w i th 5 0 % s a t u r a t e d ( N H . ) , S 0 o cen t r i f uga ted and d issolved in PBS and 
than pur i f ied using p r o t e i n A (Pharmac ia Biotech, S w e d e n ) . For the func t i ona l 
s tud ies the mAb so lu t i ons were f i l t red by Mi l l ipore 0 . 2 2 ^ m . Part of m A b s w a s 
i ncuba ted w i t h pepsin and the F(ab ' ) , f r a g m e n t s were pur i f ied on DE32 cel lu lose 
c o l u m n (Wha tman ,UK) . 

I m m u n o c y t o c h e m i s t r y 

The cy tosp ins of l y m p h or per iphera l b lood cells, s tored at -70°C. were air dr ied, 
f i xed m cold acetone for 1 m in and i n c u b a t e d w i t h no rma l goat serum (1 /5) for 3 0 
min and than w i t h t e s t e d s u p e r n a t a n t s 'or 3 0 min. Nex t , the cy tosp ins were 
i ncuba ted w i t h goat a n t i - m o u s e IgG c o n j u g a t e d w i t h b io t in -(Dako, Denmark) d i lu ted 
1 ' 2 0 0 w i t h 1 0 % n o r m a l dog se rum and for another 3 0 mm w i t h alkal ine 
phospha tase (AP) - con juga ted s t r e p t a v i d m (Dako) d i lu ted 1 / 2 0 0 . The AP subs t ra te 
(Dako) was than app l ied for 1 5 m m , and f inal ly the s l ides were s ta ined w i t h 
M a y e r ' s Hematoxy l i n The s ta in ing w a s p e r f o r m e d at room tempera tu re (22CC) w i t h 
TBS as wash ing agent . 

A n t i - h u m a n rr.Abs c ross - reac t i ve w i t - ! canme DC 
The f o l l ow ing m A b s c ross - reac t i ve w i t h can ine l eukocy tes were used: anti- CD1 a, -
HLA DR (Dako), anti- C D 5 4 ( I m m u n o t e c h ) and an t i -CD58 (Bec ton D ick inson) . 
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Funct iona l e f f e c t s of m A b s on DC in y i t ro 

Lymph dendr i t i c c e l l - l y m p h o c y t e binding assay: 

Binding of cel ls w a s q u a n t i t a t e d after a 4 h incubat ion of l y m p h cells in l y m p h 
di luted 1:1 (vo l /vo l ) w i t h 0 . 1 5 M NaCI (cont ro l ) or w i t h appr iopr ia te m A b s so lu t ions 
at 37ŁC. Prev ious e x p e r i m e n t s revealed tha t l ymph celi c lus te r ing is not dependen t 
on the l y m p h cel i c o n c e n t r a t i o n and tha t op t ima l con juga te f o r m a t i o n takes p lace 
after 4 h i ncuba t i on . D i lu t ion of l ymph 1:1 w a s found necessa ry to avo id the 
inh ib i tory e f f ec t of who le l y m p h on celi b ind ing. Br ief ly , l ymph cel i samples (0 .1 ml) 
were c e n t r i f u g a t e d for 1 0 m i n at 2 5 0 g and celi pel lets we re m ixed w i t h 2 0 / / I of 
appr iopr ia te m A b d i lu t ion and after 3 0 min incuba t ion at 4 'C cel ls we re 
supp lemen ted w i t h 0.1 ml of l y m p h and 0 . 0 8 ml of 0 . 1 5 M NaCI and i ncuba ted for 
addi t ional 4 h at 37 c C. The n u m b e r of l y m p h DC w i t h t w o and more l y m p h o c y t e s 
a t tached w a s coun ted per 1 0 0 of DC under the l ight m ic roscope . 

MLR pro l i f e ra t ion : 
The cu l tu re m e d i u m used c o n s i s t e d of RPMI 1 6 4 0 med ium s u p p l e m e n t e d w i t h 1 0 
m M HEPES buf fe r , 2 0 % FCS. 1 0 0 U /m l pemci l l in and s t r e p t o m y c i n , 2 m M L-
g lu tamine (Gibco, Paisley, UK). Lymph cel ls were separa ted on a L y m p h o p r e p 
( N y c o m e d Pharma, Oslo, N o r w a y ) gradient at 5 0 0 g for 3 0 min . Responding cel ls 
were cu l t u red at a dens i ty of 2x1 0 : cel ls in 0 . 2 ml med ium w i t h or w i t h o u t 5 % 
( 1 0 i a l logene ic DC and appr iopr ia te m A b d i lu t ions for 6 days . S t imu la to ry cel ls 
were p re i ncuba ted w i t h m i t o m y c i n C (Sigma) used at a c o n c e n t r a t i o n of 4 0 / / g / m l 
for 4 0 min at 3 7 ' C . E ighteen hours before harvest , cu l tures w e r e pulsed w i t h 0 .4 
//Ci of ( H l t h y m i d i n e ( A m e r s h a m , Bucks. , UK) and harves ted o n t o glass f ibrę f i l ters. 
Incorpora t ion of i ad ioac t i ve label was assessed in a sc in t i l a t ion coun te r . 

S ta t is t i ca l eva lua t i on 

For s ta t i s t i ca l compar i son of resul ts the S t u d e n t ' s t test w a s used. 

RESULTS 

Screemng of hyb r idoma c l ones 
Superna tan ts f r o m t w o c lones . des igna ted DC- l l l /2 and DC-2 , were found to react 
w i t h l ymph-de r i ved DC, e x a m i n e d by i m m u n o c y t o c h e m i s t r y . They also labeled 
l ymph and per iphera l b lood g ranu locy tes . The m A b DC- l l l /2 w a s de te rm ined to be 
of I g G l and m A b DC-2 of lgG2a iso type. Cont ro l m A b V l l / 1 , p roduced 
s imu l taneous ly and non - reac t i ve w i t h can ine cells, was d e t e r m i n e d to be of I g G l 
isotype 

React iy i ty w i t h l ymph and per iphera l b lood cel ls 
Whole l y m p h cel ls. DC-en r i ched popu la t ion and per ipheral b lood l y m p h o c y t e s and 
g ranu locy tes were sc reened for DC-I I I '2 and DC-2 m A b s reac t i v i t y by 
i m m u n o c y t o c h e m i s t r y . Bo th . DC-III 2 and DC-2 m A b s s tamed l y m p h DC 
popu la t ion . Peripheral b lood g ranu locy tes were also labeled w i t h bo th m A b s , but 
l yphocy tes we re unreac t i ve . 

Effect of m A b s on l ymph D C - l y m p h o c y t e binding 
Celi-celi bmd ing assays are ava iab le that are k n o w n to depend on mtegr in f u n c t i o n 
In our s y s t e m au to logous l y m p h o c y t e b inding to l ymph DC w a s b locked by ant i -
C D 5 4 and - C D 5 8 m A b s . but ant i -DR m A b had no such a c t i v i t y (Table 1). Bo th 
novel mAPs and their F(ab') f r a g m e n t s s ign i f i can t ly b locked l y m p h celi a t t a c h m e n t . 
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as compared to a control VI1/1 antibody (Table 2). 

Table 1 
The effect of cross-reactive wi th canine cells mAbs on in vitro 

lymph DC clustering wi th lymphocytes 
mAb Dilution % of clusters 

no mAb (0.1 5M NaCI) 22.6 ± 5.2 
anti-HLA-DR 1/20 25.3 ± 8.4 
anti-CD54 1/100 17.3 ± 6.6 
anti-CD58 1/5 11.1 ± 2.9 

All values are expressed as Mean ± SD, (• p < 0.05 vs control ) 

Table 2 
The blocking effect of anti-DC mAbs on in vitro lymph DC 

clustering wi th lymphocytes 
( % of clusters ) 

W h o l e mo lecu les F(ab ' ) , f r a g m e n t s 
m A b 1 / 2 1 / 1 0 1/2 1 / 1 0 

control 4 2 . 2 ± 9 . 8 3 8 . 6 ± 8 . 7 2 9 . 0 ± 1 . 0 3 2 . 0 ± 1 1 . 3 
DC-2 15.6 ± 7.3 35.7 ± 4 . 1 1 4 . 3 ± 6 . 6 * 2 0 . 6 ± 7 . 1 
DC-111/2 1 6 .0 ± 8 . 2 35.5 ± 4.7 1 1 . 0 ± 5 . 3 * 1 8 . 7 ± 6 . 4 

All va lues are e x p r e s s e d as M e a n ± SD, (* p < 0 . 0 5 vs contro l ) 

Ef fect of m A b s on l y m p h DC a l los t imu la to ry ac t i v i t y in MLR 
DC are cha rac te r i zed func t iona l l y by their po ten t a l l os t imu la to ry a c t i v i t y . We 
obse rved the r e d u c i n g e f fec t of bo th nove l mAbs , as we l l as ant i -DR m A b on an 
a l logeneic MLR (Tab le 3). Cont ro l an t ibod ies , a n t i - C D I and VI1/1 had no s u c h 
e f f ec t . 

Table 3 
Inhibition of the proliferative response in allo-MLR by mAbs (% of control MLR) 

m A b D i lu t ion 
1/5 1 / 2 0 

con t ro l VI I /1 9 2 . 0 ± 7 . 0 1 2 4 . 5 ± 1 2 . 0 
DC-2 2 2 . 5 ± 9 .1 4 2 . 5 ± 2 7 . 5 # 

DC- l l l / 2 12 .5 ± 4 . 7 5 9 . 2 ± 1 7 . 1 
an t i -HLA-DR nd 4 2 . 0 ± 3 3 . 0 * 
a n t i - C D I nd 9 0 . 0 ± 2 1 . 0 

Al l va lues are e x p r e s s e d as Mean ± SD, ( * p < 0 . 0 5 vs contro l ) 

http://rcin.org.pl



173 

DISCUSSION 

After skin transplantation DC leave the epidermis and undergo changes that include 
increased expression of MHC class II antigens (7). The migratory properties of DC 
likely interlace w i th their antigen presenting funct ions to sensitize T cells in situ. 
pope et al. (9) showed that cutaneous DC and memory T lymphocytes migrate 
from human skin explants, and some of these cells form distinctive conjugates. 
Such spontaneous conjugates of DC wi th autologous lymphocytes are also present 
in normal afferent lymph (10), suggesting their contribution to skin immunologie 
reactions. 
In the present report we describe t w o novel mAbs which recognize antigens 
expressed by the canine lymph derived DC and granulocytes. 
Raised by us mAbs reduced lymphocyte binding to DC and T celi prol i ferative 
response to DC-associated alloantigens in the MLR. Both, whole ant ibody 
molecules as well as F(ab') f ragments had the modulatory effect on lymph celi 
binding. It can be suggested that the suppressive effect of these mAbs might have 
been not due to the blocking of receptors for antigen recognition, but rather due 
to the blocking of the accessory molecules on DC. The epitopes recognized by our 
novel mAbs are unknown. Further immunochemical studies should be done, as well 
as functional studies of mAbs after their in vivo administration. 
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Immune Events in Skin. I. Spontaneous Cluster 
Formation of Dendritic (Veiled) Cells 
and Lymphocytes from Skin Lymph 

H . G A L K O W S K A & W . L . O L S Z E W S K I * 

Department of Surgical Research and Transplantat ion . Medical Research Centre. Polish Academy 
of Sciences. Warsaw. Poland and * T h c Norwegian Radium Hospita l . Oslo. Norway 

Galkowska H. Olszewski WL. Immune Events in Skin. I. Spontaneous Cluster Formation of 
Dendritic (Veiled) Cells and Lymphocytes from Skin Lymph. Scand J Immunol 1992:35:727 34 

To investigate the mechanism of spontaneous attachment of aflerent lymph lymphocytes to 
dcndritic cells, cells from canine skin lymph were used. There were 3.3 + 2.8% of veiled cells in 
clusters found in lymph flowing from the cannulatcd lymph vessel. The number of clusters 
forming ex vivo in the collected lymph samples increased as a function of time and was 
temperature dependent. Incubation of cells with proteolytic enzymes or monosaccharides did not 
alter cell interactions. The ability of veiled cells to bind lymphocytes was independent of divalent 
cations but reduced by xylocaine and retinoic acid. Among steroids only methylprednisolone 
showed an inhibitory effect on cluster formation. Indomelhacin and acetylsalicylic acid had no 
blocking activity on cell binding. Also, no effect was seen after treatment with cyclosporine A and 
azathioprine. An enhanced cluster formation after dcsialation with neuraminidase was observed. 
The dcsialated cells were cultured in order to study their stimulatory and accessory cell functions. 
No enhancement of autologous mixed leucocyte reaction was seen, but a significantly higher 
responsiveness to a suboptimal dose of phytohaemagglutinin was observed. The N-ase-mcdiated 
non-specific cell attachment could be abrogated by cell washing or treatment with EDTA or 
xylocaine. 

This study indicates that cluster formation by skin lymph veiled cells and lymphocytes is a 
spontaneous process which cannot be controlled by means usually effective in regulating the in 
vitro induced clustering of antigen-stimulated cclls. 

/)/• llanna Galkowska, Department <>l Surgical Research anil Transplantation. Medical Research 
Centre. Polish Academy oj Sciences. 02004 Warsaw. 5 Clialuhinskicgo sir.. Poland 

Skin tissue fluid and lymph contain migrat ing 
immune cclls. including large dendritic (veiled) 
cclls ( D C ) and lymphocytes (reviewed in Rcf. 1). 
These cclls arc continuously transported in the 
lymph stream to the regional lymph nodes. In this 
way the information about the presence of for-
eign or self-unmasked antigens, acquired by the 
migrating cclls in the interstitial space, can be 
transferred within minutes to the lymph node [2]. 
The processing of antigen by veiled cclls ( V C ) and 
its presentation to lymphocytes seems to have 
already started by the time it reaches the skin 
parenchyma. A drop of lymph freshly drawn 
from a skin afferent lymphatic contains 3 - 6 " . of 
clusters formed by veiled cclls and lymphocytes 
which most likely illustrates the in vivo cooper-

ation of these populat ions [3. 4], Spontaneous 
clustering of D C with au to logous lymphocytes 
has been observed ex vivo in many species, in 
peripheral lvmph of pigs [5], man [6} and rodents 

m. 
Clustering is the first phase of antigen presen-

tation to lymphocytes. Dendritic cclls are unique 
for T-dcpcndcnt immune responses, which 
occur in cell aggregates or clusters (reviewed in 
Rcf. 8). Thcv bind lymphocytes in an antigcn-
independent pathway and can also bind resting 
T lymphocytes [9], Little is known about the 
mechanism involved in the clustering of D C with 
resting T lymphocytes, including expression of 
adhesion molecules. The D C incorporate in vivo 
environmental antigens penetrating integuments 
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or shed auto logous tissue celi antigens. This may 
prompl D C to undergo ' spontaneous ' clustering 
with lymphocytes . 

In this study we tried to elucidate the mechan-
isms o f ' s p o n t a n e o u s ' binding o f vciled cells f rom 
the canine skin afTerent lymph with au to logous 
lymphocytes in their own environment, i.e. the 
lymph, and in the absence o f a known antigen. 
Control l ing this process may be helpful in mitiga-
lion of skin immune reactions. 

M A T E R I A L S A N D M E T H O D S 

Reagents. The following reagents were used: EDTA 
(Sigma, St Louis, MO); XyIocaine-HCI (2%) (Astra, 
Sodertalje, Sweden); Trypsin (2.5%) (Flow Laborator-
ies, Irvine. UK); Collagenase(type II) (Sigma); DN-asc 
I (type II) (Sigma); Neuraminidasc (CI. perfringens tvpc 
X) (Sigma); RPM1-1640 medium (Gibeo. Paisley, UK); 
L-glutamine (200 IIIM) (Flow Laboratories); Penicillin-
stretptomycin solution (50 x ) (Flow Laboratories); 
Hepes bufTcr (1 M)(FIOW Laboratories); fetal calf serum 
(FCS) (Gibco); phytohaemagglutinin (PHA) HA i 5 
(Wellcome, Dartford, UK). [3H]-thymidine (2 Ci/mM) 
(Amersham. Bucks., UK); Heparin (Novo Industri. 
Copcnhagcn, Dcnmark); sugars and Rctinoic acid 
(Sigma); verapamil (Isoptin R) (Yugolek. Lubljana. 
Yugoslavia); dexamethasone (Sigma): hydrocortisonc 
(Sigma); methylprednisolone (Solu-Medrol) (Upjohn. 
Kalamazoo. MI); cyclosporine A (Sandoz. Bascl. Swit-
zcrland); Azathioprinc (Wellcome); indomethacin 
(Sigma); acetylsalicylic acid (Sigma). 

/)r>£.\.Thrcc outbred dogs willi chronię lymphcdcma 
after the surgical interruption of afTerent lymphatics 
were used as lymph donors [10]. 

Collcciion of lymph. Lymph was obtained by direct 
pcrcutaneous puncturc of dilated lymphatics and eol-
lected into plastic tubes with heparin (10 U'ml of 
lymph). The average concentration of lymph cells was 
2.2+ 1.3 x I06 ml. and the per cent or cclls with VC 
morphology was 3.2+1.7. Of the whole population of 
VC 3.3 ± 2.8% have been found in clusters with lympho-
cytes immediately after collection of lymph. 

FIG. 1. Cluster isolated from afTerent lymph. cytospun 
onto glass slide and stained with Ma\-Grunwald-
Giemsa. x 480. 

1'ciled ccii lymphocyte binding assay. \ 'C Krnpho-
cyle binding was quantitated either in lymph immedi-
ately after lymph collection or after ineubation of 
lymph cells in lymph mixed 1 : 1 (vol vol) with appro-
priate reagent solutions. The number of VC with two or 
more lymphocytes altached (Fig. I) per 100 VC seen in 
several randomly selected fields was counted under the 
light microscope (magnification x 400). The period of 
celi ineubation wilh applied agents was chosen depend-
ing on the peak of their cfTcel in vitro. 

Effect of temperaturę and medium on celi binding. 
Lymph cclls (0.1 ml) nmed I: I with 0.15 M NaCI or 
autologous lymph were incubated for 4 h al 37 C in a 
tissue culture ineubator, al 39 C and 22 C in water 
baths. and al 4 C in the refrigerator. After ineubation 
cells were gently mixed and clusters were counted. 

Treatment with EDTA and rerapamil. Lymph cells 
were mixed with EDTA (10 MM and 20 MM) and 
incubated for 1 h or with verapamil solution (5 x 10 - M 
dissolvcd in 0.15 M NaCI, used al concentrations of 10 
and 10"5 M) and incubated for 4 h at 37 C. 

Treatment with enzymes. Lymph cells were mixed 
with the following solutions of reagents prepared in 0.15 
M NaCI to the finał concentrations: trypsin (0.5 mg/ml 
and 1 mg'ml); collagenase (0.1 mg/ml and 0.5 mg/ml); 
DN-asc (20//g/ml and 100//g/ml); N-asc (I U/ml and 2 
U/ml). They were then incubated for 60 min al 37 C. In 
the casc of neuraminidasc some of the trealed samples 
were washed fivc limes wilh RPM 1-1640 medium 
supplemented wilh 10% FCS, or afler centrifugation 
cclls were resuspended in EDTA (20 MM) or xylocainc 
(0.1%) solutions and incubated again for 30 min at 
37 C , 

Effect of .wlocaine and rctinoic acid. Lymph cclls were 
mixed wilh xylocainc solutions (0.05% and 0.2%) in 
0.15 M NaCI and incubated for 1 h. or with rctinoic acid 
(dissolved in absolute ethanol to 10 : M and mixed with 
0.15 M NaCI to a concentration of 5 x 10 1 M and stored 
in the dark al 4 C) at finał concentrations of 10 J and 
10 " M and incubated for 4 h at 37 C 

Effect of monosaccliarides and heparin. All sugars 
were stored frozen at - 20 C at 200 MM in 0.15 M NaCI, 
wilh the exception of glucose-6-phosphate and man-
nose-6-phosphate (in H : 0) . Heparin was stored at 500 
//g ml in 0.15 M NaCI. Lymph cells were mi.\ed with the 
following reagents to the finał concentrations: sugars, 
100 MM (osmolarity 300 mOsm). heparin. 250 /ig'ml. 
Thcv were ihen incubated for 4 h al 37 C. 

Eth 'cl of immunosuppressants aniI anti-inflammatory 
drugs. All steroid immunosuppressants (hydrocorti-
sonc. dexamelhasone. methylprednisolone) were dis-
sohed in ethanol to 10 : M. and the stock solutions 
afler mixing with 0.15 M NaCI were used at the finał 
concentrations of 10 • M and 10 6 M. Cyclosporine A 
and azathioprinc were disso!ved in ethanol to 5 mg ml 
as stock solutions and after mixing with 0.15 M NaCI 
were used at finał concentrations of 5 //g ml and 0.5 /(g 
ml. Indomethacin was dissohed in ethanol to 10 mg ml 
and afler mixing with 0.15 M NaCI was used at finał 
concentrations of 5 //g ml and I /zg ml. Acetylsalicylic 
acid w as dissohed in ethanol to 20 mg ml and used at 
the finał concentrations of 10 /ig ml and 5 //g ml. 
Lymph cells were incubated for 4 h at 37 C. 

Effect of S-ase-induced cluster formation on lympho-
cyte response Lymph cells concentrated to V >. I06 cells 
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in 0.15 M NaCl with 2 U ml of N-ase were incubated for 
60 min at 37 C. Next, cells were washed four times with 
RPMI-1640 medium with 10% FCS and cultured in 0.2 
ml of culture medium in a microculture plate at a 
density corresponding to 2 x 105 non-aggregated lymph 
cells, with or without three doses of PHA (90. 18 and 4.5 
/ig'ml). Culture medium consisted of RPMI-1640 
medium supplemented with 10 mM Hepes buffer. 20"/.. 
FCS, 100 U ml penicillin, 100 /ig'ml streptomycin, and 
2 mM L-glutamine. Cultures were performed in triplicate 
and incubated for 6 days (autologous mixed leucocyte 
reaction. AMLR) and 3 days (PHA) in a humidified 
atmosphere of 5% CO; in air. Twenty hours before 
termination of cultures 100 //I of medium were replaced 
by an equal volume of fresh culture medium and 0.4 //Ci 
of [^Hl-thymidine was added. Radioactivity was mea-
sured on glass fibre filters in Permafiuor cocktail 
(Packard. Zurich, Switzerland). 

Statistics. To compare the results the Student's /-test 
was used. 

R E S U L T S 

Time, medium and temperature dependence of 
VC-1) •mphoo te b in ding 

The interaction of lymph cells increased as a 
function of the time for which cclls were incu-
bated together, f rom 9 .5% after 1 h to 20.7%, after 
4 h of incubation ( P < 0.05) (Tabic I). After 20 h 
of incubation at 37 C the rate of clustering was 
unchanged (data not shown). Fig. 2 shows data 
on clustcr format ion after 4 h of incubation at 
different temperatures in 0.15 M NaCl or lymph. 
Clustering of cells suspended in NaCl was similar 
at 37 C and 22 C (20.7 ± 2 . 8 % and 16.2 ± 3 . 3 % , 
respectively) and significantly lower at 4 C and 
39 C ( 12.1 ± 4 . 4 % and 11.8 ± 3.8%, respectively). 
The percentage of clusters formed in the presence 
of lymph was reduced at temperatures f rom 4 C 
to 37 C (P < 0.05), a s compared with clustering in 
N a C l . At 39 C the percentage of clusters both in 
N a C l and lymph was lower than at 37 C 
(P < 0.05). 

Treatment with EDTA and verapamil 

Treatment of lymph cells with E D T A and 
verapamil , a C a ; + channel blocker, did not affect 
the V C - l y m p h o c v t e binding rate (Table I). 

Treatment with enzymes 

Table I shows the effect of enzyme treatment on 
the ability of lymph cells to interact. Cells sub-
jected to proteolysis with trypsin or col lagenase 

TABU: 1. Effect of different agents on spontaneous 
binding of lvmph lvmphocvtes b\ VC after incubation 
at 37 C 

Time of % of clusters1 

incubation (h)d Cell treatment"b (mean ± SD) 

0 Directly from lymph 3.3 ±2 .8 

1 h NaCl (M) 
0.15 9.5 ± 6.U-

EDTA (MM) 
20 16.5 + 4.9 
10 15.0 + 9.8 

xylocaine (%) 
0.2 0.7 + 0.5* 
0.05 3.7 ± 1.8 

trypsin (mg/ml) 
1 11.6+ 16.8 
0.5 13.8 ±8 .2 

collagenase (mg/ml) 
0.5 6.5 ±3 .5 
0.1 12.0+ 1.4 

DN-asc (//g/ml) 
100 I S .0+ 12.2 
20 16.3 ± 11.0 

N-ase (U/ml) 
2 69.0 ±24 .5* 
1 48.0 ±30.5 

4 h NaCl (M) 
0.15 20.7 + 2.8/i 

verapamil (M) 
IO 17.0 ±7 .0 
10 s 23.0 ± 1.4 

retinoic acid (M) 
l(>-4 10.0+2.1 * 
10 " 13.0 ± 1.4* 

J Lymph cell samples (0.1 ml) were mixed I : 1 with 
reagents diluted with 0.15 M NaCl. giving the different 
final concentrations. 

h Xylocaine was diluted in 0.15 M NaCl: retinoic acid 
was dissolved in ethanol, so that the final concentration 
of solvent was 0.01% in 0.15 M NaCl. 

c Data are the mean of duplicate determinants of 
three or more experiments + SD. 

d The time at which the peak of agent effect appeared 
was chosen. 

•••• P < 0.05 4 h versus0 h and 4 h versus 1 h incubation. 
* P < 0.05 versus NaCl. 

and hydrolysis with D N - a s c for 1 h were not 
changed in their ability to interact. When cclls 
were subjected to cleav age of terminal sialic acid 
residues with neuraminidase, increased cluster 
formation was seen. Washing of N-ase-treated 
cclls with R P M I - 1 6 4 0 medium supplemented 
with 10"m. F C S five times reduced the per cent of 
clusters from 52.1 ± 1 9 . 5 to 24.5 + 3.1. N-ase-
mduced cell binding was found to be dependent 
on divalent cations or cell membrane fluidity. 
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FIG. 2. Effect of temperature and medium on VC lymphocyte interaction after 4 h of 
incubation. Lymph cell samples (0.1 ml) were suspended in 0.1 ml of autologous lymph or 0.15 
M NaCl. <P<0.05 other temperature versus 37 C: */><().()5 lymph versus NaCl. 

Incubation of cclls for 30 min in the prcscncc o f 
E D T A or xylocainc rcduccd the per cent of fresh 
clusters to the control level (Tabic II). 

Effect of retinoic acid and xylocaine 

Cell binding was significantly decreased in a 
dosc-dcpcndcnt manner when cclls were treated 
with xylocaine and retinoic acid, drugs which 
influence ccll membrane fluidity (Table I). 

Effect of sugars and heparin 

In order to investigate the involvement of 
carbohydrate structures in cluster formation the 
effect o f the following sugar s and heparin was 
studied: galactose, mannose . glucosc-6-phos-
phate. mannosc-6-phosphatc . mcthyl-x-manno-
sidc. Neither heparin nor sugars hindered the 
clustering of lymph cclls (data not shown). 

Effect of immunosuppressants and anti-
inflammatory drugs 

Only treatment with methylprednisolonc 
resulted in a decrease in the per cent of clusters 
formed ( /><() .05) (Table III). Other steroids or 
immunosuppressants including cvclosporine A 

and azathioprinc and anti- inf lammatory drugs 
had no effect on lymph ccll binding. 

Effect of N-ase-induced clusters on lymphocyte 
responsiveness to PHA and in autologous MLR 

As shown in Fig. 3, N-asc-trcated lymph cclls 
cultured for 3 days showed higher responsiveness 
of lymphocytes to a suboptimal dose of P H A 
than the control cclls. However, the s a m e level of 
lymphocytc st imulation was observed in a 6-day 
auto logous M R L irrespective of N - a s c pretreat-
ment. 

D I S C U S S I O N 

Our studies were undertaken to characterize the 
spontaneous , physical interactions between 
migrating skin lymph veiled cells and lympho-
cytes observed directly after lymph collection. 
Understanding of these interactions could widen 
our knowledge of the cooperat ion o f veiled cells 
and lymphocytes in vivo. 

Spontaneous binding of VC with lymphocytes 
proceeded ex vivo as a function of time for w hich 
cells were incubated together in the absence of 
any antigen, reaching a maximal level at 4 h. Cell 
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T A H L I II. F.fTcct of different procedures on VC-lvmpho-
cvte interaction after treatment with N-ase 

"., of clusters 
Treatment" (mean±SD) 

N-•ase 2 U ml Non-treated 52.1 ± 19.5 
N--asc 2 U ml Washed with RPMI 24.5 + 3.1 
N--ase 2 U ml EDTA 20 MM 12.3 + 4.0* 
N< -asc 2 U ml Xylocaine 0.1 "<.. 10.5 ±3.5* 

" Lymph samples mixed 1 : I with 4 U ml of N-ase in 
0.15 M NaCl were preincubated for I h at 37 C'. then 
cells were washed five times with medium or incubated 
with EDTA or xylocaine for 30 min al 37 C. 

* f<0.()5 versus washed cells. 

T A H L I : III. Effect of immunosuppressants and anti-
inflammatory drugs on lymph cell binding after 4 h of 
incubation at 37 C 

Drugs" '.. of clusters (mean + SD) 

Control (M NaCl) 
0.15 20.1 ±3.5 

Hydrocortisone (M) 
"IO-5 21.1 ±7.1 
10" 23.5 ±4.1 

Dcxamelhasonc (M) 
io-5 18.0± 10.7 
10 6 18.5 ±3.7 

Methylprednisolone (M) 
10 5 14.1 ±5.5* 
10" 13.5 ±4 .4 * 

Cyclosporinc A (/ig ml) 
5 19.3 ±5.8 
0.5 22.5 ±5.5 

Azalhioprinc (//g ml) 
5 20.3 ±5.5 
0.5 20.0 ±4.0 

Indomcthacin (//g ml) 
5 16.3 ±78 
1 19.0 ±7.5 

Acetvlsalicylic acid (/ig ml) 
io' 17.8 ±4.8 
5 23.0 ±6.0 

•' All drugs were dissolved in cthanol. so that the final 
concentration of solvent was not higher than O.(K) 1"... 

* /><().()5 versus control. 

attachment occurred even at 4 C. and this may 
suggest the involvement of the C D 2 and LFA-3 
adchesion pathway in VC-lvmphocyte binding, 
since the L F A - I - I C A M pathwa\ functions only 
at 37 C [11], It was found that sheep V C express a 
high level of L F A - 3 and a small amount of C D 2 
[12], Experiments performed at 39 C revealed 
reduced ccll attachment in the presence of both 
lymph and NaCl . This could be explained as an 
effect of hyperthermia, since the canine skin 

temperature is 33-34 C (our unpublished obser-
vation). It is known that hyperthermia can affect 
ccll adhcrcncc in the target -cytotoxic ccll system 
in vitro. Lower cell binding was observed in the 
presence of lymph as compared with NaCl . after 
incubation at temperatures from 4 C to 37 C. It 
cannot be ruled out that some humoral factors 
present in lymph arc involved, and further studies 
remain to be carried out. 

The present study indicates that the sponta-
neous binding of lymphocytes to autologous VC 
is mediated by a divalent calion-indcpendcnt 
pathway. Neither E D T A nor verapamil, a C a : < 

channcl blocker, interfered with spontaneous ccll 
binding in our system. In contrast, active cluster 
formation by canine blood D C with concanavalin 
A-stimulatcd lymphocytes in a 3-day culture (13] 
was blocked by verapamil. This may suggest that 
the spontaneous binding is instead a physical 
property of cell surfacc molcculcs. 

Our data are consistent with the notion that 
treatment of D C and Langerhans cclls with 
proteolytic enzymes does not alter their attach-
ment functions (14], whereas the spontaneous 
binding of lymph node cclls or thymocytes with 
peritoneal exudate macrophages [15] and attach-
ment of non-primed lymphocytes to alveolar 
macrophages in vitro [16] arc affcctcd by trypsin. 

We showed that the ability of VC to sponta-
neously bind lymphocyte was inhibited by treat-
ment of cclls with xylocaine. a drug which 
interferes with lymphocyte immune functions, by 
an affect on the cell membrane fluidity, ccll 
adhesion or aggregation [17], Retinoic acid also 
abolished VC-lymphocytc binding. This may 
explain the observed influence of retinoic acid on 
the efficiency of antigen presentation by spleen 
D C [18] and on the lymphocytc response to 
epidermal cclls in M L R [19], 

In several systems of ccll—ccll interaction [20. 
21] carbohydrate structures have been identified 
as acceptor structures. Our studies showed that 
VC-lymphocytc binding is not a lcctin-dcpcndcnt 
process. 

Glucocorticoids have been reported to exert 
immunosuppressive effects in vivo and in vitro on 
both lymphocyte and Langerhans cclls from the 
epidermis [22-24], We attempted to analyse the 
cffcct of clinically widely used corticosteroids on 
cluster formation. Only meth\ lprednisolone used 
in both physiological and pharmacological doses 
caused a statistically significant decrease in the 
percentage of in vitro spontaneously formed 
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C O N T R O L N - A S E 

dusters of V C with autologous lymphocytes. This 
raises the possibility that other glucocorticostcr-
oids may not be as potent as methylprcdnisolone, 
which affects the generation of cytotoxic lympho-
cytes in vitro by influencing the initial stage of the 
immune response [25]. 

The immunosuppressants cyclosporinc A 
(CyA) and azathioprinc, which also affect Lan-
gerhans cells in vivo and their accessory ccll 
function [26] as well as V C functions [27, 28], did 
not prevent spontaneous cluster formation in our 
system. This is consistent with results of cluster 
formation by caninc [13] and human [29] blood 
D C with lymphocytes; however. Furuc & Katz 
[30] mention that culturcd murine Langerhans 
cells pulsed with CyA do not form dusters with T 
cclls. These discrepancies can be explained by the 
different experimental settings. We investigated 
the spontaneously forming clusters of cclls freshly 
obtained from lymphatic and most likely primed 
in vivo, whereas in other reports cclls were 
cultured and challenged with known antigens in 
vitro. 

We found that the anti-inflammatory drugs 
indomcthacin and acctylsalicylic acid had no 
effect on cluster formation. 

Spontaneous binding of lymphocytes to VC in 
our system was enhanced b\ neuraminidase. It 

was reported that N-asc produces a variety of 
cffects, among them enhanced ccll interactions 
[31] and changed migration of lymphocytes [32]. 
However, no increase in attachment of lympho-
cytes to dcsialatcd unprimcd macrophages has 
been observed [16. 33]. Enhancement by N-ase of 
VC-lymphocytc non-spccific interactions did not 
affect the level of autologous M L R . Hirayama et 
al. [34] also did not observe an enhanced M L R 
when stimulatory D C or T cclls were treated with 
N-asc. It is possible that N-asc modifies moleculcs 
other than Ia molecules which allow cell-lo-cell 
contact. However, the expression of various 
functional epitopes of the adhesion moleculcs 
(CD2. LFA-3 , LFA-1 and 1CAM-1) on mono-
cytes and T cclls was not cnhanccd by N-asc [35]. 

Lack of enhanced response in A M L R after N-
asc treatment in our experiments could indicate 
that the specific antigenic signal for clustering had 
been acquired in vivo and no additional response 
should be expected in culture, although more 
clusters were formed due to desialation. Further-
more, we found that the N-ase-mediated non-
specific ccll attachment could be abrogated by 
intensive washing of cells and by treatment with 
EDTA or xylocaine. which act on cell mem-
branes. This clearly differentiates the mechanisms 
of spontaneous and N-ase-mediated clustering. 
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The reason for clustering of lymph cells in ihc 
skin tissue fluid in vivo remains unclear. A large 
array of environmental antigens (bacterial. viral. 
fungal) penetrate the skin following micro-
trauma. Self-antigens of dying tissue cells may 
also contribute to stimulation of DC. This is the 
subject of further studies. Interestingly, T cells 
that accumulate in afferent lymph draining the 
hind leg of sheep are all of memory phenotype 
(36). 

We suggest that spontaneous binding of V C 
with autologous lymphocytes in skin lymph con-
tributes to the distinctive capaeity of skin Langcr-
hans cells to activate memory/eflector T cells in 
situ [37], Controlling this process may be helpful 
in mitigation of skin immunc reactions. 
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The skin afferent lymph dendritic celi (DC) spontaneously forms clusters wilh autologous T cells. The 
role of adhesion molecules and cytokines in this process was investigated. Analysis of the expression of 
adhesion receptors on the canine peripheral lymph D C revealed the presence of CD54, CD58, C D 18 as 
well as CD49d and CD49e molecules and celi surface fibronectin. The C D 5 4 and CD58 molecules were 
found to play a key role in the 'spontaneous' lymph celi clustering. Antibody against fibronectin, a 
substrate for CD49d and CD49e receptors, reduced DC-lymphocyte binding. Analysis of the effect of 
cytokines revealed that the pro-inflammatory ILl /?rather than I L l a , and T N F a may be responsible for 
the enhanced lymph celi in ritro clustering. The IL6 had no such augmenting effect. The enhancing effect 
of endogenous IL1/3 present in lymph was reduced by the IL1/? neutralizing antibody. The effect of 
exogenous!y added IL1/? was also limited by the IL1 receptor antagonist. The IL1 Ra alone had no effect 
on celi binding, even when used in the high doses. Neutralizing of I L I R a in lymph with the specific 
antibody brought about augmented cluster formation. The enhancing properties of T N F a on celi 
binding were reduced by the T N F a neutralizing antibody. The IL10 significantly limited lymph D C 
cluster formation with Tcells . In conclusion, these data demonstrale that the present in lymph ILI /?and 
T N F a may be responsible for the observed in vilro enhanced cluster formation of lymph D C wilh 
autologous T lymphocytes. Celi binding can be reduced by IL1 Ra and by IL10. It provides insight inlo 
the potential clinical use of ihese inhibilors. 

Dr Hanna Gałkowska, Department of Surgical Research & Transplantation. Medicuł Research Center, 
Polish Academy of Sciences, 5 Chałubińskiego Str., 002-004 Warsaw, Poland 

I N T R O D U C T I O N 

ln vitru and in vivo sludies have demonstrated that epidermal 
Langerhans cells (LC) form a unique subset of antigen-
presenling dendritic cells (DC) [1], These cells are continu-
ously transported in the afferent lymph stream to the regional 
lymph nodes. The antigen-bearing LC can be found in the 
lymph nodes draining skin after epidermal application of 
contacl sensitizers (2). These cells migrate out from the skin 
grafts and enler the host afferent lymph vessels only a few 
hours after skin transplantation [3], Freshly isolated LC 
process antigens and present them to lymphocytes in vitro. 
LC play a crucial role in the initiation of the immune 
responses lo antigens penetraling skin from ihe environment 
or liberated from own ageing or damaged skin cells. The 
in vivo site and mode of interactions between antigen-bearing 
skin D C and T lymphocytes are not fully understood. 

Skin lymph freshly drawn from the normal afferent lym-
phalics contains some dendritic cells in clusters formed 
spontaneously wilh lymphocyles [4], This reflects the in vivu 
co-operation of the two celi populalions The molecular basis 
for the antigen-unspecific D C - T celi aggregation is slill 
unknown. Epidermal DC incorporale, in vivo, the environ-
mental antigens penetraling skin and this may prompt them 
to undergo such 'spontaneous' clustering with T lympho-
cytes. Factors governing this process are not elear, however 
the expression of accessory molecules on DC is lhought to 
play a crucial role. The inereased expression of adhesion 
molecules was observed during in vitro culture of epidermal 
DC [1,5]. Also, during transit to draining lymph nodes, LC 
are induced lo inereased expression of 1CAM I [6], A queslion 
arises which cytokines (other than GM-CSF and T N F a ) 
responsible for DC maturation [7], can regulale the process 
of D C - T celi cluster formation. Because the distinctive role 
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of DC is to initiate primary T ccll response, modulating the 
early step of ccll co-operalion might help to regulate immune 
response. Skin is a rich source of cytokines which arc pri-
marily active locally m the microcnvironmcnl of cclls in skin 
Supernatants from highly cnrichcd murine epidermal LC 
cultures conlain bioactiviiies of IL1. IL6, GM-CSF and 
T N F a [8]. Furthermore, keratinocytes either produce con-
stitutively. or can be induced to produce a variety of cyto-
kines. among them I LI, IL6. IL8. ILIO and T N F a [9. 10). In 
our previous studies ILI as well as IL1 inhibitor were 
identified in normal human skin afferent lymph [II]. The 
question arises as to whether the cytokines present in afferent 
lymph can be responsible for 'spontaneous' cluster formation 
of lymph DC with autologous T lymphocytes, and which 
adhesion molecules participate in this process. 

The purpose of this study was to investigate which 
cytokines, usually present in afferent lymph, enhance 
'spontaneous' cluster formation and which adhesion molc-
culcs arc active in lymph ccll binding. 

M A T E R I A L S AND M E T H O D S 

Dogs. Outbrcd dogs with chronic l ymphedema alter surgical 
interruption of hind limb afferent lymphatics served as skin lymph 
donors (12| 

Collection of lymph. Lymph was obta ined by dircct percutaneous 
puncturc of dilated lymphatic and col lcclcd into plastic lubes with 
heparin solution (10 U/ml).Thc average lymph ccll concentration 
was 4 4 ± 3.7 x l0 6 /ml. 

Reagents. The following reagents were used: Heparin ( N o v o 
Industri, Copenhagen, Denmark); recombinant human I L I o . 
ILI/?. IL6, ILIO. T N F o (Gcnzymc, C a m b r i d g e . MA. USA); poly-
clonal rabbit anti-ILl/?, anti-IL6 and a n t i - T N F a antibodies (Gcn-
z.yme); recombinant human ILIRa (receptor antagonist) and anti-
ILIRa neutralizing antibody ( R & D Systems , Minneapolis, M N . 
USA); anti-human antibodies (Abs): a n t i - C D I a , - C D I 8 , -DR 
(Dakopatts . Denmark), anti- C D 5 4 , - C D 4 9 d.e.f (Iminunotech, 
France) and anti- C D 5 8 (Becton Dick inson . San Jose, CA, USA): 
polyclonal rabbit antibodies anti-fibronectin ( F B N ) and anti-S 100 
protein (Dakopatts); pentoxifylline ( H o c c h s t . Milan. Italy). The 
doses of reagents were chosen depending o n the peak of their 
effect. Monoc lona l antibodies against can ine C D 4 and CDS antigens 
were rat IgG, a kind gift of Dr S. C o b b o l d , Cambridge. UK. 

Lymph dendritic cell-lymphocyte binding assay. Binding of cclls was 
quantitated after incubation of lymph cclls in lymph diluted I I 
(vol/vol) with 0.15 M NaCl (control) and with appropriate reagent 
solutions at 37"C. Previous experiments revealed that lymph cell 
clustering is not dependent on the lymph ccll concentration and that 
optimal conjugate formation takes place after 4 h incubation [4], 
Dilution of lymph I : 1 was found neccssary to avoid the inhibitory-
effect o f whole lymph on ccll binding [4], Figure 1 presents lymph D C 
and the ccll cluster freshly isolated from afferent lymph, visualized in 
phase contrast microscopy. The number of lymph D C with two and 
more lymphocytes attached was countcd per 100 of D C under the 
light microscope For blocking cell surface ant igens with antibodies, 
lymph cell samples were centrifugated for 10 min at 250g and ccll 
pellets were mixed with 20 jjl of appriopriate ant ibody dilution. After 
30 min incubation al 4 r C cells were supplemented with 0.1 ml of 

Fig. I. Dendritic cell (DC) (a) freshly isolated from afferent lvmph 
and (b) cluster of D C with lymphocytes (phase-contrast 
microscopy, x5()0). 

lymph and 0.08 ml off) .15 M NaCl and incubated for an additional 4h 
al 37°C. 

Labelling of lymph cclls with antibodies T h e cytospins of lymph 
cclls were fixed in cold acetone for 1 min f or staining with mouse 
monoclonal Abs cytospins were incubated with normal goat scrum 
(1/5) for 30 min and then with monoclonal Abs for 30 min. Next, the 
cytospins were incubated for 30 min with goat anti-mouse IgG (Z 
420 D a k o ) diluted 1/100 with 10% normal d o g serum and for 
another 30 min with A P A A P (alkaline phosphatase anti-alkaline 
phosphatase D 651 Dako) diluted 1/50 The A P substrate was then 
applied for 15 min. and finally the slides were stained with Mayer's 
hematoxylin The staining was performed at room temperature 
(22 C) with TBS as washing agent. For staining with polyclonal 
rabbit Abs the cytospins were incubated with normal swine scrum 
and after incubation with Abs the swine anti-rabbit IgG (E 353 
Dako) diluted 1/300 with 10% normal dog scrum was used. Next, the 
AP- streptavidin (D 396 Dako) diluted 1/800 and AP substrate were 
applied. The staining with rat anti -dog Abs was carried out by flow 
cytometry analysis. Cclls (I0 6 ) were incubated with 50/il of 10% 
normal rabbit serum for 20 min at room temperature (22nC) and 
then with 50 /d anti-dog Abs for lh on ice. N e x t , cclls were washed 
twice and then incubated for lh on ice with F I T C conjugated rabbit 
anti-rat IgG (F 234 Dako) diluted 1/20 with 10% normal d o g serum 
After cell washing FACS analysis was performed in a FACStar 
sorter (Becton-Dickinson). 
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Tabic I. Reactivity of anti-human Abs cross-reactive with the 
canine peripheral lymph DC (% of positive DC) 

Antigen Antibody Reactivity with DC 

CD54 (ICAMI) 84 H 10 37% + 
CD58 (LFA3) L 306.4 50% + + 
CD 18 (LFAIB) MHM 23 80% + 
CD49d (VLA4«) HP 2/1 95% + + 
CD49c (VLA5n) SAM 1 80% + + 
CD49f (VLA60) Go H3 70% + + 
CD la NA 1/34 60% + + 
HLA DR TAL 1B5 100% + + 
Fibronectin A 245 100% + + 
S 100 protein Z 311 100% + + 

' Strong reactivity ( + + + ) , intermediate ( + + ), weak ( + ). 

Statistical evaluation. For statistical comparison o f results the 
Student's /-test was used. 

R E S U L T S 

Lymph cell populations 

The per cent of cells with D C morphology was 6.5 ± 2.6 and 
of lymphocytes 82.7 ± 9 . 2 . The lymphocyte population was 
composed of 58 .4±2 .5% C D 4 + and 8 . 7 ± 4 . 6 % C D 8 + T 

cclls. Eosinophils and macrophages comprised 10.7 ± 6 . 7 % 
of ccll population. 

Effect of Abs against adherence molecules on lymph cell 
clustering 

The detailed phenotypic profile of canine afferent lymph DC 
stained with anti-human Abs is showed in Table 1. Sponta-
neous cell attachment in afferent lymph was significantly 
reduced by anti-human cross-reactive with dog monoclonal 
antibodies against CD54(ICAMI) and CD58(LFA3) 
(17.3 ± 6.6% and 11.1 ± 2.9% versus 22.6 ± 5.2, respectively, 
P < 0.001) (Table 2). In contrast, moAbs against CD18 and 
CD49 (VLA4,VLA5,VLA6) had the pro-aggregalory proper-
ties. Higher concentrations of these moAbs (1/10-1/1000 for 
C D 18 and 1/10-1/200 for CD49) induced the homotypic cell 
aggregation (data not shown). Other control moAbs, against 
C D la and DR, had no effect on cluster formation. Polyclonal 
Abs against fibronectin, in contrast to the control Abs anti-
protein SI00, was inhibitory for lymph cell binding 
(14.5 ± 1.9% and 2 I . 7 ± 4 . 6 % versus 2 2 . 6 ± 5 . 2 % , respec-
tively) (Table 2). 

Effect of cytokines on lymph cell clustering 

Exogenous I L l a , IL6 and ILIRa applied separately, even 
in high doses, had no significant effect on dendritic cell-
lymphocyte in vitro attachment (Table 3). When exogenous 

Table 2. The effect of blocking of cell surface molecules with 
antibodies on in vitro lymph cell clustering 

Antibodies reactive with11 Dilution 
% of clusters 

(mean ± S D ) b P' 

control 22.6 ± 5.2 
C D 5 4 1/100 17.3 ± 6 . 6 < 0 . 0 1 2 
C D 5 8 1/5 11.1 ± 2.9 <0 .001 
C D I a 1/5 23.2 ± 4 . 7 
HLA D R 1/20 25.3 ± 8.4 
C D I 8 1 /2000 30.0 ± 3.7 < 0.008 
CD49d 1/2000 30.5 ± 3.1 < 0 . 0 0 5 
C D 4 9 e 1/500 33.2 ± 8 . 6 <0 .001 
C D 4 9 f 1/500 29 7 ± 4.7 <0 .011 
Fibronectin 1/2 14.5 ± 1.9 <0 .001 
Protein S-100 1/2 21.7 ± 4 . 6 

' Lymph cell samples (0.1 ml) were centrifugated and pellets were 
incub;ilcd with 20/il of antibody dilutions for 30 min al 4"C. Cells, 
thereafter, were supplemented with 0.1 ml of lymph and 0.1 ml of 
0.15M NaCl and incubated for 4 h al 37°C. 

Data arc the mean of duplicate determinants o f three or more 
experiments ± SD. Different dilutions of used antibodies were 
studied and these giving the effect are presented. 

* P versus control. 

Table 3. Effect of exogenous cytokines on spontaneous in vitro 
binding of lymphocytes by dendritic cells from skin peripheral 
lymph 

Reagents11 Concentration % ofcluslers' ' 

lymph 50% in 0.15M NaCl 22.3 ± 4 3 
+ I L l a (pg/ml) 1000 22.5 ± 2 . 0 

500 23.1 ± 9 . 0 
50 18.5 ± 6.3 

+ ILIRa (ng/ml) 400 25.8 ± 9 . 5 
100 23.5 ± 10.2 

+ IL6 (ng/ml) 200 22.6 ± 5.2 
50 28.7 ± 9 . 2 
25 23.7 ± 3 . 5 

+ IL1Q (pg/ml) 100 30.2 ± 8.1 
50 22.2 ± 4 . 3 

+ ILIfJ + ILIRa 100 + 400 22.3 ± 6 . 2 

* Lymph cell samples (0.1 ml) suspended in lymph were diluted I : I 
wiih 0.15m NaCl (control) and mixed wiih 0.1 ml of reagents diluted 
with 0.15 M NaCl, ihen incubated for 4 h at 37°C. 

h Data are the mean of duplicate determinants of three or more 
experiments. 

* P versus control with 5 0 % lymph. 

t P versus I LID. 
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Tabic 4. Effect o f e n d o g e n o u s \L\P and 1LI Ra on m vitro peripheral lymph dendritic cell cluster 

formation with a u t o l o g o u s lymphocytes 

Reagents'1 Concentrat ion % of clusters (mean ± S D ) h 

lymph 5 0 % in 0 .15 m NaCl 29 6 ± 5 8 

+ a n i i - I L l ; < ( / / g / m l ) 100 22.5 1 4 4 *P < 0 .02 
50 24.6 ± 7 9 

4 ant i -ILl Ra </»g/ml) 10 42 .8 1 9 .0 * P < 0 003 
2 33.8 ± 6 .9 

° Lymph ccll s a m p l e s (0.1 ml) suspended in lymph were mixed 1 : I with reagents diluted with O.I5m N a C l 

and incubated for 4 h at 37°C. 

' 'Data arc the m e a n o f dupl icate determinants of three or more exper iments i S D 
* P versus contro l with 5 0 % lymph 

ILI,? was added to the system, a significantly enhanced cell 
clustering was seen (30.2 ± 8 . 1 % versus 22.3 ± 4 . 3 % . 
P < 0.03). This effect was abrogated by treatment with 
I LI Ra, a competitive inhibitor of 1LI rcccptor (30.2 4 8.1 %. 
versus 22.3 ± 6.2%.. P < 0.05) (Tabic 3). The enhancing ellect 
of endogenous ILI/? in lymph was abrogated by adding of 
anti-ILl/? antibody (22.5 ± 4.4% versus 29.6 ±5.8%,. 
P < 0.02) (Table 4). Binding of lymph cclls was also enhanced 
by treatment with anti-ILl Ra antibody neutralizing the 
endogenous lymph ILIRa (42.8 ± 9 . 0 % versus 29.6 ± 5 . 8 % , 
P < 0.003) (Table 4). As shown in Table 5, lymph ccll 
attachment was significantly increased in the presence of 
exogenous T N F a (46.5 ± 6 . 0 % versus 30.9 ± 7 . 1 % . 
P < 0.001). The enhancing cffcct of endogenous T N F a in 
lymph was abrogated by anti-TNFa antibody (21.5 ± 6 . 4 % 
versus 30.9 ± 7 . 1 % . P < 0.03). In order to investigate the 
cffcct of endogenously produced T N F a , the pentoxifylline, 
an inhibitor of T N F formation, was used. The inhibitory 

cllccl of pentoxifylline on lymph ccll clustering was tlose-
dcpcndcnl (Table 5). Exogenous ILK) significantly reduced 
lymph cell binding from 30.9 ± 7 . 1 % to 22.2 ± 3 8%, 
(P < 0.005) (Table 5). 

DISCUSSION 

Dcndritic cclls play a dominant role in autologous and 
allogeneic mixed Icucocytc reaction (MLR) [13, 14], Cluster 
formation of D C with T lymphocytes represents an essential, 
but insufficient, step in T ccll activation. In the induction 
stage of ccll contact, naive T cclls bind to DC by an antigen-
independent mechanism [4. 15], but only specific T cclls can 
be fully activated. In our presenl study we have explored the 
molecular basis of autologous T ccll adhesion to DC observed 
in the peripheral lymph |4j and the possible role of cytokines 
and adhesion molecules in this process. The physical contact 
of DC with lymphocytes depends on engagement of adhesion 

Tabic 5. Effect o f T N F a on in vitro lymph ccll cluslcr formation 

Reagents11 Concent ration % of clusters'1 P* 

lymph 5 0 % in 0 .15 M NaCl 30 9 ± 7.1 

+ T N F a (ng /ml ) 5.0 46 .5 ± 6 0 < 0 . 0 0 1 

2.5 34 6 ± 8.1 

+ a n t i - T N F a (/i l /ml) 50 21.5 ± 6 4 < 0 .03 

10 31 .3 ± 5.3 

+ Pentoxifyl l ine ( / /g /ml) 500 10.8 ± 4.9 < 0 . 0 0 1 
100 21.2 ± 5 8 < 0 . 0 0 1 

10 21.7 ± 3.0 < 0 .003 

+ ILI0 (ng /ml ) 100 22.2 ± 3.8 < 0 . 0 0 5 

50 26.5 ± 9.5 

* Lymph cell s a m p l e s (0.1 ml) suspended in lymph were mixed 1 : 1 with 0 I ml of reagents diluted 

with 0.15 m N a C l and incubated for 4 h at 37CC. 
b Data are the mean o f duplicate determinants of three or more experiments . 

*P versus contro l with 50% lymph. 
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molecules. Analysis of the expression of adhesion receptors 
on the canine peripheral lymph DC revealed that these cells 
express CD54<ICAM I), CD58(LFA3) and CD 18(LFA1 /?), as 
well as CD49d and CD49e ( V L A 4 Q , V L A 5 « ) . Moreover, 
expression of cell surface fibronectin was detected. The CD54 
and CD58 molecules were found to play a key role in the 
'spontaneous' binding of lymph cells, since antibodies direc-
ted against them significantly reduced in vitro cluster forma-
tion. Blocking effect of the ICAMI antibody on cluster 
formation was observed for human blood DC in an allogeneic 
M L R [16] but not for the tonsil DC [17]. Our findings that T 
cell clustering with lymph D C is dependent on the CD58 
molecule remain in contrast to the situation observed with 
blood DC [16]. There are controversial reports concerning 
tonsil D C [17,18]. An inhibitory effect of anti-lCAMl anti-
body was observed in allogeneic MLR with tonsil DC [17] 
and of anli-LFA3 antibody in primary proliferative response 
of cultured Langerhans cells [19]. Antibodies against ICAMI 
and LFA3 reduced T cell proliferation in MLR with blood 
DC [20]. It may result from different incubation time and 
concentration of antibodies. It is also possible that different 
antibodies may recognize different epitopes of a certain 
molecule and therefore may not be sufficient to inlluencc 
cell cluster formation. 

In case of anti-LFAl/? (CD18) antibody its pro-
aggregatory activity was seen. Our results confirm data 
reported by Xu el al. [20], but do not concert with the findings 
of Scheeren et al. [16]. This may result from different testing 
conditions. It is also possible that Abs applied may have 
recognized different epitopes of the CDI8 molecule. We also 
observed the enhanced lymph cell clustering in the presence of 
anti-VLA4a, - V L A 5 a and -VLA60 antibodies. Such adhe-
sion promoting activity has been demonstrated for CD44 [16] 
and CD45 [20] in case of blood DC. Koopman el al. [21] 
observed stimulation of homotypic T cell adhesion by two of 
four used anli-CD44 antibodies. This stimulatory activity did 
not represent a dose-dependent problem due to a low CD44 
molecule expression or to a low binding affinity. The induc-
tion of other adhesion pathways (LFA1-ICAM1 and CD2-
LFA3) by triggering of CD44 receptor was postulated. Our 
results concerning the pro-aggregatory activity of anti-CD 18 
and - C D 4 9 (d,e,f) moAbs also seem to be not related to the 
amount of antibody. Other control Abs, anti- C D l a , -S 100 
protein or HLA DR had no effect on lymph cell cluster 
formation. Anli-DR antibodies are unable to disrupt cluster 
formation in a 4 h assay [16], however, they reveal strong 
inhibition of MLR. Fibronectin is a multifunctional molecule 
and can act as the substrate for ccll adhesion by VLA4 and 
VLA5 receptors [22], Antibodies against fibronectin are more 
effective in inhibition of T cell adhesion to FBN than the anti-
VLA5 Abs [23]. In our study a reduced binding of lymph DC 
with T lymphocytes was observed alter treatment with anti-
FBN Abs. It remains in agreement with observations of 
Klingemann et al. [24] on the inhibitory effect of anti-FBN 
antiserum on canine blood DC-lymphocyte cluster formation. 

Analysis of the effect of cytokines, which are constitulively 
present in skin afferent lymph, revealed that the pro-
inflammatory IL1 and TNFr» can be responsible for 'sponta-
neous' cell clustering. The IL6 had no such effect on cluster 
formation. Our finding concerning IL1 supports the notions 
that ILI could enhance clustering of mouse D C with T cclls in 
MLR [25] and that ILI administered in vivo was found to be 
important in the initiation of primary immune response in 
skin [26]. Our data demonstrate that ILI/? rather than I L l a is 
responsible for the enhanced cluster formation of autologous 
DC and T cells. Effect of ILI/? was reduced by the ILI(3 
neutralizing antibody and by the ILI receptor antagonist. 
ILI Ra alone had no effect on cluster formation in lymph but 
administered together with exogenous ILI 13 blocked the 
enhancing effect of ILI/? on cell attachment. The presence 
of ILI Ra in lymph could be responsible for the lower cluster 
formation in whole lymph observed by us, compared with 
lymph diluted to 50% of normal concentration [4], Neutraliz-
ing of ILI Ra in lymph with the antibody brought about the 
augumented cluster formation. This indicates that ILIRa, 
which is a competitive inhibitor of the ILI/? receptor [27], can 
prevent activation of cells by I LI/? even in the induction phase 
of cell co-operation. Collectively, these results argue for a 
critical role of ILI/? and its inhibitor in DC-induced primary 
T cell response. Therefore, IL IRa may be therapeutically 
useful in treatment of skin diseases. Administered in vivo 
ILI Ra was able to reduce the severity of several inflammatory 
diseases in animals and humans [28-30], 

Our data also indicate that human T N F a has properties 
enhancing in vitro cell custering and this effect is reduced by 
treatment with the neutralizing anti-TNFa antibody. Koide 
et al. [25] observed little effect of human T N F on murine cell 
clustering in the MLR. Murine T N F a , which maintans the 
viability of murine Langerhans cells in vitro, did not induce 
the functional maturation of these cells and cluster formation 
in the MLR [31], These discrepancies can be explained by 
differences observed between the murine and human T N F 
in vitro and in vivo activities [32], Pentoxifylline has recently 
been shown to modulate T N F a in vitro and in vivo production 
[33, 34], In our system the inhibitory effect of pentoxifylline 
on lymph cell cluster formation was dose-dependent. These 
results also argue for a modulatory role of T N F a in DC 
clustering with T cells. 

Interestingly, IL10 can act 111 the early step ol DC- T cell 
co-operation, on cell cluster formation. ILIO was reported to 
inhibit the primary allogenic T cell response to mouse [35] and 
human [36] LC in vitro. Recently, Wang et al. [37] showed that 
the presence of localized IL10 secretion at the site of the 
allogeneic tumor cell challenge resulted in a marked inhibi-
tion of C T L generation in vivo. In vitro inhibition of allor-
eaclivity by IL10 was observed using both spleen-derived DC 
and macrophages, which shows the potential clinical use of 
this cytokine. 

A question remains regarding the nature of changes 
induced in DC by cytokines. It is known that cytokines can 
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influence expression of adhesion molecules in LC culture. The 
increased ccll adhesion could he due to: (I) up-rcgulation of 
previously exsisting molecules; (2) induction of new mole-
cules; or (3) changes in allinity of receptors associated with 
altered receptor density, epitope expression or membrane 
mobility. We do not demonstrate changes in the expression 
or the affinity of adhesion molecules in our 4 h assay, but such 
changes might be expected to occur. Recent studies showed 
that expression of several co-stimulatory molecules on LC 
undergoes regulation by cytokines in culture. ICAMI expres-
sion on mouse L C was up-regulated by ILI and down-
regulated by ILIO after 72h culture [381. T N F a was able to 
augment the expression of B7 [39], which is a critical acces-
sory molecule, but seems not to play a pivotal role in LC-T 
cell clustering [40], Mechanism of ILIO action on DC func-
tion is not yet clear. Pcguet-Navarro et al. [36] suggested that 
the suppressive effect of ILIO was not related to the expres-
sion of ICAM I and LFA3 antigens on human LC. Enk et al. 
[35] showed that the inhibitory effect of ILIO on mouse LC 
was observed when fresh but not cultured L C were used, and 
this elTcct was not mediated by M H C class II expression. It 
suggests that ILIO can influence other unknown molccule(s) 
or can change the affinity of existing molecules. 

In conclusion, our data demonstrate that ICAMI and 
LFA3 dependent pathways of ccll contacts arc associated 
with 'spontaneous' lymph cell clustering and that the presence 
of pro-inflammatory cytokines as ILI/? and T N F a in periph-
eral lymph may be responsible for enhancement of this 
process. ILI Ra and ILIO appear to be the important factors 
for the inhibition of the early stage of skin immune cell co-
operation. Whether the cytokines regulate cluster formation 
through modulation of lymph D C adhesion molecule will be 
investigated in our further studies in the future. 
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Skin Allografts—Host Cutaneous Veiled Cells Initiate Rejection 
Reaction by Indirect Pathway of Allorecognition 

H. Galkowska, M. Moscicka, E. Cybulska, U. Wojewodzka, d. Mijal, and W.L Olszewski 

T- C E L L r e c o g n i t i o n o f a l l o a n t i g e n is a c e n t r a l a n d 

p r i m a r y e v e n t i n i t i a t i n g a l l o g r a f t r e j e c t i o n , w h i c h 

l e a d s t o t h e d e s t r u c t i o n o f e n g r a f t e d t i s s u e s . S k i n a l l o g r a f t s 

a r e a c u t e l y r e j e c t e d in l a r g e a n i m a l s d e s p i t e i n t e n s i v e 

i m m u n o s u p p r e s s i v e t h e r a p y . S k i n m i g r a t i n g i m m u n e a n d 

r e s i d e n t c e l l s a s d e r m a l d e n d r i t i c c c l l s ( D C ) , l y m p h v e i l e d 

c e l l s ( V C ) , e p i d e r m a l L a n g e r h a n s c e l l s ( L C ) , l y m p h o c y t e s 

( L Y ) , a n d e n d o t h e l i a l c e l l s a s w e l l a s k e r a t i n o c y t e s m a y p l a y 

a r o l e . It is g e n e r a l l y a c c e p t e d t h a t t h e r e a r c t w o p a t h w a y s 

o f a l l o r e c o g n i t i o n . In t h e " d i r e c t " p a t h w a y h o s t T c c l l s 

i n t e r a c t wi th in tac t a l l o a n t i g e n s o n t h e s u r f a c e o f d o n o r 

c c l l s . In t h e " i n d i r e c t " p a t h w a y h o s t T c c l l s r e c o g n i z e 

p r o c e s s e d a l l o a n t i g e n p r e s e n t e d by s e l f - a n t i g e n p r e s e n t i n g 

c e l l s ( A P C ) . It h a s b e e n s u g g e s t e d t h a t a c u t e s k i n a l l o g r a f t 

r e j e c t i o n is p r e d o m i n a n t l y m e d i a t e d by t h e d i r e c t p a t h w a y 

b e c a u s c t h e g r a f t c o n t a i n s a s i g n i f i c a n t n u m b e r o f L C a n d 

d e r m a l D C . T h e s e c c l l s p r e s e n t a n t i g e n a n d p r o v i d e c o -

s t i m u l a t o r y s i g n a l s t o T c e l l s . T h e r e is a l s o i n c r e a s i n g 

e v i d e n c e f o r a s i g n i f i c a n t r o l e o f t h e i n d i r e c t p a t h w a y in 

a l l o r e s p o n s e . 1 2 T h e c o m p l e x i t y o f c e l l u l a r i n t e r a c t i o n s in 

s k i n a l l o g r a f t r e j e c t i o n p r o m p t e d u s t o f i n d a m o d e l w h e r e 

t h e r o l e o f r e c i p i e n t D C in i n i t i a t i o n o f t h e r e j e c t i o n p r o c e s s 

c o u l d b e s t u d i e d . 

W e h a v e u s e d a c a n i n e s k i n t o s e v e r e c o m b i n e d i m m u -

n o d c f i c i c n t ( S C I D ) m o u s e t r a n s p l a n t m o d e l . T w o w e e k s 

a f t e r s k i n g r a f t i n g , w h e n d o n o r L C h a d m i g r a t e d o u t f r o m 

t h e t r a n s p l a n t / c a n i n e p e r i p h e r a l l y m p h V C a n d L Y o r 

p e r i p h e r a l b l o o d m o n o n u c l e a r c e l l s ( P B M C ) a l l o g e n e i c to 

t h e g r a f t w e r e i n j e c t e d i n t r a p e r i t o n e a l ! } ' , a n d t h e r e j e c t i o n 

r e a c t i o n w a s f o l l o w e d . R e s u l t s o f o u r s t u d i e s s u g g e s t tha t 

a l l o g e n e i c V C p r o m o t e r e c r u i t m e n t o f T c e l l s t o s k i n 

a l l o g r a f t a n d s u b s e q u e n t l y g r a f t r e j e c t i o n . 

M A T E R I A L S A N D M E T H O D S 

M i c e 

F O X C H A S E C.B.-17 S C I D micc were obta ined from IFFA 
C R E D O (L Arbrcslc. C e d c x . France) and bred at Medical Re-
search Center (Warsaw. Po land) in a pathogen-free env ironment . 
All an imals used were 6 - w c e k s old and had less than 5 mg'L of 
scrum IgG by radial immunodi f fus ion assay (Nanor id . T h e Binding 
Site. Birmingham. U K ) . E a c h m o u s e was screened for the absence 
of C D 3 - peripheral b l o o d T lymphocytes by flow cytometry with 
rat a n t i - m o u s e - C D 3 P E m o n o c l o n a l antibody ( A b ) (Scro tec LTD. 
Kidl ine lon . England). 

© 2001 by Elsevier Sc ience Inc. 
6 5 5 A v e n u e of the A m e r i c a s , N e w York, NY 1 0 0 1 0 

D o g s 

Normal mongre l dogs (n = 3) and three dogs with l ymphedema 
fo l lowing surgical interruption o f lower leg lymphatics served as 
donors of skin grafts and cel ls from peripheral lymph and blood. 
T h e average concentrat ion o f lymph cells was 2.2 ± 1.3 x |()'' mL; 
the percent of cclls with D C morpho logy was 3.2 t 1.7. Peripheral 
lymph ccl ls consisted of about 80% C D 3 + T lymphocytes . 

S k i n G r a f t i n g 

Canine skin sheets obta ined from the groin under general anesthe-
sia were cut into 10/15-mm p ieces and stored in cold 0.9% NaCl 
until cngra f tmcnl . S C I D micc were anesthet ized by intramuscular 
injection of kctaminc and intraperitoneal injection of 3 .6% chloral 
hydrate. T h e skin graft was p laced on the dorsum. T h e dressing was 
removed after 10 days. 

C a n i n e L e u k o c y t e I so la t i on a n d I n o c u l a t i o n 

P B M C were isolated on L y m p h o p r e p ( N v c o m c d . Os lo , Norway) 
gradient as described previously 4 and suspended in 0.9% NaCl for 
injection. Peripheral lymph ccl ls were obta ined from lymph col-
Icctcd by percutaneous puncturc of dilated lymphatics and centrif-
ugation. Pure (100% ) populat ion of lvmph LY and enriched (over 
5(1% ) populat ion of lymph V C were obtained on 12% metr izamide 
gradient ( N v c o m c d ) , as descr ibed previously.5 T o neutralize host 
natural killer cclls and opt imize the cngraftmcnl of canine cclls. 
micc were injected with 10 /j.1. IV of ant i -as ia lo-GM-1 ( W a k o 
Chcmica l s Richmond. V a) in a v o l u m e of (1.2 mL sal ine. 24 hours 
be fore intraperitoneal ccll inoculat ion. 

E x p e r i m e n t a l Se t t i ng 

Exper iments were carried out in four groups. In group I (n = 9) 
2 x K)7 can inc al logeneic w h o l e lymph cclls. in group 2 (n = 3) 
lymph LY-cnriched populat ion , in group 3 (n = 3) lymph VC-
cnrichcd populat ion, and in group 4 (n = 3) P B M C were injected 
intraperitoneal!) into recipients of skin grafts 2 w e e k s after trans-
plantation. In the control group (/; = 3). caninc syngeneic whole 
lymph ccll populat ion was g iven. 

From the Depar tment of Surg ica l Research and Transplanto l -
ogy , Med ica l Research Center , Pol ish A c a d e m y of Sc iences, 
Warsaw, Po land (H.G.. M . M . , E.C., U.W., J .M. , W.L.O.) and 
No rweg ian Radium Hospi ta l , Oslo, Norway (W.L.O.). 
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search Center . Polish A c a d e m y of Sc iences, 02 -106 Warsaw, 
Paw insk iego str.5. 
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Fig 1. Histologic appearence of canine skin graft to SCID 
mouse harvested 3 weeks after engraftment and stained with 
H&E. Arrow points to the border between canine (thick) and 
mouse (thin) epidermis (X100). 

Histology and Immunohistochemistry 

Skin grafts were harvcslcd 7 days after cciI inoculation. One half of 
the skin spccimcn was snap frozen in dry ice-cold acctonc and 
stored al -70°C until use lor eryostat sections. The other half was 
formalin fixed. paraftin embedded, and stained with hematoxylin 
and cosin. CD3 + canine T-cell infillralcs wcrc identified with 
antihuman CD3 polyclonal Ab (Dako, Denmark) diluted l/KK). 
Vciled cells were visualizcd with specific monoclonal Ah DCIII/2 
raised in our. laboratory.5 Cryostat sections were blocked for 20 
minules in 50% normal swine serum before incubation with 
primary Ab (omitted in controls). Positive cells wcrc dctectcd with 
LSAB2-alkalinc phosphalasc complcx and fast red according to the 
manufacturer s instruclions (Dako). 

RESULTS 
Histopatologie Characterization of Canine Grafts Placed on 
SCID Mice 

Initial studics revealed that canine skin grafts placed on 
SCID C.B.-17 mice healed in 2 weeks. Fuli thickness canine 
epidermis was clearly distinguishable from thin mouse 
epidermis (Fig 1). No infiltrates were obscrved in the bed 
and border of the graft 1 month after transplantation 
(Fig 2). 

Histopatologie Characterization of Canine Skin Grafts 
Placed on SCID Mice Inoculated With Allogeneic 
Canine Leukocytes 

In group 1. transfer of whole lymph celi population (LY and 
VC) caused after 7 days mononuclear celi and granulocyte 
infiltration ( > - ) in graft's bed. Somc infiltrating cells at the 
border of canine and mouse papillary dermis ( - ) . and at 
the epidermodermal junction ( ~ ) were seen (Fig 3a). No 
evident destruction of epidermis was obsened. however. 
there were foci of acanthosis. Minor mobilization of mono-
nuclear cells and granulocytes ( - ) was seen around the 
graft venules. 

In group 2. allogeneic LY accumulated together with 

GAŁKOWSKA, MOŚCICKA, CYBULSKA ET AL 

Fig 2. Higher magnification (x200) of graft shown on Fig 1 
depicting intact canine dermal-epidermal junction and lack of 
infiltrates in the dermis. 

some granulocytes in graft's bed ( + ) and at the epidermo-
dermal junction ( + ). Epidermis remained intact (Fig 3b). 

In group 3. transfer of VC-enriched population resulted 
in intense mononuclear celi and granulocyte infiltrates in 
dermis ( + + ) and around microvessels ( + + + ). Diffuse 
infiltrates of mononuclear cells and granulocytes wcrc 
observed at the cpidermo-dermal border ( + + + ) (Fig 3c). 
Extensive necrosis of epidermis in the midportion of the 
graft was seen. On immunohistochemical pictures (data not 
presented). canine veiled cells (DC-III/2 + ) were seen in 
canine dermis but not epidermis. Graft infiltrating cells 
were predominantly canine CD3+ cells, however. there 
were also many mouse granulocytes. 

In group 4. skin grafts in mice inoculated with PBMC 
were slightly infiltrated by mononuclear cells ( + / - ) • There 
wcrc no perivascular celi accumulation and epidermis 
looked normal (Fig 3d). 

In the control group. after injection of syngcneic whole 
lymph ccils. the graft remained entircly normal (data not 
presented). 

DISCUSSION 

SCID mice are permissive for the growth of xenogeneic 
lymphoid cells'' and tissues.s Murray et al" developed a 
chimcric human'SCID mouse model to study human skin 
allograft rejection. They allowed the skin graft to heal prior 
to intraperitoneal infusion of allogeneic PBMC in a large 
number (3 x ]()s cells) and observed accumulation of 
dermal T cells expressing CD25 marker and destruction of 
dermal microvasculature. The changes in dermal microves-
sels were independent of human B cells and antibodies.1" 
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REJECTION BY INDIRECT PATHWAY OF ALLORECOGNITION 629 

Fig 3. Histologic appearence of canine skin harvested from SCID mouse 2 weeks after engraftment and 7 days after injection of 2 x 
107 IP canine allogeneic leukocytes, stained with H&E (x200). Skin graft harvested from an anima! that received: (a) whole lymph cells, 
(b) lymph lymphocytes, (c) lymph veiled (dendritic) cells, and (d) peripheral blood mononuclear cells. Note diffuse infiltrates at the 
epidermo-dermal junction in (c) with total destruction of epidermis. 
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Interestingly, in this SCID/chimera model, authors" did not 
observe extensive necrosis of the epidermis, which was 
reported after transplantation of human skin to an alloge-
neic recipient. 

We introduced a novel SCID mouse/canine skin allograft 
model to test the effect of recipient V C on T-cell mediated 
allograft injury. Our data suggest that the accumulation of 
canine T cells in the graft is mediated by the presence of V C 
in the injected population and that infiltrating cells may be 
activated to alloantigen presented by the VC. Wecker et 
a l " observed that SCID mice reconstituted with unfraction-
ated lymph node cells (containing DC) generated strong 
skin allograft rejection. The importance of DC in allograft 
destruction is supported by our observation that CD3 + 
T-cell infiltrates in graft dermis and epidermis were more 
extensive after injection of the whole population of lymph 
cclls (with VC) than PBMC. 

Recently, Moulton et al12 observed that the infiltration of 
human skin/SCID chimeras by human PBMC was associ-
ated with angiogenesis in the graft that was observed 7 days 
after ccll inoculation. Our findings do not excludc the 
possibility that T lymphocytes activated by VC or VC 
themselves could induce angiogenesis and massive T-cell 
infiltration. 

In summary, canine peripheral lymph V C facilitate T-cell 
recruitment into allogeneic skin graft, leading to extensive 
dermal destruction of the graft compared to the rather 

GALKOWSKA, MOSCICKA, CYBULSKA ET AL 

feable effects of lymph LY or PBMC. These data comply 
with the role of the recipient professional A P C in allorecog-
nition and skin rejection. 
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E L S E V I E R 

Cutaneous CsA-Resistant Veiled (Dendritic) Cells Are Responsible for 
Uncontrolled Skin Allograft Rejection 

H. Galkowska, M. Moscicka, E. Cybulska, U. Wojewodzka, J. Mijal, and W.L. Olszewski 

SKIN A L L O G R A F T S , in contrast to other organ trans-
plants, are acutely rejected despite intensive immuno-

suppressive therapy with cyclosporin A (CsA). The mecha-
nism of resistance to this drug remains unclear.1 Skin tissue 
fluid and lymph contain migrating immune cells, among 
them large veiled cells (VC) and lymphocytes (LY). A drop 
of lymph freshly drawn from a skin afferent lymphatic 
contains 3 to 6% of clusters formed by VC and T cells, 
which signifies the in vivo cooperation of these subpopula-
tions." Spontaneous clustering is the first phase of antigen 
recognition and alloantigen presentation to T cells by 
dendritic cells (DC). Inhibition of cell clustering would 
presumably down-regulate this process. The question arises 
as to whether cutaneous V C arc the principal cclls initiating 
skin allograft rejection and whether other than CsA immu-
nosuppressants can inhibit clustering of VC with autologous 
LY. 

To investigate the role of recipient VC in initiation of the 
rejection process, we have used canine skin to severe 
combined immunodeficient (SCID) mouse transplant 
model. Two weeks after skin grafting, when donor LC had 
migrated out from the transplant.? canine peripheral lymph 
VC and LY allogeneic to the graft were injected IP, and the 
rejection reaction was followed. Our in vitro model of 
cluster formation served as studies on the cffcct of immu-
nosuppressants on VC-LY binding. Our results suggest 
that, allogeneic to the skin graft, VC promoted recruitment 
of autologous T cclls to the graft's dermis and subsequently 
graft destruction. Immunosuppressants like CsA, azathio-
prine (AZ), dexamethasone (DM), and hydrocortisone 
(HC) had no effect on V C clustering with autologous LY in 
vitro. Methylprednisolone (MP) and FK506 had a potent 
inhibitory effect, even at very low doses. 

MATERIALS AND METHODS 
Mice 

F O X C H A S E C.B. - I7 S C I D mice were obta ined from IFFA 
C R E D O (L'Arbrcsle. C e d e x . France) and bred at Medical Re-
search Center (Warsaw. P o l a n d ) in a pathogen-free env ironment . 
All animals used were 6 w e e k s old and had less than 5 mg1_ of 
serum IgG by radial immunodi f fus ion assay (Nanorid . T h e Binding 
Site, Birmingham. UK) . Each m o u s e was screened for the absencc 
of C D . V peripheral b l o o d T lymphocytes by flow cytometry with 
rat ant imouse C D 3 / P E m o n o c l o n a l antibody ( A b ) (Sero tec L T D . 
Kidlington. England). 

© 2001 by Elsevier Science Inc. 
655 Avenue of the Americas, New York, NY 10010 

Dogs 

Normal mongrel dogs (n = 3) and three dogs with l y m p h e d e m a 
fo l lowing surgical interruption of lower leg lymphatics served as 
donors of skin grafts and cel ls from peripheral lymph. T h e average 
concentrat ion of lymph cel ls w as 2.2 z 1.3 x 10h mL; the percent 
of cel ls with D C morphology was 3.2 * 1.7. Peripheral lymph cel ls 
cons i s ted of about 80% C D 3 * T lymphocytes . 

Skin Grafting 

Canine skin sheets obtained from groin under general anesthes ia 
were cut into 10/15-mm p ieces and s tored in cold 0 .9% NaCl until 
engraf tment . S C I D mice were anes thet i zed by IM injection of 
ke tamine and IP injection of 3 .6% chloral hydrate. T h e skin graft 
was placed on the dorsum. T h e dress ing was removed after 10 days. 

Canine Leukocyte Isolation and Inoculation 

Peripheral lymph cells were obta ined from lymph co l lcc ted by 
p e r c u t a n e o u s puncture of di lated lymphatics and centri fugat ion. 
Pure ( 1 0 0 % ) population of lymph LY and enriched (over 5 0 % ) 
populat ion of lymph V C were obta ined on 12% metr izamide 
gradient ( N y c o m e d ) as descr ibed previously.'* T o neutralize host 
natural killer cclls and opt imize the engraf tment of canine cells, 
mice were injected IV with 10 uL of ant i -as ia lo-GM-1 ( W a k o 
Chemicals , Richmond, Va. U S A ) in a v o l u m e of 0 .2 m L saline, 24 
hours before IP cell inoculat ion. 

Experimental Setting 

Exper iments were carried out in three groups. In group 1 (n = 9) 
2 x ]()7 caninc al logeneic w h o l e lymph cclls were s u s p e n d e d in 
0.9% NaCl; group 2 (n = 3) was lymph LY-enr iched populat ion; in 
group 3 (n = 3) lymph V C - c n r i c h e d populat ion were injected IP 
into recipients of skin grafts 2 w e e k s after transplantation. In 
control group (n = 3) canine syngene ic who le lymph ccll popula-
tion was given. 

Histology and Immunohistochemistry 

Skin grafts were harvested 7 days after cell inoculation. O n e half of 
skin spec imen was snap-frozen in dry ice-cold acetone and stored at 
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Table 1. The Effect of Immunosuppressants on Lymph Cell Binding after 4 Hours of Incubation at 37'C 

Drugs Concentration 
% of Ousters 
(mean ; SD) P value 

Sal ine (control) 0 . 1 5 M 2 0 . 1 r 3 . 5 

HC 1 0 ' 5 M 2 1 . 1 £ 7.1 

1 0 " 6 M 2 3 . 5 - 4.1 

DM 1 0 " 5 M 1 8 . 0 i 10 .7 

1 0 6 M 1 8 . 5 £ 3 . 7 

MP 1 0 5 M 14.1 i 5 . 5 < . 0 5 
1 0 " e M 1 3 . 5 * 4 . 4 < . 0 5 

C s A 5 u g / m L 1 9 . 3 - 5 . 8 

0 . 5 ug /mL 2 2 . 5 £ 5 . 5 

AZ 5 ug /mL 2 0 . 3 £ 5 . 5 

0 . 5 ug /mL 2 0 . 0 £ 4 . 0 

FK 5 0 6 4 ug /mL 9.1 ± 2 . 4 < . 0 5 
0 . 4 u g / m l 1 1 . 5 ± 2 . 8 < . 05 
0 . 0 4 ug /mL 1 2 . 0 £ 3 . 2 < . 05 

Abbreviations: HC. hydrocortisone: DM, dexamethasone: MP, methylprednisolone; CsA, cyclosporme A: AZ, azathioprine: FK 506, tacrolimus. 

- 7 0 ° C until u s e f o r eryostat s e c t i o n s . T h e o t h e r half w a s f o r m a l i n -

fixed, p a r a f i i n - e m b c d d e d , and s t a i n e d w i t h h e m a t o x y l i n a n d c o s i n . 

C D . V c a n i n e T c e l l infi l trates w e r e i d e n t i f i e d wi th a n t i h u m a n C D 3 

po lyc lona l A b ( D a k o . D e n m a r k ) d i l u t e d l/IOO. V e i l e d c e l l s w e r e 

v i sual ized w i t h s p e c i f i c m o n o c l o n a l A b D C l l l / 2 ra i sed in o u r 

laboratory.'' C r y o s t a t s ec t i ons w e r e b l o c k e d for 20 m i n u t e s in 5 0 % 

normal s w i n e s c r u m b e f o r e i n c u b a t i o n wi th pr imary A b ( o m i t t e d in 

contro l s ) . P o s i t i v e ce l l s w e r e d e t e c t e d w i t h L S A B 2 - a l k a l i n e p h o s -

phatase c o m p l c x and fast red a c c o r d i n g t o the m a n u f a c t u r e r ' s 

ins truct ions ( D a k o ) . 

VC-LY Cell Binding 

V C - L Y b i n d i n g w a s quant i ta ted 4 h o u r s a f t e r incubat ion o f c e l l s at 

37°C in l y m p h m i x e d l : l with a p p r o p r i a t e d r u g s o l u t i o n s or 0 . 1 5 

mol N a C l for c o n t r o l . T h e n u m b e r o f V C wi th t w o or m o r e L Y 

a t tached per 10(1 V C s e e n in severa l r a n d o m l y s e l e c t e d f i e lds w a s 

c o u n t e d by l ight m i c r o s c o p y . I m m u n o s u p p r e s s a n t s w e r e d i s s o l v e d 

in c t h a n o l . a n d s t o c k so lu t ions a f t e r m i x i n g with 0 .15 m o l N a C l 

w e r e u s e d in b o t h phys io log ica l and p h a r m a c o l o g i c a l d o s e s . 

RESULTS 
Histopathologic Characterization of Canine Grafts Placed 
on SCID Mice 

Initial studies revealed liia' canine skin grafts placed on 
SCID C.B.-17 mice healed in 2 weeks. Full-thickness canine 
epidermis was clearly distinguishable from thin mouse 
epidermis. No infiltrates were observed in the bed and 
border of the graft 1 month after transplantation. 

Histopathologic Characterization of Canine Skin Grafts 
Placed on SCID Mice Inoculated With Allogeneic 
Canine Leukocytes 

In Group 1. transfer of whole lymph cell population (LY 
and VC) after 7 days induced mononuclear cell and gran-
ulocyte infiltration (--<-) in graft's bed. Some infiltrating 
cells at the border of canine and mouse papillary dermis 
(-<-) and at the epidermo-dermal junction (-1-) were seen. 
No evident destruction of epidermis was observed: how-
ever, there were foci of acanthosis. Minor mobilization of 

mononuclear cells and granulocytes ( + ) was seen around 
the graft venules. In Group 2, allogeneic LY accumulated 
together with some granulocytes in graft's bed ( + ) and at 
the epidermo-dermal junction ( + ). Epidermis remained 
intact. In Group 3, transfer of VC-enriched population 
resulted in intense mononuclear cell and granulocyte infil-
trates in dermis ( + + ) and around microvessels ( + + +) . 
Diffuse infiltrates of mononuclear cells and granulocytes 
were observed at the epidermo-dermal border ( + + + ). 
Extensive necrosis of epidermis in the midportion of the 
graft was seen. On immunohistochcmical pictures, caninc 
veiled cclls (DC-1II/2+) were seen in canine dermis but not 
epidermis. Graft infiltrating cells were predominantly ca-
nine CD3 * cells; however, there were also many mouse 
granulocytes. In the control group, after injection of synge-
neic whole lymph cells, the graft remained entirely normal. 

Effect of Immunosuppressants on In Vitro 
Cluster Formation 

Treatment with MP resulted in a decrease in the precent of 
formed clusters (Table 1). Other steroids. CsA, and AZ had 
no effect on LY binding. In contrast, FK506 had a potent 
inhibitor)' effect, even at low doses. 

DISCUSSION 

SCID mice arc permissive for the growth of xenogeneic 
lymphoid cells5'' and tissues.' Murray et als developed 
chimeric human/SCID mouse model to study human skin 
allograft rejection. They allowed the skin graft to heal prior 
to IP infusion of allogeneic PBMC in a large number (3 x 
10s cells) and observed accumulation of dermal T cells 
expressing CD25 marker and destruction of dermal micro-
vasculature. The changes in dermal microvessels were in-
dependent of human B cells and antibodies." Interestingly, 
in this SCID'chimera model the authors'" did not observe 
extensive necrosis of the epidermis, which was reported 
after transplantation of human skin to an allogeneic recip-
ient. 
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We introduced a novel SCID mouse/canine skin allograft 
model to test the effect of recipient VC on T cell-mediated 
allograft injury. Our data suggest that the accumulation of 
canine T cells in the graft is mediated by the presence of 
autologous VC in the injected population and that infiltrat-
ing cells may be activated to alloantigen presented by the 
VC. Wecker et al10 observed that SCID mice reconstituted 
with unfractionated lymph node cells (containing DC) 
generated strong skin allograft rejection. The importance of 
DC in allograft destruction is supported by our observation 
that C D 3 + T cell infiltrates in graft dermis and epidermis 
were more extensive after injection of the whole population 
of lymph cells (with VC) than pure lymphocytes. 

Antigen presentation by DC to LY proceeds through 
direct contact of both cell types. Inhibition of cutaneous VC 
and lymphocyte clustering could presumably down-regulate 
the alloantigen recognition in the "indirect" pathway of 
recognition. We attempted to analyze the effect of widely 
used immunosuppressants on cluster formation by autolo-
gous VC and LY in vitro. Among corticosteroids only MP 
used in both physiological and pharmacological doses pro-
duced a statistically significant decrease in the percentage 
of spontaneously formed clusters. CsA and A Z did not 
prevent cell clustering. The FK506 had a potent inhibitory 
effect on cluster formation in vitro. These findings are 
consistent with results of cluster formation in the presence 
of CsA by canine" and human12 blood D C with LY. It 
confirms that FK506 and MP could be superior to CsA in 
prolongation of skin allograft survival. Beneficial effect of 
FK506 on skin allograft survival was observed in rats13 and 
recently in clinical maintenance of human hand allograft.14 

In summary, canine peripheral lymph VC, resistant to 
CsA and sensitive to FK506 and MP in vitro, facilitate 

autologous T cell recruitment into allogeneic skin graft, 
leading to extensive dermal destruction of the graft com-
pared to the rather feable effects of lymph LY. These data 
comply with the role of the recipient DC in allorecognition 
and skin rejection. 
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Inhibition of Formation of Synapses Between Dendritic Cells and 
Lymphocytes in Skin Lymph in an Allogeneic Reaction by 
Cyclosporine and Tacrolimus 

J. Wojewodzka, H. Gałkowska, and W.L Olszewski 

ABSTRACT 
S k i n , a n i m p o r t a n t c o m p o n e n t o f c o m p o s i t e t i s s u e a l l o g r a f t s i s c o n s i d e r e d t o b e a m o n g t h e 

m o s t i r a m u n o g e n i c o f t i s s u e s . T h e raechanisras o f r e s i s t a n c e o f s k i n a l l o g r a f t s t o 

p h a r r a a c o l o g i c a l i r a m u n o s u p p r e s s i o n r e m a i n u n k n o w n . W e i n v e s t i g a t e d t h i s p r o b l e m a t 

t h e l e v e l o f a n t i g e n p r e s e n t a t i o n b y g r a f t d e n d r i t i c c e l l s ( D C ) t o r e c i p i e n t l y m p h o c y t e s ( L ) . 

C e l l s o b t a i n e d f r o m l y m p h d r a i n i n g s k i n w e r e e x a m i n e d f o r f o r m a t i o n o f s y n a p s e s , 

n e c e s s a r y f o r a n t i g e n p r e s e n t a t i o n , i n t h e p r e s e n c e o f c y c l o s p o r i n e ( C s A ) o r t a c r o l i m u s 

( F K 5 0 6 ) . I n c u l t u r e t h e f r e ą u e n c y o f D C - L s y n a p s e s w a s g r e a t e r i n a l l o g e n e i c t h a n 

s y n g e n e i c c o m b i n a t i o n s . C e l l s t r e a t e d w i t h F K 5 0 % s h o w e d a d e c r e a s e d r a t e o f f o r m a t i o n 

o f a u t o l o g o u s o r a l l o g e n e i c D C - L s y n a p s e s a n d l o w e r e x p r e s s i o n o f C D 4 9 d . T h e 

s u p p r e s s i v e e f f e c t o f F K 5 0 6 o n D C - L s y n a p s ę f o r m a t i o n m a y e x p l a i n t h e e f f e c t i v e n e s s o f 

t h i s d r u g f o r s k i n a l l o g r a f t s u r v i v a l . 

DONOR dendritic cells (DC) play a dominant role in 
initiating the rejection of skin allografts. They mi-

grate from the graft to recipient lymph nodes, contacting 
recipient lymphocytes (L). The first phase of antigen pre-
sentation by DC to L demand a dircct contact of both celi 
types: clustering and synapsę formation (Fig l).1 Inhibition 
of synapsę formation between DC and Lwould presumably 
down-regulate alloantigen recognition in skin allografts and 
response to bacterial or viral infections. Cyclosporine 
(CsA) and tacrolimus (FK 506) have been shown to alter 
DC differentiation and L activation.2 We propose that 
these drugs inhibit the formation of synapses between 
DC and L, subsequently down-regulating the initial 
phases of an allogeneic reaction. Previously we have 
shown that CD49d molecules actively participate in 
DC-L synapsę formation.3 In this study we investigated 
the effect of CsA and FK 506 on the expression of CD49d 
molecules on DC and L and the rate of formation of 
synapses. 

MATERIALS AND METHODS 
Collection of Lymph Cells 

Outbred dogs with chronic lymphedema following interruption of 
afferent lymphatics served as the lymph celi donors. Lymph was 

0041-1345/03/S-see front matter 
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collected into tubes with heparin ( 10 U / m L ) by percutaneous 
puncture. The avcrage concentrat ion of lymph or cells was 1.9 ± 
0.7 X 10ń /mL, including 4.4 i 2 . 2 % cells with D C morpho logy and 
3.3 ± 2.8% D C - L clusters. 

In Vitro F o r m a t i o n of D C a n d L S y n a p s e s 

Pure populations of L and cnrichcd populat ion of D C wcrc 
obtained using a 13% metrizamide gradient. Both populat ions 
were mixed at a ratio of 4 x 105 D C 2 X 10h L for culture as 
autologous or allogeneic combinat ions in inactivated fetal calf 
serum or cell-free lymph. T h e number of D C with I or more 
attached L per 100 D C was es t imated under a microscope using a 
X 4 0 0 magnification. 

I m m u n o c y t o c h e m i s t r y of D C - L S y n a p s e s 

The cytospins of autologous and a l logene ic L and D C before and 
after 6-day culture were labelled with ant i -human dog cross-

From the Department of Surgical Research and Transplantol-
ogy, Medical Research Center, Polish Academy of Sciences, 
Warsaw, Poland. 

Address reprint requests to Waldemar L. Olszewski, Depart-
ment of Surgical Research and Transplantology, Medical Re-
search Center, Polish Academy of Sciences, 5 Pawinski Street, 
02106 Warsaw, Poland. E-mail: wlo@cmdik.pan.pl 

© 2003 by Elsevier Inc. All rights reserved. 
360 Park Avenue South, New York, NY 10010-1710 

2376 Transplantation Proceedings, 35, 2376-2378 (2003) 

http://rcin.org.pl

mailto:wlo@cmdik.pan.pl


INHIBITION OF FORMATION OF SYNAPSES 2377 

Fig. 1. Cluster between DC (large celi in the middle) and 3 L. 

rcactivc monoclonal antibodies: HLA-DR (BD PharMingen, San 
Diego, Calif, USA) and anti CD49d (Dako, Glostrup) 

The Effect of CsA and FK 506 on Formation of DC and L 
Synapses 

DC were cultured in vitro with allogeneic or autologous L for 6 
days in the presence of CsA (0.4 fxg/mL) or FK 506 (0.4 jig/mL). 
The number of synapses and the expression of CD49d or HLA DR 
on DC and L was measurcd. 

RESULTS 
The In Vitro Effect of CsA or FK 506 on the Formation of 
Synapses 

DC and L incubated in vitro in the presence of CsA did not 
show fewer synapses either in autologous or allogeneic 
combinations than did the controls, when cultured either in 
RPMI or autologous lymph. In contrast, FK 506 inhibited 
formation of synapses in both autologous and allogeneic 
groups cultured in RPMI as well as lymph. Control autol-
ogous DC and L cultured in RPMI formed 38.8 ± 0.96% of 
synapses compared with 28.0 ± 2.8% for the FK 506 

Tacrolimus-treated cells. The percentage of allogeneic 
DC-L in RPMI synapses was 30.0 ± 14.0, also lower than 
controls (P < .05). FK 506 decreased formation of autolo-
gous DC-L synapses in normal lymph from 46.5 ± 14.7% to 
16.0 ± 5.7% (P < .05) and allogeneic DC-L from 64.0 ± 
6.7% to 41.5 ± 9.2% (P < .05). 

The Effect of CsA and FK 506 on Expression of CD49d 
and HLA DR 

Neither CsA nor FK 506 down-regulated the expression of 
HLA DR on D C and L in clusters. In contrast, both drugs 
significantly reduced expression of CD49d antigen on both 
DC and L, more effectively in lymph than in RPMI medium 
(Fig. 2). This finding correlatcd with lower rate of forma-
tion of synapses. 

DISCUSSION 

This study suggests an increased frequency of DC-L syn-
apses with allogeneic compared with syngeneic combina-
tions in culture. FK 506 decreased the formation rate of 
DC-L synapses in culture and resulted in a reduced expres-
sion of CD49d on DC and L synapses. Analysis of expres-
sion of surface molecules on canine lymph DC and L 
revealed that these cells cxpress C D l a , CD14, CD18, 
CD49d, CD54, CD58, CD86, H L A D R , L, CD3, CD4, 
and CD8 antigens. We found previously3 that there were 
more CD49d and HLA DR alloantigen-stimulated D C 
and L in synapses than in the nonbinding populations. 
These molecules may play a role in synapsę formation. 
While CsA did not decrease the numbers of synapses, it 
down-regulated the expression of CD49d. In contrast, FK 
506 down-regulated both synapsę formation and CD49d 
expression. 

Because CsA down-regulates the responsiveness of L, it 
was anticipated that it would have an inhibitory effect on 
synapsę formation. In our studies, in vivo treatment of D C 
or L with CsA at concentrations used for immunosuppres-
sion did not affect the formation rates of cutaneous lymph 
DC-L, corroborating the data of Woltman <n al demonstrat-
ing a lack of CsA effect on in vitro autologous celi 
binding.2 These findings may explain the Iow effect of 
CsA in skin allograft rejection. In contrast, FK 506 
showed potent inhibitory effects on lymph celi binding. 
Although both FK 506 and CsA exert their effects at the 
same early stage in the L activation process, FK 506 
binding to L during preincubation is stronger and irre-
versible,4 a finding that may explain the differences in 
synapsę formation rate. Interestingly, both drugs de-
creased the expression of CD49d suggesting that other 
molecules play additional roles in the mechanism of 
synapsę formation. 
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Ly DC 
CD49d 
LYMPH 

B RPMI 
Fig. Z Percentage of CD49d* DC and L forming synapses after in vitro culture with CsA and FK 506 in lymph (A) or RPM1(B). 
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LYMPH DENDRITIC CELLS REACT TO BACTERIA - THE MECHANISM OF 
DERMATOLYMPHANGIOADENTTIS 

J.Mijal, W.L.Olszewski, H.Galkowska 

Dcpt.of Surgical Research & Transplantology, Medical Research Center, Polish Academy 
of Sciences, Warsaw 

I N T R O D U C T I O N • 

Bacteria penetrating skin evoke an immediate chemotactic reaction resulting in 
recruitment o f granulocytes, phagocytosis and desintegration of the penetrator. A local 
inflammatory reaction develops with all typical clinical signs. The locally residing 
Langerhans cells, macrophages and lymphocytes a s well as blood mobilized immune 
cells become activated. Some of these populations enter initial lymphatics and are 
transported with lymph stream to the regional lymph nodes. They carry with them the 
ingested or adsorbed bacterial antigens. The lymph nodes are the sites where node 
lymphocytes are primed with antigen and populations of committed cells arise. This is 
recognized clinically a s enlargement of lymph nodes. It has been known for some time 
that the process o f antigen priming of lymphocytes starts already ir. the lymph draining 
from tissues penetrated by bacteria. This function is executed by the migrating dendritic 
cells, which adsorb bacterial cells and travel to the regional lymph nodes, where they 
initiate immune reaction resulting in production o f memory clones o f lymphocytes 
against specific bacterial antigens. This process comprises processing o f antigen and its 
presentation to lymphocytes. Presentation of antigen requires direct physical contact of 
dendritic cell with lymphocytes and formation o f a cluster (immunological synapse). This 
type of clusters is seen in normal afferent lymph draining from skin. In inflammation, the 
number o f formed clusters is directly proportional to the intensity.of the immune process 
developing in the tissues where lymph is drained from. The questions arise which 
chemokines and their receptors, adhesion molecules and their ligands participate in the 
antigens presentation process. Moreover, is tissue fluid and lymph chemical environment 
important in the cluster formation process? Are there differences in dendritic cell 
reaction to extracellular and intracellular bacteria resulting in differences in antigen 
presentation? And finally, do antibiotics inhibit the process o f dendritic cell activation 
and cluster formation? 

In this study we investigated the kinetics of Langerhans (veiled) dendritic cell-
lymphocyte cluster formation during stimulation with Staphylococcus wameri and the 
downregulating effects of penicillin on this process. 

M A T E R I A L & M E T H O D S 

Skin dendritic veiled cells (VC) and lymphocytes (L) were harvested from canine hind-
limb afferent lymph. C were isolated from other lymph populations and 0 .4x10 6 cells 
were cultured with live 2.5x10 6 Staphylococcus wameri for 12 hours. Microscopical 
examination revealed bacterial cells attached to the surface o f V C . Group l .The bacteria-
stimulated V C were suspended with autologous L in the R P M I medium or cell-free 
canine 100% lymph and incubated for 48h. The ,VC were mechanically detached from L 
and cultured for 4 and 24hours for spontaneous cluster re-formation. Usually, 1-3 
lymphocytes attached to a VC. The number of clusters formed in time was measured. 
Group 2 . 3 H - T d R was added to the bactena-stimulated VC- lymphocyte 72 hours culture 
to measure the level o f lymphocyte activation by stimulated VC. Group 3.BrdUrd 
(bromodeoxyundine) in a concentration of 20ug/ml was added to the 48 hours bacteria-
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stimulated VC and lymphocyte culture. The number of BrdUdr-positivc cells was 
counted on smears stained with anti-Brd U rd monoclonal anti body. Group 4. In some 
expcriments, benzathine penicillin in a dose of 120 units/200 ul well was added to the 
VC cultured with Staphylococcus warneri. 3H-TdR was ten added to the 72 hours 
bacteria-stimulated VC-lymphocyte culture. The level of DNA incorporated tracer was 
measured and expressed in cpm. 

R B S U L T S 

Group 1. The percentage of elusters formed in time bersveen bacteria-stimulated V C and 
L was evidently higher than in the controls. The culture of VC-L in lymph resulted in 
higher rate of cluster formation than in RPMI medium (Fig. 1). 
Group 2. The lymphocyte responsiveness to bacteria-stimulated VC was higher that to the 
unstimulated VC, both in lymph and RPMI medium (Fig.2). 
Group 3. The percentage of BrdUrd-positive cells was higher in cultures of bacteria-
stimulated VC-L than when unstimulated VC were used. The positive cells analysed on 
smears were large cells resembling lymphocyte in the S-stage. 
Group 4. The incorporation rate of radioactive H-TdR was lower in cultures 
supplcmented with benzathine penicillin irrespective whether the VC were stimulated or 
not stimulated by Staphylococcus warneri. The culture in 100% lymph or RPMI medium 
also did not influence the lymphocyte responsiveness (Fig.3). 

CONCLUSIONS 

The bacteria-stimulated afferent lymph VC form more elusters with lymph lymphocytes. 
The responsiveness of lymphocytes by bacteria-stimulated VC is higher than in cultures 
with non-stimulated VC. Benzathine penicillin decreases lymphocyte responsiveness 
irrespective of whether the cocultured YC were bacteria stimulated or controls. This last 
finding requires elucidation. 
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Fig. 1. VC-lymphocyte (L ) cluster formation in culture with 
and without Staphylococcus warneri (b) and lymph. 

V C + L RPMI 

b V O L RPMI 

— V C + L LYMPH 

- » — b V C + L LYMPH 

Fig. 2. The responsiveness rate of lymphocytes (L ) cultured 
with bacteria-stimulated (b) and control V C in 100% lymph 

or RPMI medium. Data o f two different expenments are presented (62 and 63). 
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Fig. 3. The responsiveness rate of lymphocytes (L) 
cultures with bacteria-stimulated (b) and control VC in lymph 

and RPMI medium with and without benzathine penicillin (deb). 
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Expression of apoptosis- and cell cycle-
related proteins in epidermis of venous 
leg and diabetic foot ulcers 
Hanna Galkowska, PhD, Waldemar L Olszewski, MD, Urszula Wojewodzka, MSc, Joanna Mijal, MSc, 
and Ewa Filipiuk, Warsaw, Pol/md 

Background. Epithelialiiation of cutaneous ulcers is a long-lasting process. To study the. pathomech-
anism of impaired epithelialization, we evaluated the role of cell cycle- and apoptosis-related proteins in 
the regenerating epidermis. We characterized immunohistochemically the expression of cell cycle regulators 
p63, CD29, PCNA, p53, pro- and antiapoptotic proteins bcl2, bax, caspase 3 and DNA breaks, as well 
as keratin 10, 16 and 17. 
Methods. Studies were carried out in 12 patients with diabetic foot, and 10 patients with varicose 
ulcers of the calf. Skin biopsy specimens were obtained from the border area of ulcers and the topographi-
cally corresponding sites of normal skin of patients undergoing orthopedic surgery. Biopsy specimens 
were stained by use of specific primary antibodies, a kit based on biotin-avidin-peroxida.sc complex tech-
nique, and DAB substrate. Results were expressed as a mean staining intensity. 
Results. At the edge of both types of ulcers, keratinocytes were p 63+, CD29+, PCNA + and p53~. The 
mean intensity of p63 and CD29 staining was slightly higher than in controls. The intensity of bcl2 
staining was higher at the edge of diabetic ulcers compared with venous ulcers, whereas the intensity of 
bax staining was similar. The expression of caspase 3 was lower at the edge of venous ulcers and higher 
in diabetic ulcers and the intensity ofTUNEL staining was lower at the edge of both types of ulcers com-
pared with controls. Keratinocytes at the edge and distally to both types of ulcers expressed cytokeratin 16 
and 17. There was no expression of cytokeratin 10 at the. edge of ulcers. Together, there was a slight ten-
dency for higher expression of cell cycle-related proteins in venous and of apoptosis-re.late.d proteins in 
diabetic ulcers epidermis; however, the differences were minor. 
Conclusions. The impaired epithelializat ion of chronic leg ulcers is not caused by an inadequate epider-
mal stem cell proliferation, differentiation, or apoptosis. It may rather reflect the distorted organization 
of wound bed, caused by infection and impaired nutrition supply, altering keratinocyte migration. To 
accelerate, healing of an ulcer, modeling of the granulation tissue by regulatory cytokines but not stimula-
tion of keratinocyte growth seems to be indicated. (Surgery 2003; 134:213-20.) 
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w o u n d s u r f a c e w i t h e p i t h e l i u m . T h e q u e s t i o n 

r e m a i n s w h e t h e r i n s k i n u l c e r s w i t h l a r g e u n c o v -

e r e d a r e a s , t h e p r o t r a c t e d e p i t h e l i a l i z a t i o n i s d u e 

t o a d e c r e a s e d p r o l i f e r a t i v e a n d m i g r a t o r ) ' c a p a c i -

ty o f e p i d e r m a l c e l l s . 

E p i d e r m i s i s c o n t i n u o u s l y r e n e w e d , a n d t h i s 

p r o c e s s i s e n s u r e d b y a n t i g e n p 6 3 + , i n t e g r i n ( 3 1 + 

( C D 2 9 ) e p i d e r m a l s t e m c e l l s , r e s i d i n g i n t h e b a s a l 

l a y e r . 3 , 4 E p i t h e l i a l s t e m c e l l s a r e d e f i n e d i t s a 

m i n o r s u b p o p u l a t i o n o f b a s a l c e l l s w i t h t h e g r e a t -

e s t p r o l i f e r a t i v e c a p a c i t y . ^ T h e s e c e l l s g i v e r i s e t o 

t h e t r a n s i e n t ( t r a n s i t ) a m p l i f y i n g c e l l s w i t h 

r e d u c e d p 6 3 a n d C D 2 9 e x p r e s s i o n , w h i c h a r e a n 

a c t i v e l y p r o l i f e r a t i n g ( P C N A + ) p o o l o f b a s a l k e r -

a t i n o c y t e s . P o s t m i t o t i c d i f f e r e n t i a t i n g c e l l s w i t h 

t h e l o w e s t p r o l i f e r a t i v e c a p a c i t y a n d t h a t e x p r e s s 

c y t o k e r a t i n 1 0 r e p r e s e n t t h e d i f f e r e n t i a t i o n c o m -

p a r t m e n t . I n s u p r a b a s a l l a y e r s t h e t e r m i n a l l y d i f -
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f e r e n t i a t i n g k e r a t i n o c y t e s a r e c o n t i n u o u s l y l o s t 

f r o m t h e s k i n s u r f a c e u n d e r g o i n g s e n e s c e n c e o r 

a p o p t o s i s . T h e s e p r o c e s s e s a r e c o n t r o l l e d b y s i m i -

l a r m o l e c u l a r r e g u l a t o r s , b u t t h e r e i s e v i d e n c e s u g -

g e s t i n g t h a t t h e y a r e a l t e r n a t i v e , i n d e p e n d e n t 

p h e n o m e n a . 6 , 7 

M o l e c u l a r r e g u l a t o r s o f a p o p t o s i s a r e a l s o 

i n v o l v e d i n t h e e p i d e r m a l c e l l d i f f e r e n t i a t i o n . B c l 2 

h a s b e e n f o u n d t o b e a s s o c i a t e d w i t h t h e p r o l i f e r -

a t i n g k e r a t i n o c y t e s a n d a n t i a p o p t o t i c a c t i v i t y . C o n -

v e r s e l y , p r o a p o p t o t i c p r o t e i n b a x i s u p r e g u l a t e d 

d u r i n g k e r a t i n o c y t e d i f f e r e n t i a t i o n . A p o p t o s i s i s 

e x e c u t e d b y c a s p a s e s , w h i c h a r e a l s o a c t i v a t e d d u r -

i n g k e r a t i n o c y t e d i f f e r e n t i a t i o n . 8 I n a p o p t o t i c c e l l 

n u c l e i D N A i s f r a g m e n t e d b y e n d o n u c l e a s e s , a n d 

D N A b r e a k s c a n b e d e t e c t e d i n s i t u b y d U T P - b i o t i n 

n i c k e n d l a b e l i n g ( T U N E L ) . I n k e r a t i n o c y t e s 

T U N E L l a b e l i n g i s n o t a l w a y s a s p e c i f i c m a r k e r o f 

a p o p t o s i s b e c a u s e i n d i s e a s e d s k i n m o s t e p i d e r m a l 

l a y e r s c a n b e T U N E L p o s i t i v e . 9 A n o t h e r p r o t e i n , 

p 5 3 , i s c o n s i d e r e d t o k e e p D N A i n t e g r i t y a n d t o 

h a v e a n t i p r o l i f e r a t i v e , p r o a p o p t o t i c e f f e c t s . 1 0 

D u r i n g w o u n d e p i t h e l i a l i z a t i o n , k e r a t i n o c y t e s 

l o c a l i z e d a t t h e w o u n d m a r g i n u n d e r g o c h a n g e s , 

i n c l u d i n g c e l l m i g r a t i o n , p r o l i f e r a t i o n , a n d d i f f e r -

e n t i a t i o n . A c u t e s k i n i n j u r y w a s s h o w n t o i n d u c e 

k e r a t i n o c y t e a c t i v a t i o n a n d h y p e r p r o l i f e r a t i o n 

a s s o c i a t e d w i t h c y t o k e r a t i n 1 6 a n d 1 7 e x p r e s s i o n . 1 1 

C y t o k e r a t i n s a r e f u n d a m e n t a l c o m p o n e n t s o f t h e 

k e r a t i n o c y t e c y t o s k e l e t o n , a n d d i s t i n c t s e t s a r e 

e x p r e s s e d b y c e l l s i n t h e d i f f e r e n t l a y e r s o f e p i d e r -

m i s i n a m a n n e r s p e c i f i c f o r c e l l d i f f e r e n t i a t i o n . 

T h e p e r s i s t e n c e o f a c t i v a t e d k e r a t i n o c y t e s i n e p i -

d e r m i s c a n i m p l i c a t e a b n o r m a l e p i d e r m a l - d e r m a l 

i n t e r a c t i o n s d u r i n g p r o t r a c t e d w o u n d h e a l i n g . 

T h i s s t u d y w a s d e s i g n e d t o e v a l u a t e t h e f u n c t i o n -

a l c a p a c i t y o f k e r a t i n o c y t e s , s p e c i f i c a l l y t h e r o l e o f 

p r o t e i n s r e g u l a t i n g k e r a t i n o c y t e c e l l c y c l e , a p o p t o -

s i s , a n d d i f f e r e n t i a t i o n i n t h e p a t h o m e c h a n i s m o f 

p r o t r a c t e d e p i t h e l i a l i z a t i o n . T h e v e n o u s a n d d i a b e t -

i c u l c e r s w e r e c h o s e n f o r i n v e s t i g a t i o n . A J d i o u g h t h e 

p a t h o m e c h a n i s m o f d e v e l o p m e n t o f u l c e r s i s d i f f e r -

e n t i n t h e s e 2 c o n d i t i o n s , i n b o t h , t h e r e e p i t h e l i a l -

i z a t i o n o f t h e g r a n u l a t i o n t i s s u e i s d e l a y e d , a n d 

e p i d e r m a l p r o l i f e r a t i v e c a p a c i t y m a y b e i m p a i r e d . 

M A T E R I A L A N D M E T H O D S 

Patients. T h e b i o p s y m a t e r i a l i n v e s t i g a t e d i n t h i s 

s t u d y o r i g i n a t e d f r o m ( a ) 1 2 p a t i e n t s m e a n a g e 6 2 

y e a r s w i t h type 2 d i a b e t e s , c o m p l i c a t e d b y f o o t 

u l c e r s g r a d e 2 t o 4 a c c o r d i n g t o W a g n e r ' s c l a s s i f i -

c a t i o n , o f 3 t o 6 m o n t h s d u r a t i o n , ( b ) 1 0 p a t i e n t s 

m e a n a g e 6 7 y e a r s , w i t h v a r i c o s e u l c e r s o f t h e c a l f 

o f m o r e t h a n 1 v e a r d u r a t i o n , ( c ) 8 p a t i e n t s w i t h -

o u t d i a b e t e s , m e a n a g e 6 2 y e a r s , u n d e r g o i n g e l e c -

tive o r t h o p e d i c s u r g e r y , p r o v i d i n g c o n t r o l s k i n . A l l 

p a t i e n t s w e r e t r e a t e d i n a u n i f o r m f a s h i o n w i t h 

h y d r o c o l l o i d d r e s s i n g s . A t t h e time t h e b i o p s y s p e c -

i m e n s w e r e o b t a i n e d , n o s i g n s o f i n f l a m m a t i o n 

w e r e s e e n a r o u n d t h e u l c e r s , a n d n o s i g n i f i c a n t 

n u m b e r s o f i s o l a t e s w e r e c u l t u r e d f r o m t h e b o t t o m 

o f t h e u l c e r s . O c c a s i o n a l l y , s i m p l e c o l o n i e s o f Pro-

teus sp a n d Staphylococcus aureus w e r e i d e n t i f i e d . 

T h i s s t u d y w a s a p p r o v e d b y t h e E t h i c a l C o m m i t t e e 

o f t h e M e d i c a l R e s e a r c h C e n t e r , W a r s a w , P o l a n d . 

Skin biopsy. S k i n b i o p s y s p e c i m e n s w e r e o b t a i n e d 

f r o m t h e b o r d e r a r e a s o f u l c e r s a n d f r o m t h e t o p o -

g r a p h i c a l l y c o r r e s p o n d i n g s i t e s o f c o n t r o l s u b j e c t s . 

A l o c a l a n e s t h e t i c o f 2 % l i g n o c a i n e w a s u s e d o n t h e 

p a t i e n t s . A w e d g e o f tissue, a p p r o x i m a t e l y 1 0 m m 

l o n g a n d c o m p r i s i n g t h e u l c e r e d g e , b a s e , a n d s u r -

r o u n d i n g n o n a f f e c t e d s k i n w a s e x c i s e d . O n e f r a g -

m e n t o f s p e c i m e n w a s s n a p - f r o z e n i n d r y i c e - c o l d 

a c e t o n e a n d s t o r e d a t - 7 0 ° C u n t i l p r o c e s s e d , 

w h e r e a s t h e o t h e r w a s fixed i n 4 % p h o s p h a t e -

b u f f e r e d f o r m a l i n a n d p a r a f f i n - e m b e d d e d . T h e 4 -

f i m f r o z e n s e c t i o n s w e r e d r i e d a t r o o m t e m p e r a t u r e 

( R T ) o v e r n i g h t a n d s t o r e d a t - 2 0 ° C u n t i l p r o c e s s e d . 

Antibodies and immunohistochemistry. The pri-
m a r y a n t i b o d i e s s p e c i f i c t o t h e f o l l o w i n g a n t i g e n s 

w e r e a p p l i e d ( c o d e n u m b e r a n d w o r k i n g s o l u t i o n 

i n p a r e n t h e s e s ) : p 6 3 ( s c - 8 4 3 1 , 1 / 5 0 ) , C D 2 9 ( s c -

9 9 7 0 , 1 / 5 0 ) f r o m S a n t a C r u z B i o t e c h ( S a n t a C r u z , 

Calif); c y t o k e r a t i n 1 6 ( N C L - C K 1 6 , 1 / 4 0 ) , c y t o k e r -

a t i n 1 7 ( N C L - C K 1 7 , 1 / 4 0 ) f r o m N o v o c a s t r a L a b 

( N e w c a s t l e U p o n T y n e , U K ) ; P C N A ( M 8 7 9 , 1 / 7 5 ) . 

c y t o k e r a t i n 1 0 ( M 7 0 0 2 , 1 / 1 0 0 ) , p 5 3 ( M 7 0 0 1 , 

1 / 2 5 ) , b a x ( A 3 5 3 3 , 1 / 2 0 ) , b c l 2 ( M 8 8 7 , 1 / 5 0 ) , c a s -

p a s e 3 ( A 3 5 3 7 , 1 / 2 5 ) f r o m D a k o ( G l o s t r u p , D e n -

m a r k ) . T h e p a r a f f i n - e m b e d d e d 4 - j j . m s e c t i o n s w e r e 

d e p a r a f i n i z e d , d e w a x e d , a n d r e h y d r a t e d i n T R I S -

b u f f e r e d s a l i n e s o l u t i o n ( T B S ) . T h e y w e r e s t a i n e d 

f o r t h e p r e s e n c e o f t h e f o l l o w i n g a n t i g e n s : P C N A , 

C K 1 0 , p 6 3 , C D 2 9 , a n d p 5 3 . B e f o r e s t a i n i n g f o r p 5 3 

a n t i g e n , s e c t i o n s w e r e b o i l e d 2 times f o r 5 m i n u t e s 

i n 1 0 - m m o l / L c i t r a t e b u f f e r i n a m i c r o w a v e . A l l 

p a r a f f i n - e m b e d d e d s e c t i o n s w e r e b l o c k e d with 
5 0 % n o r m a l s w i n e s e r u m f o r 2 0 m i n u t e s b e f o r e 

i n c u b a t i o n w i t h p r i m a r y a n t i b o d i e s . 

T h e f r o z e n s e c t i o n s w e r e a l l o w e d t o t h a w a t R T 

b e f o r e b e i n g u n w r a p p e d a n d t h e n fixed i n c o l d 

a c e t o n e f o r 1 0 m i n u t e s a t R T . T o r e m o v e e n d o g e -

n o u s p e r o x i d a s e , a l l s e c t i o n s w e r e i n c u b a t e d i n 3 % 

H 2 O n f o r 5 m i n u t e s a n d w a s h e d i n T B S b e f o r e 

s t a i n i n g . N e x t , t i s s u e s e c t i o n s w e r e i n c u b a t e d w i t h 

t h e p r i m a r y a n t i b o d i e s f o r 3 0 m i n u t e s , e x c e p t f o r 

a n t i - p 6 3 a n d C D 2 9 a n t i b o d i e s , w h i c h r e q u i r e d 6 0 

m i n u t e s i n c u b a t i o n . C o n t r o l s e c t i o n s w e r e 

p r o c e s s e d p a r a l l e l l y w i t h o u t t h e p r i m a r y a n t i b o d y . 

A s t a n d a r d L S A B (Dako) l a b e l i n g t e c h n i q u e w i t h 
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Fig 2. Immunohistochemica] localization of pfi.S and CD29 proteins in epidermis at the edge of chronic leg 
ulcers. A, p63 in diabetic ulcer; B, pf>3 in venous ulcer; C, CD29 in diabetic ulcer; D, CD29 in venous ulcer. 
Positive staining is evidenced by the brown reaction product. (Original magnification X20.) 

k e r a t i n , C K 1 6 a n d 1 7 ( F i g 4 ) . T h e r e w a s n o e x p r e s -

s i o n o f C K 1 7 a n d C K 1 6 i n c o n t r o l c a l f e p i d e r m i s . 

T h e r e w a s a w e a k s t a i n i n g o f C K 1 6 a n d a s l i g h t 

e x p r e s s i o n o f C K 1 7 i n c o n t r o l f o o t e p i d e r m i s . K e r -

a t i n o c y t e s o f t h e e d g e o f d i a b e t i c a n d c a l f u l c e r s d i d 

n o t e x p r e s s C K 1 0 , t h e k e r a t i n c h a r a c t e r i s t i c f o r d i f -

f e r e n t i a t e d c e l l s . T h e r e w a s o n l y a s l i g h t e x p r e s s i o n 

o f C K 1 0 i n t h e r e g i o n s p r o x i m a l a n d d i s t a l f r o m 

t h e d i a b e t i c u l c e r . I n t e r e s t i n g l y , k e r a t i n o c y t e s o f 

p r o x i m a l a n d d i s t a l r e g i o n s f r o m v e n o u s u l c e r s 

c o e x p r e s s e d C K 1 0 , 1 6 , a n d 1 7 . F i g u r e 5 s h o w s t h e 

e x p r e s s i o n o f C K 1 6 i n k e r a t i n o c y t e s a t t h e e d g e o f 

f o o t ( A ) a n d c a l f ( B ) u l c e r s , a n d t h e l a c k o f C K l O ( C 

a n d D , r e s p e c t i v e l y ) . 

D I S C U S S I O N 

R e g e n e r a t i o n o f e p i d e r m i s d u r i n g n o r m a l 

w o u n d h e a l i n g t a k e s p l a c e b y m i g r a t i o n , p r o l i f e r a -

tion, d i f f e r e n t i a t i o n , a n d a p o p t o s i s o f k e r a t i n o c y t e s 

o n t h e w o u n d b o r d e r s . T h e s e p r o c e s s e s a r e a l s o 

i n v o l v e d i n h o m e o s t a t i c m e c h a n i s m s i n h e a l t h y 

s k i n , a r a p i d l y r e n e w i n g t i s s u e . O n l y a f e w s t u d i e s 

o n h u m a n k e r a t i n o c y t e p r o l i f e r a t i o n , d i f f e r e n t i a -

t i o n , o r a p o p t o s i s h a v e b e e n p e r f o r m e d i n c h r o n i c 

w o u n d s . 1 2 , 1 3 T h i s s t u d y p r o v i d e d t h e f o l l o w i n g 

i n f o r m a t i o n : ( a ) e x p r e s s i o n o f p 6 3 a n d C D 2 9 b y 

k e r a t i n o c y t e s a t t h e e d g e o f b o t h t h e v e n o u s a n d 

d i a b e t i c u l c e r s , ( b ) h i g h l e v e l o f e x p r e s s i o n o f 

P C N A a n d l o w o f p 5 3 i n b o t h t y p e s o f u l c e r s , ( c ) 

h i g h e r i n t e n s i t y o f b c l 2 s t a i n i n g i n d i a b e t i c t h a n 

v e n o u s u l c e r s , ( d ) h i g h e r e x p r e s s i o n o f c a s p a s e 3 

a n d D N A b r e a k s i n d i a b e t i c u l c e r k e r a t i n o c y t e s , ( e ) 

p r e s e n c e o f c y t o k e r a t i n 1 6 a n d 1 7 , a n d n o e x p r e s -

s i o n o f c y t o k e r a t i n 1 0 a t t h e e d g e o f b o t h t y p e s o f 

u l c e r s . T h e l o c a l i z a t i o n o f P C N A + p r o l i f e r a t i n g 

p o o l o f k e r a t i n o c y t e s w a s s i m i l a r t o t h a t o b s e r v e d 

b y o t h e r s 1 2 , 1 3 i n c h r o n i c v e n o u s u l c e r s a n d i n n o r -

m a l w o u n d h e a l i n g . 

T h e p r o l i f e r a t i v e c o m p a r t m e n t o f s k i n e p i d e r -

m i s c o n s i s t s o f s t e m a n d t r a n s i e n t a m p l v f y i n g k e r -
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Fig 3. ImmunohistochemicaJ localization of PCNA antigen and DNA brcaks (TUNEL a.s.say). A, PCNA at 
edge of diabetic ulcer; B, PCNA in control foot skin (only single positive cells); C, TUNEL stain at edge of 
venous ulcer (single posiuve celLs in basa! layer and around blood vessels); D, TUNEL stain in control calf 
epidermis (numerous positive celLs around blood vessels). (Original magnificadon X20.) 

a t i n o c y t e s . S t e r n c e l l s a r e r e s t r i c t e d t o p 6 3 + k e r -

a t i n o c y t e s t h a t p o s s e s s t h e a b i l i t y w h e t h e r o r n o t t o 

p r o l i f e r a t e a n d d u p l i c a t e d i e i r D N A . I n t e g r i n [ 3 1 

( C D 2 9 ) i s a n o t h e r m a r k e r o f k e r a t i n o c y t e s t e m 

c e l l s . 4 A m p l i f y i n g a n d p o s t m i t o t i c d i f T e r e n t i a t i n g 

k e r a t i n o c y t e s a r e c h a r a c t e r i z e d b y a r c d u c e d 

e x p r e s s i o n o f b o t h m a r k e r s . A r e d u c e d e x p r e s s i o n 

o f p 6 3 b y t h e m i g r a t o r y k e r a t i n o c y t e s w a s o b s e r v e d 

a t t h e m a r g i n o f n o r m a l c u t a n e o u s w o u n d s i n 

h u m a n b e i n g s . 1 4 I n t h i s s t u d y w e o b s e r v e d o n l y a 

s l i g h t i n t e n s i t y o f p 6 3 s t a i n i n g i n k e r a t i n o c y t e s a t 

t h e u l c e r e d g e a n d i n p r o x i m a l a n d c o n t r o l e p i -

d e r m i s . T h e k e r a t i n o c y t e s a t t h e e d g e o f v e n o u s 

u l e e r s a n d i n t h e p r o x i m a l a r e a s o f t h e d i a b e t i c 

u l e e r s s h o w e d i n e r e a s e d i n t e n s i t y o f C D 2 9 s t a i n i n g 

c o m p a r e d t o c o n t r o l t i s s u e . T h i s c o n f i r m s t h e 

h y p e r p r o l i f e r a u v e c h a r a c t e r , e s p e c i a l l y o f f o o t s o l e 

e p i d e r m i s , b e c a u s e i t h a s b e e n p r o p o s e d t h a t ( 3 1 

i n t e g r i n e x p r e s s i o n b y s u p r a b a s a l k e r a t i n o c y t e s i n 

t r a n s g e n i c m i c e l e a d s t o h y p e r p r o l i f e r a u o n a n d 

p e r t u r b e d d i f T e r e n t i a t i o n o f k e r a t i n o c y t e s . 1 5 

A m e c h a n i s m t h a t s u p p r e s s e s u n d e s i r a b l e k e r -

a t i n o c y t e p r o l i f e r a t i o n b y c o n t r o l l i n g c e l i n u m b e r 

i s a p o p t o s i s a n d c e l l u l a r s e n e s c e n c e . B e c a u s e e p i -

d e r m a l t e r m i n a l d i f T e r e n t i a t i o n r e s u l t s i n t h e l o s s 

o f t h e a b i l i t y t o p r o l i f e r a t e a n d u l t i m a t e l y i n d e a d 

s t r u c t u r e s , i t m i g h t b e c o n s i d e r e d a s a f o r m o f 

s e n e s c e n c e o r a p o p t o s i s . ' T w o p r o t e i n s , b c l 2 a n d 

p 5 3 , a r e m o l e c u l a r r e g u l a t o r s o f k e r a t i n o c y t e p r o -

l i f e r a t i o n , d i f T e r e n t i a t i o n a n d a p o p t o s i s . T h e 

d e r e g u l a t i o n o f b c l 2 i n o n c o g e n e s i s l e a d i n g t o s y n -

t h e s i s o f a l a r g e a m o u n t o f t h i s p r o t e i n r e s u l t e d i n 

u n c o n t r o l l e d c e l i p r o l i f e r a t i o n . 1 6 I n t h i s s t u d v w e 

o b s e r v e d a l a c k o f b c l 2 i n c o n t r o l tissue a n d a w e a k 

e . \ p r e s s i o n a t t h e e d g e o f c a l f u l e e r s a n d i n t h e s u r -

r o u n d i n g e p i d e r m i s . I n c o n t r a s t , t h e r e w a s t h e 

i n e r e a s e d i n t e n s i t y o f b c l 2 s t a i n i n g i n e p i d e r m i s 

s u r r o u n d i n g t h e d i a b e t i c f o o t u i c e r . T h e p 5 3 p r o -
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Fig 4. Mean staining intensity of bax, caspase S, DNA 
breaks (TUNEL) and eylokeratins 10, 16 and 17 in differ-
ent areas of regenerating epidermis of venous and diabet-
ic foot ulcers and topographical!)' corresponding control 
skin (calf or foot). ( * P < .05 venous or diabetic versus nor-
mal, score: 0 = no staining, 1 = weak staining, 2 = moder-
ate to strong staining) 

t e i n w a s a b s e n t i n k e r a t i n o c y t e s a t t h e e d g e o f b o t h 

t y p e s o f u l c e r s , w h e r e a s i n t h e p r o x i m a l a n d d i s t a l 

a r e a s o f c a l f u l c e r s t h e i n t e n s i t y o f p 5 3 s t a i n i n g w a s 

i n c r e a s e d c o m p a r e d w i t h c o n t r o l t i s s u e a n d c o r r e -

s p o n d i n g r e g i o n s o f f o o t u l c e r s . T h e s u p p r e s s i o n o f 

p 5 3 a t t h e e d g e o f u l c e r s c a n b e c o n s i s t e n t w i t h t h e 

a c t i v e p r o l i f e r a t i v e s t a t e o f k e r a t i n o c y t e s , w h e r e a s 

t h e i n c r e a s e d e x p r e s s i o n o f p 5 3 i n e p i d e r m i s s u r -

r o u n d i n g c a l f u l c e r s c a n s e r v e t o d o w n r e g u l a t e c e l -

l u l a r p r o l i f e r a t i o n . O u r r e s u l t s a r e c o n s i s t e n t w i t h 

t h e o b s e r v e d i n h i b i t i o n o f p 5 3 p r o t e i n e x p r e s s i o n 

o n d a y 1 a n d 2 a f t e r a c u t e c u t a n e o u s i n j u r y i n 

s w i n e a n d t h e s i g n i f i c a n t l y i n c r e a s e d e x p r e s s i o n o n 

d a y 5 . 1 7 I n m i c e t h e b c l 2 a n d p 5 3 p r o t e i n e x p r e s -

s i o n i n w o u n d e p i t h e l i u m w a s f o u n d t e n d i n g t o 

o p p o s e l e v e l s , w h e n p 5 3 h a s i n c r e a s e d , b c l 2 

d e c r e a s e d . 1 8 S u c h k i n e t i c o f b o t h p r o t e i n s c a n b e 

a s s o c i a t e d w i t h t h e p r o p r o l i f e r a t i v e a c t i v i t y o f b c l 2 

a n d a n t i p r o l i f e r a t i v e e f f e c t o f p 5 3 . 

T h e r e i s a g r o w i n g n u m b e r o f p r o t e i n s t h a t c a n 

c o n t r i b u t e t o c e l l s u r v i v a l o r s u i c i d e a n d s o m e o f 

Fig 5. ImmunohLstochemical localizatin of cytokeratin 16 and 10 at the edge of chronic leg ulcers. A, CK16 
in diabetic ulcer, B, CK16 in venous ulcer C, GR10 in diabetic ulcer (lack of positive cells); D, CK10 in 
venous ulcer (a slight expression). (Original magnification X20.) 
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t h e m l i k e p r o t e i n b a x a n d c a s p a s e s h a v e a 

p r o a p o p t o t i c a c t i v i t y . 1 9 I n c u l t u r e d k e r a t i n o c y t e s 

u p r e g u l a t i o n o f b a x w a s a s s o c i a t e d w i t h i n d u c t i o n 

o f T U N E L + D N A b r e a k s . 2 0 T h i s s t u d y s h o w e d t h e 

s a m e m o d e r a t e s t a i n i n g i n t e n s i t y o f b a x t h r o u g h -

o u t u l c e r e p i d e r m i s a n d c o n t r o l s i n b o t h t y p e s o f 

s k i n . T h e e x p r e s s i o n o f c a s p a s e 3 w a s i n c r e a s e d a t 

t h e e d g e o f d i a b e t i c f o o t u l c e r c o m p a r e d t o t h a t 

o b s e r v e d i n t h e p r o x i m a l a n d d i s t a l e p i d e r m i s a n d 

i n c o n t r o l . T h e l o w i n t e n s i t y o f c a s p a s e 3 s t a i n i n g a t 

t h e e d g e o f c a l f u l c e r c o r r e l a t e d w i t h t h e w e a k 

i n t e n s i t y - o f T U N E L a s s a y . I n c a s e o f f o o t u l c e r b o t h 

p a r a m e t e r s w e r e i n c r e a s e d . T h i s c a n s u g g e s t t h a t i n 

h y p e r r e a c t i v e e p i d e r m i s c a s p a s e 3 i s a c t i v a t e d d u r -

i n g k e r a t i n o c y t e d i f f e r e n t i a t i o n a n d i s r e q u i r e d f o r 

n o r m a l l o s s o f t h e n u c l e u s . M o r e o v e r , T U N E L i s 

n o t a l w a y s a s p e c i f i c m a r k e r o f a p o p t o s i s i n k e r -

a t i n o c y t e s 9 a n d m a y d e t e c t f r e e D N A e n d s a s s o c i a t -

e d w i t h c e l l p r o l i f e r a t i o n . 

N o r m a l s k i n i n j u r y w a s s h o w n t o h a v e a p r o f o u n d 

e f f e c t o n k e r a t i n o c y t e h y p e r p r o l i f e r a t i o n , a s s o c i a t e d 

w i t h i n d u c t i o n o f C K 1 6 a n d r e d u c t i o n o f C K 1 0 i n 

r e g e n e r a t i n g e p i d e r m i s u n t i l t h e n i n t h d a y a f t e r 

w o u n d i n g . 1 1 I n t h i s s t u d y w e o b s e r v e d t h e e x p r e s -

s i o n o f h y p e r p r o l i f e r a t i v e C K 1 6 a n d C K 1 7 a t t h e 

u l c e r m a r g i n s , a s w e l l a s i n p r o x i m a l r e g i o n s o f 

v e n o u s c a l f a n d d i a b e t i c f o o t u l c e r s . T h e s e f i n d i n g s 

a r e s i m i l a r t o t h o s e f o u n d i n h e a l i n g o f n e c r o t i c - , 

n e c r o t i c / g r a n u l a t i n g - , a n d r e e p i t h e l i a l i z i n g v e n o u s 

u l c e r s . 1 2 I n c o n t r a s t t o c a l f s k i n d e m o n s t r a t i n g c o e x -

p r e s s i o n o f C K 1 6 a n d C K 1 7 w i t h C K 1 0 i n e p i d e r m i s 

s u r r o u n d i n g v e n o u s u l c e r , w e d i d n o t o b s e r v e C K 1 0 

e x p r e s s i o n i n e p i d e r m i s s u r r o u n d i n g d i a b e t i c f o o t 

u l c e r s . S u c h c o e x p r e s s i o n o f C K 1 0 a n d C K 1 6 w a s 

s e e n i n t h e c o n t r o l f o o t s o l e s k i n . T h i s o b s e r v a t i o n 

s u g g e s t s t h a t k e r a t i n o c y t e s i n t h i s t y p e o f e p i t h e l i u m 

a r e h y p e r p r o l i f e r a t i v e . 

A l t o g e t h e r , t h e r e w a s a s l i g h t l y h i g h e r t e n d e n c y 

o f k e r a t i n o c y t e s a t t h e e d g e o f v e n o u s u l c e r s t o 

e x p r e s s t h e c e l l c y c l e - r e l a t e d p r o t e i n s a n d o f t h o s e 

o f d i a b e t i c u l c e r s t o s t a i n m o r e i n t e n s i v e l y f o r 

a p o p t o s i s - r e g u l a t i n g p r o t e i n s . T h e s e d i f f e r e n c e s 

w e r e r a t h e r m i n o r . T h e k e r a t i n o c y t e s a t t h e e d g e 

a n d a d j a c e n t r e g i o n s o f b o t h types o f u l c e r h a d a 

h i g h p r o l i f e r a t i v e a c t i v i t y ' . N e v e r t h e l e s s , c o v e r i n g 

o f t h e g r a n u l a t i o n tissue b y k e r a t i n o c y t e s w a s s l u g -

g i s h . N o e v i d e n t r e l a t i o n s h i p b e t w e e n t h e r a t e o f 

h e a l i n g a n d t h e p r o l i f e r a t i n g c a p a c i t y ' o f k e r -

a t i n o c y t e s w a s o b s e r v e d . 

T h i s s t u d y d e m o n s t r a t e d t h a t t h e i m p a i r e d 

e p i t h e l i a l i z a t i o n o f c h r o n i c u l c e r s , b o t h v e n o u s 

u l c e r s o f t h e c a l f a n d d i a b e t i c f o o t u l c e r s , i s n o t 

c a u s e d b y t h e l a c k o f e p i d e r m a l s t e m c e l l s , i n a d e -

q u a t e p r o l i f e r a t i o n , d i f f e r e n t i a t i o n o r a p o p t o s i s a t 

t h e e d g e o f w o u n d s . F a i l u r e o f c h r o n i c w o u n d h e a l -

i n g m a y r a t h e r r e f l e c t t h e d i s t o r t e d o r g a n i z a t i o n o f 

w o u n d b e d , c a u s e d b y i n f e c t i o n a n d i m p a i r e d 

n u t r i t i o n s u p p l y , a l t e r i n g k e r a t i n o c y t e m i g r a t i o n a t 

t h e u l c e r e d g e . I t s e e m s t h a t m o d e l i n g o f t h e g r a n -

u l a t i o n t i s s u e c r e a t i n g c o n d i t i o n s f o r f o r m a t i o n o f 

e p i d e r m o d e r m a l j u n c t i o n s b y m e a n s o f c y t o k i n e s 

r e g u l a t i n g f i b r o b l a s t a c t i v i t y a n d m a t r i x c o n s t r u c -

tion m i g h t b e t h e f u t u r e t h e r a p e u t i c m o d a l i t y . 
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Aim: The present study was undertaken to determine the functional capacity of 

skin cells in chronic venous ulcers and specifically (i) which immune cell 

phenotypes are recruited in the ulcer bed, margin and distant dermis, (ii) how 

active is local production of cytokines and growth factors necessary for 

proliferation and migration of keratinocytes (KC), vascular endothelial cells (EC) 

and infiltrating leukocytes, and (iii) whether chronic scavenging is replaced by 

bed remodeling. Methods and results: Biopsies from leg ulcers of 10 randomly 

selected patients were examined immunohistochemically for leukocyte 

phenotypes, vascular adhesion molecules and cytokines and growth factors 

produced by KC and EC. Granulation tissue contained few fibroblasts and blood 

capillaries, with high intensity of staining for CD62E and CD106 but not for FGF2 

on EC (p<0.05). The intensity of staining for scavenging CD15+ elastase+ 

granulocytes and CD35+ (C3bi) macrophages in ulcer bed was comparable to 

that in the margin but higher than in distant dermis (p<0.05), whereas that for 

CD68+, HLA DR+, TGF(3+ and CD54+ dermal leukocytes was similar in all areas. 

There was reduced staining for CD4+ and CD8+ cells in ulcer bed (p<0.05). 

There were no CD1a+ Langerhans' cells in epidermis encroaching upon the 

granulation tissue and the reduced CD1a staining in the adjacent epidermis 

(p<0.05). The expression of cytokines and growth factors by KC was similar in 

the areas adjacent and remote from ulcer. In dermis adjacent to ulcer the 

expression of IL1 a, IL1beta, IL1 Ra, EGF and PDGFa was higher than in distant 

dermis. Conclusion: There is chronic accumulation of scavenging cells with lack 

of remodeling of the granulation tissue and, at the same time, preserved 
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secretory potential of KC and dermal EC in non-healing venous leg ulcers. These 

finding justify surgical excision of ulcer granulation tissue in long lasting ulcers 

and full thickness skin grafting. 

Introduction 

It is widely believed that venous leg ulcers are the consequence of long-

lasting venous hypertension, but the exact pathogenesis of ulceration is still 

unclear. The theories regarding impaired healing of chronic ulcers include 

pressure damage of capillaries with leakage of fibrinogen leading to formation of 

the perivascular cuffs, 1 release of toxic metabolites, proteolytic enzymes, and 

free radicals 2 and cytokine- mediated fibrinous matrix cuff formation.3 Venous 

hypertension results in preferential accumulation of leukocytes in the disesased 

leg resulting in oxygen stress and subsequent vessel injury. This can aggravate 

further condition and the process becomes locked in a self-amplifying cascade 

with persistently elevated levels of proinflammatory cytokines preventing 

progress into the healing phase. More recently, a theory has been put forward 

that growth factors are trapped in matrix cuff and are not available to stimulate 

healing.4 

Healing of skin ulcer is a complex process requiring a collaborative effort 

of different tissues and cells5.6. In normal healing the wound margin and bed 

tissue become infiltrated by macrophages, neutrophils, and few lymphocytes. 
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Communication between the infiltrating leukocytes and integumentary cells (e.g. 

fibroblasts, keratinocytes, Langerhans' cells and endothelial cells) and activation 

of these cells are mediated by cytokines and growth factors. The role of these 

factors in chronic venous ulcer healing is poorly understood. It is likely that 

inappropriate numbers of infiltrating cells in the ulcer bed and the reduced 

cytokine signals may be contributory factors to the maintenance of venous ulcer 

chronicity. 

Therefore, the focus of this study was to determine (i) which phenotypes 

of cells partipating in scavening and heaing are recruited at the edge of ulcer; (ii) 

are the producing cytokines and growth factors keratinocytes necessary for their 

proliferation and migration; (iii) are there signs of ulcer bed remodelling or only of 

chronic scavenging. We randomly selected a group of patients with chronic 

venous leg ulcer and investigated immunohistochemically in the biopsied ulcer 

margin and bottom the phenotypes of infiltrating leukocyte and the the 

expression of various cytokines and growth factors. Expression of vascular 

adhesion molecules responsible for leukocyte extravasation was also analyzed. 

This study demonstrates a protracted scavenging process in ulcer bed tissue 

and, at the same time, preserved secretory potential of keratinocytes and dermal 

capillary EC without abality to proliferate and migrate into and onto ulcer tissue. 

Materiał and methods 

PATIENTS 

4 
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Ten patients (3 males and 7 females) in the mean age of 67 years (69-78) with 

venous ulcers in course of the postthrombophlebitic syndrome were randomly 

selected. A chronic leg ulcer was defined as existing longer than one year. 

Ulcers were located at the lower medial aspect of calf. Their mean diameter was 

5.5 ± 2.1cm (range 3-12 cm). There were no signs of acute skin inflammation 

around the ulcer. The ulcer surface was pale and covered with watery exudate. 

Topically hydrocolloid dressings were applied. No topical or systemic antibiotics 

were given. Bacteriology of ulcer surface swab revealed presence of 

Staphylococcus aureus, E. coli and occasionally Acinetobacter spp. and Proteus 

spp. Color Doppler investigation showed recanalization of large veins and their 

valvular incompetency. Single incompetent perforators were mapped. There 

were no perforators in the bottom of ulcers. This study had approvement of the 

Local Ethics Committee and patients gave written consent. 

SPECIMEN COLLECTION AND IMMUNOHISTOCHEMISTRY 

Skin biopsies were obtained under local anasthesia with 2% lignocaine. They 

comprised the ulcer base, edge and surrounding skin. One half of the specimen 

was snap frozen in dry ice cold acetone and stored at - 70 0 C until processed. 

The other half was fixed in 4% phosphate buffered formalin and paraffin 

embedded for histological and immunohistological studies. Snap frozen cryostat 

sections of 4 mikrom thickness were mounted on poly-L-lysine-treated glass slides, 

air dried overnight and stored at - 2 0 0 C until used, whereas the paraffin 

embedded sections were mounted on silane coated slides from Dako (Glostrup, 
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Denmark) and stored at room temperature (RT). The primary antibodies specific 

to the following antigens were applied (code number and working solution in 

parentheses): CD1a (M721, 1/50), CD68 (M718, 1/50), CD15 (M733, 1/30), 

CD35 (M710, 1/100), CD4 (M716, 1/10), CD8 (M783, 1/30), HLA-DR (M746, 

1/30), Elastase (M752, 1/100), fVIII (von Villebrand factor, M616, 1/100), 

CD54/ICAM1 (intercellular adhesion molecule 1, M7063, 1/50), CD62E/ELAM1 

(endothelial celi adhesion molecule 1, E-selectin, M7105, 1/30), CD106A/CAM1 

(vascular celi adhesion molecule 1, M7106, 1/50), EGF-R (epidermal celi growth 

factor- receptor, M886, 1/20) from Dako; IL1a (interleukin 1a, LP-710, 1/20), IL1p 

(interleukin 1p, LP-712, 1/50), PDGFa (platelets- derived growth factor a, ZP-

214,1/30), IL6 (interleukin 6, LP-716, 1/30), IL8 (interleukin 8, 80-3644-02, 

1/20), TNFa (tissue necrosis factor a, IP-300, 1/100) from Genzyme (Cambridge, 

MA,USA); IL1 Ra (interleukin 1 receptor anagonist, AB-280-NA.1/30), GM-CSF 

(granulocyte macrophage colony stimulating factor, AF-215-NA.1/50), FGF 2 

(fibroblasts growth factor 2, AB-33-NA.1/50), TGFp (transforming growth factor p, 

AB-100-NA, 1/30), VEGF (vascular endothelial celi growth factor, AB-293-NA, 

1/100) from R&D Systems (Abingdon, UK); EGF (epidermal growth factor, AB-

1910,1/100), TGFp -R ( TGFp- receptor, MAB-2152, 1/50) from Chemicon 

(Temecula, CA,USA). Deparaffinized, dewaxed, rehydrated in TRIS- buffered 

salinę (TBS) paraffin-embedded sections were stained for the presence of 

elastase and VEGF. For staining of some intracellular cytokines (IL1a, IL ip, 

PDGFa) the frozen sections were permeabilized with 0.1% saponin (Serva, 

Boehringer Ingelheim, Heidelberg, Germany). Ali procedures were carried out at 

6 
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RT, except of staining for VEGF (sections were boiled in 0.01 M sodium citrate 

two times for 5 min in microwave). Paraffin embedded sections and these 

stained in the presence of saponin were blocked with 50% normal swine serum 

for 20 min. Next, the endogenous peroxidase was blocked in all specimens by 

incubation in 3% H 2 0 2 for 5 min, sections were rinsed with TBS and then 

ineubated with primary antibody for 30 min (for VEGF sections were ineubated 

overnight with primary antibody at 4 0 C). A standard labelling technique using 

biotin-streptavidin-immuno-peroxidase complex was applied. For paraffin 

embedded sections LSAB+ kit and for frozen LSAB2 kit from Dako were used. 

The biotinylated secondary antibody and streptavidin- peroxidase conjugate were 

applied for 18 min. A chromogenie substrate DAB (diaminobenzidine, Sigma, St 

Louis, MO, USA) was ineubated for 5 min. Next, tissue sections were 

counterstained with 0.2% Mayers hematoxylin (Sigma) for 1 min. For evaluation 

the ulcer specimen section was divided into 3 areas: 1/ the ulcer bed; 2/ 

epidermis and dermis adjacent to the ulcer; 3/ epidermis and dermis distal to the 

ulcer. The mean staining intensity was assessed semiquantitatively using a 

score: 0= no staining; 1= weak staining; 2= moderate staining; 3= strong 

staining. The two scores of 3 segments were averaged for each specimen and 

these values were used for comparisons. 

STATISTICAL ANALYSIS 

Wilcoxon signed rank test was used to compare the values of mean staining 

intensities. P< 0.05 was considered statistically significant. 
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Results 

ULCER BED TISSUE 

The ulcer bed contained few fibroblasts with large pyknotic nuclei and few blood 

capillaries. The very upper layer was made up of acellular matter (Fig. 1). The 

deeper layers did not show collagen bundles. The surface of the ulcer bed and 

keratinocytes covering peripheral regions of ulcer granulation tissue were 

covered by CD15+ granulocytes with high elastase expression (Fig.2). There 

were no CD1a+ Langerhans' cells detected and only few CD4+ and CD8+ 

lymphocytes (less than in the adjacent and remote dermis, p<0.05, Fig.3) were 

seen. The concentration of CD15+elastase-containing neutrophils and CD35+ 

(C3bi) macrophages was evidently higher in the ulcer bed tissue than in remote 

normal dermis (Fig.2 and 4, p<0.05). The staining intensity for CD68+ 

macrophages, HLA DR+, TGF f f and CD54+ cells was similar to the adjacent and 

remote dermis (Fig.2 and 3). The expression of factor VIII, CD54 and VEGF 

antigens on endothelial cells was also comparable to the adjacent and normal 

dermis (Fig.3). There was, however, stronger expression of ELAM1 and VCAM 1 

antigens (p<0.05). In contrast to the adjacent and normal dermis there was a 

weak expression of IL8 on EC in ulcer bed. Expression of IL 1a, IL 1(3, IL1 Ra, 

IL6, TNFa, PDGFa, GM-CSF, EGF and TGFp-R by endothelial cells was similar 

in the ulcer bed tissue and normal dermis (Fig.5). In contrast to the remote 

dermis there was no expression of FGF2 on endothelial cells in the granulation 

tissue (p<0.05). 

s 
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EPIDERMIS 

There was evidently lower staining intensity for CD1 a+ Langerhans' cells in the 

adjacent to ulcer than the remote epidermis (Fig.2, p<0.05). These cells were not 

seen in neoepidermis encroaching upon the ulcer surface (Fig.6). The 

expression of all studied cytokines and growth factors in keratinocytes was 

similar in both the adjacent and remote to the ulcer areas (Fig.5). 

DERMIS 

There was intensive recruitment of CD15+ and elastase containing neutrophils in 

dermis adjacent to ulcer compared to distal dermis (Fig.2, p<0.05). This applied 

also to CD35 and CD4+cells but not CD68+, C D 8 \ CD54+, TGFp+ and HLA DR+ 

cells (Fig.2 and 3). There were some perivascular CD1a+ cells in the adjacent 

and remote dermis. The expression of factor VIII, CD54, VEGF and CD62E 

antigens by EC was similar in both areas, whereas of CD106 was significantly 

higher in dermis adjacent to the ulcer (p< 0.05). The expression of IL1a, IL1p, 

IL1 Ra, EGF and PDGFa by EC was higher in dermis adjacent to ulcer than in 

normal tissue (Fig.5 and 7, p<0.05). The staining intensity of IL6, TNFa, TGF(3, 

TGFp-R, FGF2 and GM CSF was similar in the adjacent and remote dermis. 

Discussion 

9 
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In skin wounds epidermal and dermal cells produce mediators, recruiting 

inflammatory and immune cells, as well as progenitory cells, perpetuating the 

healing process. The present study provided following information: (i) lack of 

Lagerhans cells in the new epidermis and normal expression of proinflammatory 

cytokines (lla, IL1(3, IL1 Ra, IL6, TNFa) and growth factors (VEGF, GM-CSF, 

PDGFa, FGF2, TGFp, EGF, EGF-R) by keratinocytes; (ii) presence of elastase 

producing granulocytes and activated CD35+ macrophages, paucity of 

lymphocytes and TGF(3 producing cells, lack of Langerhans' cells in the ulcer 

bed, suggesting continuing scavenger phase of healing despite of a long 

duration of ulcer; (iii) downregulation of FGF2 and upregulation of ELAM1 and 

VCAM1 antigens in new capillary endothelial cells in the ulcer bed, suggesting 

continuing inflammatory, not proliferative phase of healing; (iv) increased 

frequency of granulocytes, activated macrophages and CD4+ lymphocytes in 

dermis adjacent to the ulcer, higher expression of proinflammatory cytokines 

(IL1a, IL1 p, IL1 Ra) and some growth factors (EGF, PDGFa) by endothelial cells, 

but not of other factors (IL6, TNFa, FGF2, GM-CSF) participating in normal 

healing process. 

Unexpectedly, we did not find any CD1a+ cells in a new epidermis 

encroaching upon the ulcer surface. Rosner et al.7 observed four times fewer 

number of CD1a + cells in the ulcer margin compared to clinically intact 

epidermis. The reduced level of Langerhans' cells in skin and dendritic cells in 

lymphoid organs of mouse treated in vivo with VEGF was described. 8 The VEGF 

was also directly responsible for inhibition of dendritic celi maturation from CD34+ 

10 
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precursors in vitro 9 and was chemotactic for monocytes.10 Our present study has 

demonstrated only slightly inereased expression of VEGF in epidermis at the 

ulcer edge and concomitantly lack of Langerhans cells. The VEGF is 

constitutively produced by keratinocytes and TNFa activated neutrophils. 11 

Recently, Tian et al. 12 observed more intensive VEGF staining of keratinocytes 

at the edge of nonhealing leg uleers compared to healing uleers. It is likely that 

the inereased production of VEGF at the edge of nonhealing ulcer can affect an 

influx and/or differentiation of Langerhans' celi precursors. Upregulated 

expression of VEGF and its mRNA in basal and suprabasal layers of epidermis 

in chronic leg ulcer margin was also observed by Lauer et al. 13 In contrast, 

Peschen et al. 14 observed a weak expression of VEGF throughtout all epidermis 

of chronic leg uleers. 

Another growth factor, GM-CSF, is a pleiotropic cytokine important for 

Langerhans' celi reeruitment and development in epidermis, for proliferation of 

keratinocytes and infiltration of dermis by inflammatory cells. 151 was shown that 

GM-CSF accelerates healing of chronic leg uleers, 16,17 but not acute wounds.18 

Our study showed no changes in the expression of this cytokine throughout the 

dermis and epidermis of chronic leg uleers. These results are consistent with 

data reported by Li et al. 19 and suggest that there is no upregulation of GM-CSF 

in the chronic leg ulcer tissue. The role of GM-CSF in wound healing is 

controversial, sińce a local application of recombinant GM-CSF reduced the 

number of fibroblasts in the granulation tissue and collagen deposition in the 

20 experimental surgical wounds. 
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Generally, our findings concerning phenotyping of infiltrates in uleer base 

and dermis adjacent and remote from the uleer are in concordance with the 

results of other studies in venous leg uleers.7,21,22 Infiltrating cells, granulocytes 

and macrophages, were the dominant celi population present in the uleer bed 

and the adjacent dermis. However, other authors did not emphasize the 

excessive frequency of elastase producing granulocytes in these lesions. It is 

iikely, that persistance of neutrophils and their destructive enzymes, like 

elastase, appears responsible for chronicity of venous leg uleers. There were 

only few lymphocytes in the uleer bed and CD4+ cells predominated in the 

adjacent dermis. The role of T cells in the healing of venous uleer healing is 

limited. Data showed 23 that human wound-assoeiated T lymphocyte populations 

were modulated during acute wound healing. It indicated a role of elevated CD8+ 

celi density in downregulation of healing and wound closure. On the other hand, 

Rosner et a l .7 did not observe differences in the ratio of CD4/CD8 T cells 

between the different regions of leg uleer. 

Observed by us the inereased expression of E-selectin and VCAM1 on 

endothelial cells in uleer base and the adjacent dermis provides support of the 

notion that these regions are actively involved in reeruitment of leukocytes. 

Rosner et al. also observed the inereased expression of E-selectin in uleer 

bed. They have also indicated the upregulation of CD54 but not VCAM1. 

The reeruitment and activation of immune and inflammatory cells into skin 

are dependent on cytokines and growth factors. In this study, for the first time, 

we have demonstrated the expression of cytokines and growth factors by 

127 
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capillary endothelial cells in ulcer dermis. The staining intensity of these factors 

was unchanged or increased at the ulcer margin compared to the ulcer base. 

The expression of all studied cytokines and growth factors in keratinocytes at the 

ulcer margin was not statistically different from that in distal epidermis. Tian et al. 

12 compared the scored results of cytokines and growth factors expression in 

keartinocytes at the ulcer edge from the nonhealing and healing biopsies. There 

was no significant difference in the expression of IL1a, IL6, TNFa, FGF2 and 

EGF, except VEGF and PDGFa, expressed more intensely in biopsies from 

nonhealing ulcers. However, there was significantly higher intensity of staining in 

keratinocytes in the intact distal epidermis, in nonhealing compared to healing 

ulcers. Harris et al. 25 did not find statistically significant differences in the leveis 

of IL1a, IL1 [3, IL6, FGF2, GM-CSF and PDGF-AB between wound fluids from 

patients with healing and non-healing leg ulcers, divided on clinical criteria. 

When Trengove et a l .2 6 have analyzed wound fluids from each individual 

patient, in both nonhealing and healing phase of chronic leg ulcer, they observed 

significantly increased levels of proinflammatory cytokines in non-healing phase 

and unchanged levels of growth factors during healing process. From all these 

studies it is apparent that impaired healing of venous ulcers is rather not due to a 

failured production or secretion of cytokines and growth factors. However, the 

lack of response to these factors in the ulcer tissue may be due to the reduced 

effectiveness of these factors caused by their enzymatic degradation, lack of 

receptors, presence of antagonists or soluble receptors. 
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Reepitneiiaiization of wounds is due to proliferation and migration of 

keratinocytes at the wound edge. Previously, a highly proliferative epidermis in 

psoriasis was linked to IL8, 27 cytokine chemotactic for granulocytes. A variety of 

skin-derived cells, i.e., keratinocytes, fibroblasts, granulocytes and enothelial 

cells can synthesize IL8. We demonstrated only a weak IL8 reactivity in the 

endothelial cells in ulcer bed tissue. Recently, locono et a l .2 8 observed 

significantly increased level of IL8 in wound fluid from unhealing compared to 

healed burn wounds. 

We observed the significant deficiency of FGF2 in the ulcer base. Cooper 

29 

et al. demonstrated the decreased levels of this factor in wound fluid from 

chronic pressure ulcers compared to the acute wounds. The role of FGF2 in 

impaired wound healing remains controversial. A large clinical trial of FGF2 in leg 

ulcers was stopped because no therapeutic effect was detected.30However, 

some investigators reported a marked increase of fibroblasts and capillaries in 

FGF2 treated chronic wounds.31 

It is possible that the observed by us a weak expression of EGF and FGF-

R in neoepidermis may enhance keratinocyte proliferation.32 It was also shown 

that clinical effects of exogenous EGF on an accelerated wound repair can be 

due to an increased rate of keratinocyte migration after EGF treatment.33 ,34 Our 

previous study concerning proliferative capacity of keratinocytes at the edge of 

venous leg ulcer demonstrated that the impaired epithelialization is not caused 

by the lack of epidermal stem cells, inadequate proliferation, differentiation or 

keratinocyte apoptosis at the edge of ulcer.35 

14 
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The TGFp integrates an action of several celi types involved in the tissue 

repair process and is an important endogenous regulator of wound healing. 35 

We observed the unchanged intensity of staining for TGFp in the neoepidermis 

and keratinocytes distal to the ulcer, as well as in immune cells present in 

dermis. Cowin et a l .3 7 observed a weakerthan in normal unwounded skin 

TGFp l , p2 and p3 staining within the epidermis and dermis surrounding the 

chronic venous uleers. 

In our study there was no reactivity of skin cells with anti- PDGFb antibody 

(data not shown) and no expression of PDGFa in the neoepidermis. However, 

the inereased PDGFa staining in EC in ulcer base and dermis adjacent to the 

ulcer was observed. Pierce et a l .3 8 showed a markedly reduced PDGFa 

expression in fibroblasts and capillaries as well as a lack or a weak expression of 

PDGFb in chronic wounds. Upregulated expression of PDGFa was seen in 

keratinocytes from nonhealing venous leg uleers. 12 Such discrepancy may 

reflect differences between the used antibodies and the various phases of 

healing in studied tissues. 

In conclusion, keratinocytes at the edge of venous leg ulcer revealed 

normal secretory capacity, however, there was a limited reeruitment of immune 

cells partcipating in wound healing to dermis surrounding ulcer and ulcer bed. 

The mechanism of inhibited immune celi extravasation in the ulcer base and 

dermis adjacent to the ulcer, despite of E-selectin and N/CAM1 expression on 

EC, remains unclear. There was no marked upregulation of cytokines and growth 

factors in the ulcer tissue and no remodeling of the ulcer bed tissue was 
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observed. It is likely that healing of venous leg ulcer may be improved by 

modulating of the persisting inflammatory process. It can be reached by 

activation of Langerhans' cells at the wound edge, controlling factors that 

stimulate extravasation of immune celi precursors from circulation to the ulcer 

bed (like chemokines), controlling factors that inhibit inflammatory response and 

down-regulate neutrophil infiltration or neutralize their elastase production 39 and 

activate angiogenesis, fibrogenesis and extracellular matrix formation. Recently, 

the succesful engraftment of bone marrow- derived cells in the treatment of non-

healing chronic wounds was described.4 0 
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Fig.6 Immunohistochemical staining with anti-CD1a antibody shows lack of 

Langerhans' cells in epidermis (E) enroaching upon the granulation tissue 

(G) (a) and their marked expression in epidermis distal to the ulcer (b). 

Arrows indicate individual Langerhans' cells among numerous 

immunostained cells. 

Fig.7 Immunohistochemical staining of PDGFa shows numerous positive dermal 

(D) blood capillaries (BC) at the edge of ulcer under neo-epidermis (E). 
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Figure legends: 

Fig. 1 Histologic section of ulcer dermis (D) and epidermis (E) adjacent to the 

venous leg ulcer shows granulation tissue (G), acellular matter (AM) and 

few blood capillaries (BC) in the upper layer of ulcer tissue. 

Fig.2 Mean staining intensity of antigens characteristic for immune and 

infiltrating cells in different areas of the margin biopsies of chronic venous 

ulcers. (* P< 0.05 ulcer or edge versus normal area, score:0= no staining, 

1= weak staining, 2- moderate staining, 3= strong staining). 

Fig.3 Mean staining intensity of antigens characteristic for lymphocytes, 

macrophages and capillary endothelial cells in dermis from the margin 

biopsies of chronic venous leg ulcers. (* P< 0.05 ulcer or edge versus 

normal area, score: 0= no staining, 1= weak staining, 2= moderate 

staining, 3= strong staining). 

Fig.4 Immunohistochemical staining shows excessive infiltration of elastase 

producing neutrophils (a) and CD35 positive macrophages (b) in the 

granulation tissue (G). Arrows indicate individual cells among 

numerous immunostained cells. 

Fig.5 Mean staining intensity of cytokines and growth factors in keratinocytes 

and endothelial cells in different areas of the margin biopsies of chronic 

venous leg ulcers. (* P<0.05 ulcer or edge versus normal area, score: 

0= no staining, 1= weak staining, 2- moderate staining, 3= strong 

staining). 
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Dendritic Cells as Regulators 
of Immune Reactivity: 
Implications for Skin Transplantation 
Hanna Galkowska 

ANNALS OF TRANSPLANTATION, Vol. 9, No. 2, 2004, pp. 5 - 1 0 

Abstract: 
Skin allografts, in contrast t o o ther organ transplants, are acutely rejected despite intensive and toxic for the graft recipient immunosuppressive 
therapy. Long-term immunosuppress ion increases the risk for life- threatening infections and cancers. This is w h y clinical skin allografting practically 
does not exist. Skin Langerhans (dendritic) cells play a crucial role in the process of alloantigen recognition, its processing and initiation of the 
rejection reaction. T h e s e cells mature and migrate from the epidermis toward the dermal initial lymphatic vessels and further with afferent lymph, 
as veiled cells, they f low t o the regional lymph nodes . Since a major goal in transplantation research is t o understand and exploit the immunogenic 
properties of "passenger cells" as well as the tolerogenic properties of immature dendritic cells, studies concerning migrating less matured veiled 
cells obtained from afferent lymph draining skin s e e m t o be relevant. Knowledge of mechanisms responsible for immunological synapse formation 
by veiled cells upon stimulation with allogeneic and bacterial antigens and of immunosuppressive drugs e f fect on this process , as well as of 
localization of Langerhans cells in skin epidermis and dermis in the inflammatory foci, would facilitate a rational approach for the therapeutic 
protocols enabling the prolongation of skin allograft survival t ime. 

Key words: Dendritic Cells; Afferent Lymph; Epidermis; Antigen Presentation; Skin Transplantation 

Introduction 
Skin allografts, in contrast to other organ transplants, 
are acutely rejected despite intensive and toxic for the 
graft recipient immunosuppressive therapy. Long-term 
immunosuppression increases the risk for life-
threatening infections and cancers. This is why clinical 
skin allografting practically does not exist. Recent 
cases of hand transplantation performed in various 
world centers have renewed the interest in basic 
studies on the pathomechanism of skin allograft 
rejection, since skin is the most actively rejected 
component of the tissue composite graft [1]. At the 
time of organ transplantation, a variety of non-
parenchymal cells are transplanted simultaneously 
with the allograft. Recognition of the importance of 
these cells as potential immunostimulatory cells led to 
the concept of "passenger leukocytes" as the principal 
instigators of rejection. There are among them the 
dendritic cells (DCs). 

Skin dendritic cells play a crucial role in the process 
of recognition of alloantigens, its processing and 
initiation of the rejection reaction. DCs are a unique 
population of leukocytes, and are the most effective 
antigen presenting cells (APC). 

They originate from CD34+ bone marrow stem 
cells and their precursors are seeded via the 
bloodstream to the tissues where they give rise to 
immature DCs. Majority of non-lymphoid tissues and 
organs contain DCs, including skin, heart, liver, lung 
and mucosal surfaces [2]. There are three pools of 
DCs isolated from skin: a/ epidermal Langerhans' cells 
(LCs), b/ dermal DCs (DDCs), c/ afferent lymph 
veiled cells (VC) [3], Cells from each cutaneous 

compartment can exhibit a distinct morphology, 
surface phenotype, and function. The bone marrow 
derived precursors of DCs extravasate in the dermis 
and give rise to DDCs and migrate toward epidermis 
to locate between the keratinocytes as LCs. Human 
skin is constantly barraged by a wide assortment of 
infectious agents including bacteria, fungi and viruses. 
Skin as a complex ecosystem with numerous microbial 
inhabitants presents highly efficient and evolutionarily 
conserved mechanisms of the innate immune system 
preventing colonization of deep tissues by the 
environmental antigens (defensins, toll receptors, 
NODs) [4]. LCs, as immature DCs have ability to 
uptake antigen and degrade it to produce peptides 
capable of binding to MHC class II. In response to 
tissue damage, inflammatory cytokines and antigen 
activation LCs mature and migrate from the epidermis 
toward the dermal initial lymphatic vessels [5] and 
further with afferent lymph stream, as VCs, they flow 
to the regional lymph nodes (Figure 1) [6]. VCs carry 
processed antigens or self antigens to lymph nodes 
where they interact with CD4 T lymphocytes to initiate 
immune responses, to mobilize lymphocyte and 
monocyte populations from blood perfusing the node, 
and to form the antigen-specific cohorts of effector 
cells. DCs do not appear in efferent lymph and 
therefore must accumulate in the lymph node as 
interdigitating cells and die by apoptosis [7]. 
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Figurę 2. Clusters of veiled cells with lymphocytes isolated from afferent 
lymph, cytospun onto glass slide and stained immunocytochemically with 
anti- DR- antibody. 

Figurę I. Migration of Langerhans' cells from venules toward 
epidermis and initial lymphatic (arrows). 

Figurę 3. Stimulators and responders of both donor and recipient 
origin in A- skin graft and B- recipient graft bed. Fuli arrows indicate 
cells forming synapses and bidirectional stimulation. Thin arrows show 
direction of celi traffic. 

In order to present antigen to lymphocytes, DCs have 
to come into physical contact with these cells and form 
a cluster (Figurę 2). Recently, a term "immunological 
synapsę" has been coined for this type of cluster [8]. The 
onset of signaling and T celi activation by DCs involves 
formation of a synaptic structure at the DCs-lymphocyte 
interface, with many features similar to those of the 
neuronal synapsę. In addition to the MHC-TCR contact, 
this structure includes co-stimulatory and adhesion 
molecules which interact with counter-receptors. 
A synapsę is composed of the peripheral and central 
supramolecular activation clusters. The main function 
of the synapsę is to serve as a device for initiating, 
stabilizing and sustaining T C R signal transduction 
during D C encounter. The assembly of maturę synapsę 
may take several minutes only [9]. 

Interestingly, in skin immune reactions clusters 
between VCs and lymphocytes may be already seen in 
the dermal interstitial space and lymph reaching lymph 
node [10,11]. This suggests the VC-lymphocyte 
cooperation to start already at the site of inflammation 
and VCs may "select" lymphocytes for migration in 
afferent lymph to peripheral lymph node [7]. In skin 
allografting the process of allorecognition and effector 
reaction is more complex than that after bacterial 
penetration of skin. The donor provides in the skin graft 
immunologically active keratinocytes, LCs, dermal 

macrophages and lymphocytes, whereas the recipient 
mobilizes own DCs, macrophages and lymphocytes in 
order to eliminate donor-specific antigens (Figurę 3). 
This complex local reaction is a new biological 
phenomenon as no M H C disparate skin-to-skin transfer 
occurs in naturę. Each skin allotransplant evokes a host-
versus-graft and graft-versus-host reaction. 

The fact that DCs are the most potent inducers of 
T celi responses led to high interest for their clinical 
application. In recent years, DCs were increasingly 
studied for their role as critical adjuvants in vaccines 
for prevention of microbial infection and for treatment 
of cancer and autoimmune diseases. DCs can be 
propagated in vitro from the bone marrow and 
peripheral blood using various combinations of growth 
factors [12]. However, the in vitro generated dendritic 
cells undergo maturation in culture and after injection 
into skin have been shown to remain at the site of 
injection [13,14]. Since a major goal in transplantation 
research is to understand and exploit the immuno-
genic properties of passenger D C as well as the 
tolerogenic properties of immature DCs [15], studies 
concerning migrating and less matured VCs obtained 
from afferent lymph draining skin than cultured DCs 
seem to be more relevant. 

Investigation of the in vivo- initiated reaction 
between migrating L C (VC) and lymphocytes 
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(afferent lymph celi clustering) need an appropriate 
model providing sufficient numbers of cooperating 
cells. This is not feasible in rodents with tiny skin 
afferent lymphatics containing few lymph cells. 
Therefore, a canine model with wide afferent 
lymphatics and sufficient numbers of circulating lymph 
cells was chosen. The proximal ligation of limb 
lymphatics and removal of the popliteal lymph node 
prior to harvesting lymph cells for laboratory studies 
allowed consecutive lymph sampling by vessel 
puncture. 

Hamesting, enrichment and function of canine afferent 
lymph veiled cells 
Harvesting and enrichment of VC was achieved in vivo 
in dogs following surgical interruption of hind limb 
lymphatic vessels [16]. The stagnant lymph of such 
dogs contains 10-30-fold more cells compared with 
normal lymph [17] and VCs present in the afferent 
lymph can be enriched from 6% to about 50% by 
density gradient centrifugation on 15% metrizamide 
or discontinuous Percoll gradients. These cells were 
strongly la positive, had cytoplasmic S 100 protein, 
were strongly ATP-ase positive and their activities of 
acid phosphatase, peroxidase and of non-specific 
esterase resembled these described for VC from other 
species [19,20]. Canine V C were able to stimulate 
T cells in allogeneic MLR and in auto-MLR when 
present at celi concentrations as low as 5% of the 
responding cells. Moreover, they exhibited the PHA 
presenting function characteristic of autologous 
lymphocytes [21]. These results indicate a close 
morphological, cytochemical and functional analogy 
between the veiled cells of dogs and other species. 

Antisera against afferent lymph \eiled cells 
Several authors have suggested that the cells 
responsible for the initiation of allograft rejection are 
passenger cells. The effectiveness of the la-positive 
veiled passenger cells of the skin collected from 
afferent lymph in provoking allogeneic response and 
in initiating renal graft rejection has previously been 
described. Whether anti-Ia antiserum reduces the 
number of Langerhans' cells in skin allograft is not 
known. By arresting the migration of Langerhans' cells 
from graft into lymphoid tissue or their maturation 
into immunostimulatory veiled cells, a new strategy for 
overcoming allograft rejection could be raised by using 
antisera against these immunoreactive cells. There was 
a major problem with raising such antisera due to 
difficulties in obtaining sufficient numbers of dendritic 
cells from epidermis or afferent lymph and no data on 
the possible effects of specific anti-Langerhans' celi 
sera were available. Canine afferent lymph cells were 
adeąuate for immunization and development of anti-
veiled celi antiserum. Raised by us and used in vitro 
anti-serrum blocked the la and CDI antigens of VC on 
smears and inhibited the accessory function of VC in 
celi response to phytohemagglutinin (PHA) and their 
stimulatory activity in mixed leukocyte reaction (MLR) 
[22]. In vivo, the local, intracutaneous administration 
of antisera led to a transient depletion of VC from 

afferent lymph, and to reduction of mononuclear cell 
density in the T-dependent areas of regional lymph 
nodes. Depletion of T-dependent areas in lymph nodes 
with sparing of follicles with use of the anti-veiled cell 
sera supports that this antiserum was directed 
primarily if not exclusively against dendritic cells and T 
lymphocytes. 

Immunocytochemical markers of canine dendritic cells 
Unlike those of man and mouse, canine dendritic cells 
can be poorly characterized, because only limited 
numbers of monoclonal antibodies (mAb) to their 
antigens are available. The first workshop on canine 
leukocyte antigens has allowed the identification and 
characterization of a set of anti-canine mAb that 
enable the extension of immunological research in the 
dog [23]. However, the specificities of these antibodies 
are still not elear enough to identify the canine 
equivalent of human CD antigens. For instance, 
canine CD4 antigen was detected at high levels on 
granulocytes and MHC class II antigens were found on 
all canine leukocytes. 

We screened monoclonal and polyclonal antybodies 
reacting with human leukocytes for their cross-
reactivity with canine leukocytes on cytospins using 
immunocytochemical methods [24]. Of 50 antibodies 
22 cross-reacted with canine leukocytes from afferent 
lymph and peripheral blood. A large number of 
antybodies also reacted with canine lymph veiled cells. 
We have raised and described two novel mAbs that 
recognize antigens expressed by the canine lymph 
derived DC [25]. They reduced lymphocyte binding to 
DC and T celi proliferative response to DC-associated 
alloantigens in the MLR. Both, whole antibody 
molecules as well as F (ab') fragments had the 
modulatory effect on lymph celi binding. It can be 
suggested that the suppressive effects of these mAbs 
have not been due to the blocking of receptors for 
antigen recognition, but rather to the blocking of the 
accessory molecules on DC. The epitopes recognized 
by our novel mAbs are unknown. 

Spontaneous cluster (immunological synapsę) formation 
by afferent lymph veiled cells and lymphocytes 
Epidermal Langerhans cells form a unique subset of 
dendritic cells. These cells incorporate, in vivo, the 
environmental antigens penetrating skin and this may 
prompt them to undergo 'spontaneous' clustering with 
T lymphocytes in afferent lymph. Dendritic cells bind 
lymphocytes in an antigen-independent pathway and 
can also bind resting T cells [26]. Controlling this 
process may be helpful in mitigation of skin immune 
reactions. Therefore, we have tried to elucidate the 
mechanisms of 'spontaneous' binding of veiled cells 
from the canine skin afferent lymph with autologous 
lymphocytes in their own environment, i.e. the lymph, 
and in the absence of a known antigen [27]. The 
number of clusters forming ex vivo in the collected 
lymph samples inereased as a function of time and was 
temperature dependent. Ineubation of cells with 
proteolytic enzymes or monosaccharides did not alter 
celi interactions. The ability of veiled cells to bind 
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lymphocytes was independent of divalent cations but 
reduced by xylocaine and retinoic acid. Among 
steroids only methylprednisolone showed an inhibitory 
effect on cluster formation. Indomethacin and 
acetylsalicylic acid had no blocking activity on cell 
binding. Also, no effect was seen after treatment with 
cyclosporine A and azathioprine. 

Factors governing this process are not clear, however 
the expression of accessory molecules on DC is thought 
to play a crucial role. A question arised which cytokines 
(other than GM-CSF and TNFa) responsible for LC 
maturation [28] can regulate expression of adhesion 
molecules and process of DC-T cell cluster formation. 
Skin is a rich source of cytokines primarily active locally 
in the microenvironment of cells in skin. Supernatants 
from highly enriched murine epidermal LC cultures 
contain bioactivities of IL1, IL6, GM-CSF and TNFa 
[29]. Furthermore, keratinocytes either produce 
constitutively, or can be induced to produce a variety of 
cytokines, among them IL1, IL6, IL8, IL10 and TNFa. 
Our studies showed [30] that the CD54 and CD58 
molecules play a key role in the 'spontaneous' lymph cell 
clustering. Antibody against fibronectin, a substrate for 
CD49d and CD49e receptors, reduced DC-lymphocyte 
binding. Analysis of the effect of cytokines revealed that 
the pro-inflammatory IL1(3 rather than ILla , and TNFa 
may be responsible for the enhanced lymph cell in vitro 
clustering. The IL6 had no such augmenting effect. The 
ILIRa alone had no effect on cell binding, even when 
used in the high doses. Neutralizing of ILIRa in lymph 
with the specific antibody brought about augmented 
cluster formation. The enhancing properties of TNFa 
on cell binding were reduced by the TNFa neutralizing 
antibody. The IL10 significantly limited lymph DC 
cluster formation with T cells. It provides insight into the 
potential clinical use of these inhibitors. 

Veiled cells initiate skin allograft rejection by indirect 
pathway of recognition 
It is generally accepted that there are two pathways of 
allorecognition. In the "direct" pathway host T cells 
interact with intact alloantigens on the surface of 
donor cells. In the "indirect" pathway host T cells 
recognize processed alloantigen presented by self-
antigen presenting cells (APC). It has been suggested 
that the acute rejection of skin allografts is mediated 
predominantly by the direct pathway, because the graft 
contains a significant number of L C and dermal DC. 
There is also increasing evidence for a significant role 
of the indirect pathway in alloresponse [31]. 

The complexity of cellular interactions in skin 
allograft rejection prompted us to find a model where 
the role of recipient DC in inhibition of the rejection 
process could be studied. We have used a canine skin 
to severe combined immunodeficient (SCID) mouse 
transplant model [32]. Two weeks after skin grafting, 
when donor LC had migrated out from the transplant, 
[33] canine peripheral lymph VC and lymphocytes or 
peripheral blood mononuclear cells (PBMC) 
allogeneic to the graft were injected intraperitoneally, 
and the rejection reaction was followed. These data 
suggest that accumulation of canine T cells in the graft 

is mediated by the presence of VC in the injected 
population and that infiltrating cells may be activated 
to alloantigen presented by the VC. The importance of 
VC in allograft destruction is supported by our 
observation that CD3 + T-cell infiltrates in graft dermis 
and epidermis were more extensive after injection of 
the whole population of lymph cells (with VC) than 
PBMC. 

Tacrolimus but not Cyclosporin A inhibits clustering of 
veiled cells with lymphocytes in allogeneic and 
autologous cell cultures 
The question arises as to whether cutaneous VC, the 
principal cells responsible for skin allograft rejection, 
undergo inhibition by other than Cyclosporin A (CsA) 
immunosuppressive drugs during cell clustering with 
autologous lymphocytes. Immunosuppressants like 
CsA, azathioprine, dexamethason, and hydrocortisone 
had no effect on VC clustering with autologous 
lymphocytes in vitro. In contrast, methylprednisolone 
(MP) and FK506 had a potent inhibitory effect, even 
at very low doses [34]. These findings are consistent 
with the results concerning cluster formation in the 
presence of CsA by human blood DC [35]. They 
confirm also that FK506 and MP could be superior to 
CsA in prolongation of skin allograft survival [36]. 

Inhibition of immunological synapse formation 
between DC and lymphocytes would presumably down-
regulate alloantigen recognition in skin allografts and 
the response to bacterial or viral infections. CsA and 
Tacrolimus (FK 506) have been shown to alter DC 
differentiation and lymphocyte activation [37]. We 
investigated the effect of CsA and FK 506 on the rate of 
in vitro formed synapses and on the expression of 
CD49d antigen, the molecule actively participating in 
forming of lymph DC- lymphocyte synapse [38]. Cells 
obtained from lymph draining skin were cultured for 
6 days in allogeneic and autologous combinations, in the 
presence or absence of CsA and FK 506. Thereafter, 
the cytospins of cultured cells were examined and 
percentages of the formed synapses and CD49d 
expression were established. The frequency of formed 
synapses was greater in allogeneic than syngeneic cell 
combinations. Cells treated with FK 506 showed 
a decreased rate of both autologous and allogeneic 
synapses as well as lower expression of CD49d. CsA did 
not inhibit synapse formation either in autologous or 
allogeneic cell combinations. However, CsA significantly 
reduced expression of CD49d antigen on both lymph 
DC and lymphocytes. It suggests that also other 
molecules were involved in formation of synapse. 

Bacteria-stimulated veiled cells form clusters 
with lymphocytes 
Transplanted allogeneic skin becomes ischemic in 
course of the rejection process. Ischemia facilitates 
penetration of microorganisms residing of the skin 
surface and skin appendices. Bacteria penetrating skin 
evoke an immediate chemotactic reaction resulting in 
recruitment of granulocytes, phagocytosis and 
desintegration of the penetrator. The locally residing 
Langerhans' cells, macrophages and lymphocytes as 

http://rcin.org.pl



GAŁKOWSKA 
9 

well as mobilized from blood immune cells become 
activated. Presentation of antigen reąuires direct 
physical contact of dendritic celi with lymphocytes and 
formation of cluster (immunological synapsę). In 
inflammation, the number of formed clusters is 
directly proportional to the intensity of the immune 
process developing in the tissue is lymph drained from. 

We iiwestigated the kinetics of lymph VC- lympho-
cyte cluster formation during a 12h in vitro stimulation 
with Staphylococcus warneri and the effect of penicilin 
on this process [39]. The bacteria-stimulated VCs have 
formed more clusters with lymphocytes than control 
cells. The proliferative response of lymphocytes to 
bacteria-stimulated VCs was higher than in cultures with 
non-stimulated VCs. Benzathine penicillin decreased 
lymphocyte proliferative responsiveness irrespective of 
whether the cocultured VCs were stimulated with 
bacteria or not. It seems that during skin allograft 
rejection veiled cells react to both allogeneic and 
bacterial antigens. This cumulative process may be more 
destructive to the graft than rejection of organ 
transplants without resident bacterial flora. 

The margin of skin ulcers, an emironment for epidermal 
Langerhans' cells migration and cooperation 
with keratinocytes and lymphocytes 
Langerhans' cells are typically localized in the basal 
and suprabasal layers of the epidermis and represent 
the principal hematopoietic barrier to the external 
environment. The mobilization of LCs to regional 
lymph nodes as well as the recruitment of their 
precursors from the circulation into the skin must be 
tightly regulated events. Certain, so far unknown, 
conditions should be met in order LC precursors to 
lodge in the epidermis, cooperate with keratinocytes 
and migrate upon stimulation towards the initial 
lymphatics. In lethally irradiated mice transplanted 
with congenic bone marrow cells epidermal LCs of 
host origin remained for at least 18 months, whereas 
DCs in other organs were almost completely replaced 
by donor cells within 2 months [40]. In parabiotic mice 
with separate organs, but a shared blood circulation, 
there was no mixing of LCs. However, in skin exposed 
to ultraviolet light, LCs rapidly disappeared and they 
were replaced by precursors within 2 weeks. 

In inflamed skin multiple changes occur, including 
the secretion of chemokines and cytokines by 
keratinocytes, allowing a marked loss of LCs and the 
recruitment of L C precursors. 

We studied the environment for L C to lodge in the 
inflamed skin, specifically in epidermis, and to make 
a functional contact with keratinocytes and other cells. 
Studies were carried out in the patients with diabetic 
foot and varicose ulcers of the calf [41]. Skin biopsy 
specimens were obtained from the border area of 
ulcers and the topographically corresponding sites of 
normal skin of patients undergoing orthopedic surgery. 
At the edge of both types of ulcer keratinocytes were 
p63+, CD29+, PCNA+ and p53. The mean intensity 
of p63 and CD29 staining, markers of epidermal stem 
cells, was higher than in controls. Data have showed 
that impaired epithelialization of chronic leg ulcers is 

not caused by an inadeąuate epidermal stem celi 
proliferation, differentiation or apoptosis. It may 
rather reflect the distored organization of wound bed, 
caused by infection and impaired nutrition supply, 
altering keratinocyte migration. We also studied the 
presence of epidermal and dermal LCs at the margin of 
venous ulcers [42, unpublished data]. Biopsies from leg 
ulcers of 10 randomly selected patients were examined 
immunohistochemically for leukocyte phenotypes, 
vascular adhesion molecules and cytokines and growth 
factors produced by keratinocytes (KC) and vascular 
endothelial cells (EC). There were no C D l a + 

Langerhans' cells in the epidermis encroaching upon 
the granulation tissue and also there was reduced 
CDla staining in the adjacent epidermis (p<0.05). 
Granulation tissue contained few fibroblasts and blood 
capillaries, with high intensity of staining for CD62E 
and CDI 06 but not for FGF2 on E C (p<0.05). The 
intensity of staining for scavenging CD15 + elastase+ 

granulocytes and CD35 + (C3bi) macrophages in ulcer 
bed was comparable to that in the margin but higher 
than in distant dermis (p<0.05), whereas that for 
CD68+, HLA D R + , T G F p + and CD54+ dermal 
leukocytes was similar in all areas. There was reduced 
staining for C D 4 + and C D 8 + cells in ulcer bed 
(p<0.05). The expression of cytokines and growth 
factors by KC was similar in the areas adjacent and 
remote from ulcer. In dermis adjacent to ulcer the 
expression of IL la , IL1(3, ILI Ra, E G F and PDGFa was 
higher than in distant dermis. 

Although keratinocytes at the edge of venous leg 
ulcer revealed a normal celi- cycle proteins as well as 
cytokine and growth factors secretory capacity, there 
was a limited recruitment of C D l a + Langerhans cells 
to dermis and epidermis surrounding the ulcer. 
Insufficient levels of locally produced chemokines [43] 
or low expression of their receptors on migrating cells, 
and lack of a proper molecular modeling of niches for 
L C precursors lodgement may be responsible for lack 
of LC- keratinocyte contacts in epidermis. 

Condusions 
A uniąue model for studies of the in vivo-formed 
functional clusters between dendritic (veiled, Langer-
hans cells) was worked out in a large animal (dog) 
allowing to collect sufficient number of cells and test 
their functional capacities. Applied experimental model 
allowed drawing analogies to human conditions. The 
phenotype and reactivity to stimulating and inhibiting 
substances has been elaborated. Specific polyclonal 
anti-serum and monoclonal antibody had an inhibitory 
effect on veiled celi reactivity both in vitro and in vivo. 
The proinflammatory cytokines stimulated and anti-
inflammatory cytokine and drugs as pentoxyfillin, 
FK506 and methylprednisolon but not CsA inhibited 
formation of clusters. Bacterial antigen inereased in 
lymph culture the cluster formation rate. Interestingly, 
long-term penicillin downregulated this process. In 
contrast to the in vitro observations, the in vivo 
cooperation of veiled Langerhans cells with lympho-
cytes and other cells seemed to be additionally 
governed by the environmental factors. In inflamed 

http://rcin.org.pl



10 ANNALS OF TRANSPLANTATION Vol. 9, No. 2, 2004 

tissue there was less recruitment of Langerhans celłs 
despite of high cytokine expression. A proper molecular 
niche is probably needed. 

These studies provided more insight into crucial 
cellular events in the skin immune system that is antigen 
presentation between the migrating dendritic cells and 
lymphocytes forming physical celi cluster and specifically 
the effectiveness of drugs on this process. The applied 
model allows further investigations on manipulating eell 
clustcring with immunosuppressive drugs resulting in 
prolongation of skin graft survival. The recently 

published data of efficacy of FK506 in prolongation of 
human hand survival corroborate our results on 
inhibiting effects of this drag on cluster formation [44], 
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