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ABSTRACT 

 

THE ROLE OF DENDRITIC CELLS IN GRAFT REJECTION 

Department of Microbiology and Immunology 

 

 Induction of acquired immunological tolerance is the ultimate goal in 

transplantation. So far the acceptance of a mismatched graft is achieved through 

immunosuppression that requires long-term treatment and a variety of methods 

have been explored to prevent rejection and achieve transplant tolerance in 

mouse models. 

 There are several factors that contribute to acquired tolerance.  Recent 

studies have focused on the inhibition of costimulatory molecules and TLRs in 

Dendritic Cells (DCs), as a key to the mechanisms underlying the barrier to 

tolerance induction.  

 Dendritic cells are the sentinels of the immune system.  Immature 

Dendritic cells, which are characterized by low MHC Class II expression and 

weak T cell stimulation ability, reside in all organs of the body sampling the 

environment for antigens to bring back to the lymph nodes for T and B cell 

tolerization or activation, depending on the presence of danger signals.  One of 

these danger signals is LPS from gram-negative Bacteria that can induce DC 

maturation by triggering TLR4, a surface PRR that is also stimulated by 

endogenous danger signals, like HMGB1, released during inflammation and 
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tissue damage. Mature DCs highly express MHC II and costimulatory molecules 

and are potent T cell stimulators.  However, LPS has multiple effects on DCs. 

Indeed, unpublished results from our lab also show that LPS induces DC cell 

death in vitro and in vivo. It has also been reported that DCs treated with LPS 

during their development remained in an immature state and they induced 

alloantigen-specific anergy of CD4+ T cells in vitro. The effects of the 

simultaneous exposure of DCs to LPS and endogenous danger signals requires 

further investigation. Therefore, we developed a mouse skin transplant model to 

determine the effects of LPS and endogenous danger signals, released during 

engraftment, on DC functions and the ability to induce rejection vs tolerance in 

transplantation.  We used the spontaneous model of skin rejection of a single 

minor histocompatibility mismatch, the male-specific H-Y antigen. We performed 

skin grafts from the tail or ear of female or male C57BL/6 mice onto syngeneic 

female recipients.  We administered 4 treatments of PBS 0.5ml or LPS 0.5ml at 

25ug/mouse every other day starting from day 0.  We observed that control mice 

transplanted with male skin completely rejected the graft between 24-34 days, 

while mice transplanted with male skin and treated with LPS did not show 

rejection of the graft until an average of 64 days and 50% of did not rejected at 

all. When we administered a different DC stimulator, the TLR9 ligand CpG, we 

found on the contrary that it induced acceleration of the graft rejection.  

To understand the mechanism underlying these results, we studied the DCs 

in vivo. Upon organ transplantation, DCs migrate out of the graft in the first 3 

days.  Studying the phenotype of the DCs migrating out of the skin graft, we 
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found a sharp decrease of DCs in the skin graft as early as 48 hours post 

transplant and the loss of DCs was more severe with treatments of LPS.  The 

analysis of the DCs in the epidermal sheets of the graft showed that mice treated 

with LPS treatment had strongly decreased numbers of DCs compared to mice 

injected with either PBS or with CpGs. Moreover, we analyzed the DCs from the 

graft-draining Lymph Nodes (Brachial and Inguinal), and from Spleen.  We found 

again decreased numbers of DCs in both the Spleens and Lymph Nodes of 

grafted mice treated with LPS compared to mice injected with either PBS or 

CpGs.  Based on these findings, we hypothesize that one of the mechanisms in 

which LPS prolongs graft survival is that it decreases the number of DCs leaving 

the graft to stimulate the immune response. LPS is either killing the DCs or 

holding them outside of the Lymph Nodes, not allowing for antigen presentation 

during the first week after transplantation when most of the DAMPS from the 

surgery and ischemia are released. 
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CHAPTER 1 

INTRODUCTION 

1.1. Dendritic Cells  

Dendritic Cells (DCs) are cells of the innate immune system that play a key 

role in the activation of the adaptive immune response.  The most important 

function of DCs is to recognize the presence of a pathogen or damaged tissue 

followed by the process of taking up antigenic material to present on their surface 

to other cells of the immune system.  This then activates the immune response.  

Because DCs can activate naïve T cells [1], they are considered Professional 

Antigen Presenting Cells (APCs) and act as messengers between the innate and 

adaptive immune response [2].  DCs are derived from bone marrow progenitor 

cells; upon differentiation, they circulate to the periphery where they reside as 

“Sentinels” called immature or resting DCs, sampling the environment for Pattern 

Associated Molecular Patterns (PAMPs), Damage Associated Molecular Patterns 

(DAMPs) and cytokines [2].  PAMPs are molecules associated with groups of 

pathogens that trigger the activation of immune cells though Toll-Like Receptors 

(TLRs) and other Pattern Recognition Receptors (PPRs) [3].  DAMPs are 

considered to be molecules that can activate a noninfectious inflammatory 

response in the immune system activating the same PRR [4].  Examples include 

HMGB1 and DNA present outside of the nucleus or mitochondria of cells [5].   

As resting DCs, they posses the ability to uptake bound molecules by 

internalization and phagocytosis inside endosomes and phagosomes, but do not 

have the ability to present antigen in the lymphoid organs [3].  Once activated by 
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these PAMPs, DAMPs, or cytokines, DCs go through a maturation process that 

results in the upregulation of the surface expression of MHC II and other 

costimulatory molecules such as CD80, CD86, and CD40 [6].  Additionally, pro-

inflammatory cytokines such as IL-1$, IL-12 or Interferon-% are secreted which 

have the ability to activate other DCs and immune cells [6].  During the 

maturation process, they migrate to the lymphoid organs and present antigens to 

T cells, which then begin the adaptive immune response.  

While our understanding of DC subsets is continually evolving, DCs are 

generally classified under two categories, Conventional Steady-State DCs, and 

Non-Conventional DCs.  Conventional DCs are further divided into Migratory and 

Lymphoid DCs [7]. Migratory DCs include DCs found in peripheral tissues such 

as skin, lung, intestinal tract, liver and kidney [7] and are characterized by their 

ability to migrate from the periphery to lymphoid organs upon activation while 

Lymphoid DCs stay in lymphoid organs such as thymus, spleen, and lymph 

nodes (LNs).  Lymphoid DCs are further characterized by their expression of 

CD4 or CD8 [8].  

Unconventional DCs include Plasmacytoid DCs (pDCs) which are classified 

here by their secretion of high amounts of Type I Interferons (IFN), and 

Monocyte-derived DCs which function similarly to Migratory DCs, but come from 

a different lineage [7]. 

In this study we focused on two types of Migratory DCs, Myeloid DCs (mDCs) 

and Langerhans DCs.  While Myeloid DCs circulate through the periphery and 

act as described above, Langerhans DCs do not derive from the bone marrow, 
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but rather from precursors present in the basal layers of the epidermis [9].  They 

are characterized by their slow turnover and their role in initiating Th1 and Th17 

response during subcutaneous sensitization [7].  Many agree they are most 

abundantly found in the Stratum Spinosum layer of the epidermis [10].  These 

DCs are the first to encounter epidermal tissue damage upon which they migrate 

from the epidermis to the draining Lymph Nodes and act as APCs by presenting 

antigen to T Cells and begin the immune response [11]. 

Because DCs play such an important role in adaptive immunity, several 

studies have explored the tolerization or inactivation of DC maturation and its 

effect on the immune response.  Several methods have been explored both in 

vitro and in vivo.  Resting DCs pretreated with IL-10 showed a decreased ability 

to stimulate CD4+ T cells [12].  The use of Glucocorticoids has also been 

explored and was found to inhibit DC maturation and differentiation [13].   

In addition to the exploration of DC inactivation, several studies have focused 

on DC depletion to study the effect of their absence in the immune system. 

CD11c-DTR Transgenic Mice were developed using DC-restricted expression of 

a Diphtheria Toxin receptor (DTR) expressed under the control of the 

CD11c/Itgax promoter [14].  Depletion of DCs in this model caused decreased 

Cytotoxic T Cell (CTL) priming and an inability of the deficient mice to mount an 

adequate response to intracellular bacteria and parasites [15].  These findings 

suggest that CD11c+ DCs are responsible for the priming of CD8+ T Cells in the 

tissue dLN.  Mice lacking CD11c+ DCs develop progressive myeloproliferative 

disorder [16], a disease that through soluble growth factors, such as Flt3 ligand, 
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trigger hematopoietic feedback regulation causing the overproduction of mature, 

functional blood cells [17]. 

 

1.2. Transplantation  

Allograft transplantation involves one of the most complex challenges in 

modern medicine, transplant rejection.  This process can involve either a major 

histocompatibility complex (MHC) mismatch or a minor histocompatibility 

mismatch. MHC antigens have a major impact on transplantation and on the 

biological progress of graft rejection.  MHC is a closely linked, highly polymorphic 

multi-gene and multi-allelic complex playing a central role in both cell-mediated 

and humoral immune responses [18].  Full allograft transplantation involves a 

MHC mismatch where several factors contribute to acute graft rejection [19].  

Recipient APCs acquire exogenous donor antigen, and can present them in the 

context of both MHC class I and II, through a process known as indirect 

presentation [19].  This causes both a CD4 and CD8 T Cell response.  

Additionally, donor APCs can also migrate out of the graft and present their own 

MHC to activate T cells, in what is called “direct presentation” [19].  To reduce 

the chance of transplant failure, it is always preferable to select a donor that is as 

close genetically to the recipient as possible.  A twin is usually the best choice 

and from their siblings, children, and other relatives are preferable but do not 

guarantee success.  The closer in relation the donor and host are the closer a 

match the MHC will be [20].  However, in many cases a minor histocompatibility 

mismatch, which is one or often many antigens that are not included in the Major 
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Histocompatibility Complex, is enough to cause graft rejection [21].  In 

experimental mice, transplantations in which the donors are male animals and 

the recipient are female animals of the same strain are unsuccessful due to the 

presence of the H-Y antigen expressed by male mice.  This combination of 

donors and recipients presents a unique opportunity to study graft rejection in 

mice that are virtually identical except for one minor histocompatibility difference 

and therefore to study the contribution of donor and recipient APCs on the 

induction of rejection in a minor mismatch model.  

In today’s medicine, the treatments of choice to prevent transplant rejection in 

allograft cases are a combination of immunosuppressive drugs to inhibit the 

activation of the immune system.  While helping to prevent graft rejection, 

suppression of the immune system can have the dangerous effect of increased 

susceptibility to infections.  There are several types of immunosuppressive drugs 

administered post transplantation [22]. Glucocorticoids, Monoclonal Antibodies, 

cytotoxic drugs and inhibitors of cytokine production and signaling are most 

common.  Glucocorticoids are used to suppress cell-mediated immunity by 

inhibiting various pro-inflammatory cytokines such as IL-1$, IL-12 and Interferon-

% [13].  Monoclonal Antibodies, such as basiliximab and daclizumab, are also 

used to suppress cell-mediated immunity by targeting the alpha chain of the IL-2 

receptor [23]. Cytotoxic drugs like cyclophosphamide and mycophenolate mofetil, 

inhibit DNA synthesis and cell proliferation.  Immunophilin such as tacrolimus 

affect T Cell proliferation by blocking the production and response to IL-2 [22]. 



!
!

)!

Due to the dangers of these immunosuppressive drugs, much work is going into 

the research of other therapies to treat and prevent transplant rejection [24]. 

Much work is being done to introduce simplified immunosuppression 

regimens that target more specifically and are devoid of toxicities.  Several novel 

protocols are currently being tested to induce graft tolerance in experimental 

mice and clinical trials.  These studies incorporate the use of biomarkers instead 

of drug levels to maintain the balance between controlling alloimmune responses 

and maintaining a healthy immune system [25].  Experimental transplant studies 

have looked at antibodies that block CD40-CD154 interaction in combination with 

CTLA4Ig to induce indefinite graft survival [25]. Abatacept (CTLA4Ig) and 

efalizumab (anti-LFA1 mAb) have demonstrated to be effective against rejection.  

However, due to the risk of post transplant lymphoproliferative disease and 

progressive multifocal leukoencephalopathy, efalizumab is unlikely to be tested 

clinically [25].   

 

1.3. Dendritic Cells in Transplantation  

Dendritic Cells are the only true professional APCs of the immune system. 

They are necessary for the activation of the adaptive immune response through 

presentation of antigen to T Cells.  Though their most studied purpose is to 

activate the adaptive immune response, DCs also play a pivotal role in immune 

tolerance.  They induce either immunity or tolerance based on the presence of 

danger signals.  Previous work has found that tolerogenic DCs are needed to 

induce T cell anergy [26] and also regulatory T cell generation [27].  This gives 
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DCs the power to activate or prevent an immune response to a given antigen.  In 

transplantation, it has been found that the transplantation of solid organs triggers 

an inflammatory response, ischemia-reperfusion process, as well as an adaptive 

immune response post surgery [28].  At the site of these transplants, donor DCs 

rapidly leave the area and move to the draining LN (dLN), while recipient immune 

cells invade the graft [29].  It has been proposed that donor DCs may promote 

acute rejection through the direct pathway of antigen presentation [30].  Further 

work suggests that recipient DCs may also contribute to chronic rejection through 

an indirect pathway of antigen presentation [31].   

To achieve DC inactivation some studies target DCs through TLR stimulation. 

The combination of DAMPS from the transplant surgery and PAMPs from TLR 

stimulation may lead to over-activation and possibly cell death or anergy of DCs 

in vivo.  This would mediate transplant tolerance.  This method of achieving graft 

tolerance has been for the most part unexplored. 

 

1.4. Toll-Like Receptors  

DCs can be activated through a signaling cascade initiated by TLR 

stimulation.  For this study, we are focusing on TLR-4 and TLR-9.  TLR-9 is 

expressed within the endosomal compartments intracellularly and recognizes 

unmethylated CpG sequences in DNA molecules.  CpG oligodeoxynucleotides 

are known activators of the immune response [32, 33]. TLR-4 is found on the cell 

surface of immune cells and recognizes Lippopolysaccaride (LPS), a highly 

conserved molecule found in the outer membrane of gram-negative bacteria.  
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LPS is a large molecule consisting of a lipid and a polysaccharide joined by a 

covalent bond.  In animals it acts as an endotoxin and elicits a strong immune 

response.  LPS can be purified and it has been widely used to study various 

cellular and immune responses [34].  

LPS has been used as one of the most common activators of DCs both in 

vivo and in vitro [33].  LPS upregulates the nuclear translocation of the nuclear 

factor (NF)-!B transcription factor [35]. Through this transcription factor, LPS is 

activates production of TNF-", lL-12, IL-1# and IL-6 [34]. While LPS is known as 

a potent activator of DCs in mice, it cannot be used as an adjuvant for humans.  

Humans are more sensitive to the pro-inflammatory effects of LPS as it causes 

hypercytokinemia, a potentially fatal immune reaction caused by the positive 

feedback loop between cytokines and immune cells, with highly elevated levels 

of various cytokines [36]. Moreover, in vitro and in vivo work in mouse and in 

human systems showed that LPS not only induces DC activation but can also 

cause the apoptotic death of terminally differentiated DCs [37].  Zanoni et al 2009 

has also showed the LPS-induced apoptosis is mediated through NFAT 

activation and the LPS co-receptor CD14 is necessary to begin this process.  DC 

apoptosis upon LPS stimulation is essential for maintaining self-tolerance and 

preventing autoimmunity [38].    

Though LPS is not used as an adjuvant to stimulate an immune response, 

CpGs are in clinical trials and are potent immunostimulatory agents [32].  CpGs 

are recognized by TLR-9, they signal through the MyD88 pathway [39] and the 

immune system response to CpGs is skewed towards a Th 1 response [40]. 
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1.5. DAMPs  

As PAMPs such as LPS are known activators of DCs, various DAMPs are 

also sufficient to activate DCs in vivo. Cells undergoing stress or abnormal cell 

death produce molecules or molecular structures that induce resting APCs to 

become activated [41].  Activated APCs upregulate costimulatory molecules and 

pro-inflammatory cytokines to initiate immune responses. There are 2 types of 

DAMPS, also known as endogenous danger signals.  Primal danger signals are 

released during tissue stress and damage and do not require the previous 

activation of APCs [41]. These danger signals include heat-shock proteins, 

hyaluronic acid, uric acid, and degradation products of the extracellular matrix 

[42].  High-mobility group protein B1 (HMGB-1) is one of these DAMPs that is 

released from cells during non-apoptotic cell death. HMGB1 can trigger TLR-2, 

TLR-4, RAGE receptor and interact with cytokines [43].  Feedback danger 

signals are made by the activated DCs or by other immune cells after stimulation 

by activated APCs, such as CD40 ligand (CD40-L) that is expressed by activated 

T cells [33].   HMGB-1, TNF-" and IL-1# are both primal and feedback 

molecules.  They are expressed by non-immune cells undergoing stress and by 

activated immune cells.  These DAMPs alone are enough to trigger activation of 

the immune response, but are often found in combination with PAMPs during an 

actual infection [41]. 

In transplantation, most DAMPs have been recently divided into 4 classes 

based on their role in the activation and maturation of DCs; Class 1 DAMPs are 

recognized by Pattern Recognition Receptors (PPRs) such as TLRs, mainly TLR-
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4, TLR-2 and the receptor for advanced glycation end product (RAGE).  They 

can include such agonists as HMGB1, inducible heat shock protein 70 (HSP72) 

and endogenous DNA. With respect to oxidative injury, class 1 DAMPs are 

associated with mediating full-scale Ischemia-Reperfusion Injury. In 

transplantation, they activate both donor and recipient DCs to translate innate 

immune events resulting in acute allograft rejection.  Class 2 DAMPs are 

classified as stress-inducible proteins mainly expressed on epithelial and 

endothelial cells, which activate DCs through special activating receptor, the 

activating receptor natural killer group 2, member D protein (NKG2D) on innate 

lymphocytes. This receptor senses molecules known to be induced by injurious 

cell stress and recognizes self-molecules expressed on the cell surface during 

transformation or infection.  Class 3 DAMPs trigger the production of pro-

inflammatory cytokines through the activation of DCs by injury-induced 

endogenous molecules inside infammasomes.  DAMPs operate as agonists of 

PRRs inside the inflammasomes that control the activity of the proinflammatory 

caspase 1. Inflammasomes activated via PRR-mediated signals, control 

maturation and secretion of IL-1# and IL-18.  Potent proinflammatory cytokines 

whose activities direct host responses to infection and injury.  Class 4 DAMPs 

are able to indirectly activate DCs though neoantigens that are recognized by 

pre-existing IgM through complement activation[44].  Injury-induced endogenous 

molecules that are recognized by humoral-innate immune receptors such as 

natural IgM antibodies [44].  Autoreactive natural IgM antibodies are early 

effectors of the Ischemia-reperfusion injury cascade that are able to recognize 
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injury-induced antigenic neoepitopes. Natural IgM antibodies contribute to the 

pathogenesis of allograft Ischemia-reperfusion injury through the activation of 

complement pathways [44]. 

Tissue injury-induced DAMPs play a crucial role in the activation of DCs and 

the transition of the innate immune response to the adaptive immune response 

[44].  During this process, resting DCs are activated leading to a global 

inflammatory environment and activation of complement and secondary tissue 

injury [44].   

 

1.6. Previous Work  

As mentioned before, LPS is a well-known activator of DCs, but there is also 

evidence that LPS has many effects on DCs other than activation/maturation.  In 

vivo, immediately after treatments with LPS, DCs show an increase in activation 

markers and T Cell stimulatory capacity, yet these same DCs show a reduced 

capacity to process protein and a decrease in numbers in the spleen 48 hours 

after i.p. injection of LPS [37] that correlates with increase TUNEL staining in 

splenic DCs and can be blocked by the up-regulation of the anti-apoptotic gene 

Bcl-x [37]. LPS induces Src-family kinase and phospholipase C.2 activation, 

leading to calcineurin-dependent nuclear NFAT translocation.  Within 48 hours of 

stimulation, LPS activates NFAT via CD14, process necessary to cause the 

apoptotic death of terminally differentiated DCs.  This process that has been 

proposed to be essential to maintain self-tolerance [38].  Previous work has also 

shown that bone marrow cells grown in GM-CSF-enriched medium and treated 
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from day 0 of a culture with LPS yield exclusively resting DCs. These resting DCs 

induce alloantigen-specific CD4 T cell anergy in vitro [11].  Unpublished work 

from Gallucci’s Dendritic Cell lab found that BMDCs treated in vitro at day 6-7 of 

culture with LPS had a high level of surface activation markers such as CD86, 

CD80, and CD40 at 24 hours exposure, followed by a high level of cell death at 

72 hours exposure.  In vitro, it was discovered that 1ug/ml of LPS was the 

optimal dose for maximum DC maturation.  In vivo, we found that 25ug/ml 

resulted in the same effect.  These findings and previous literature by De Smedt 

et al 1996 and Zanoni et al 2009 [37, 38] prompted us to explore further LPS’s 

effect on DCs ability to activate the immune system in vivo.   

Our goal is to study the role of DCs in transplant rejection and to determine if 

the over-activation or inactivation of DCs through the combination of both DAMPs 

of surgery and the PAMPs from the commensal flora or possible pathogens can 

stop DC presentation of antigen to T cells in the lymphoid tissue and 

subsequently prevent the activation of the immune system.  The prevention of 

DC presentation to activate the immune response may lead to a successful 

therapy for treating and preventing transplant rejection in humans.   
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CHAPTER 2 

AIMS 

 

One of the fundamental problems with transplantation is the body’s inability to 

tolerate foreign tissue. Danger signals are released during the inflammation 

caused by surgical transplantation procedure and by the ischemia due to the gap 

in vascularization of the graft [45].  We wanted to know the effects that the 

combination of DAMPS from the surgical procedure and PAMPS from 

commensal bacteria or possible pathogens would have on the activation state 

and functions of DCs and on the outcome of transplantation. We hypothesize that 

PAMPs such as TLR stimulators LPS or CpG would synergize with the DAMPS 

of the surgical procedure, leading to DC death or paralysis, thus delaying 

rejection or inducing tolerance.  We developed a skin transplant model using the 

tail or ear skin from a Male or Female B6 mouse and transplanting it onto a 

Female B6 mouse after which we observe graft rejection timeline.  Male skin 

contains H-Y antigen, which is presented on syngeneic MHC I-II (H2-b) [46].  We 

observed the graft rejection time after treatment with and without CpG or LPS, 

over the course of 80 days post transplantation. In addition to investigating the 

long-term effects of LPS treatment post surgery, we also sought to investigate 

DCs at the transplantation site after the procedure.   To do so, we first looked at 

the epidermal sheets of the grafts 1-3 days post transplantation.  Next we tested 

the DCs ability to migrate out of the grafts over the same timeline.  Because the 

first place these DCs migrate to is the draining brachial and inguinal LNs, we 



!
!

"'!

analyzed these immune sites in the grafted mice between 1 and 3 days post 

transplantation.  And finally, to observe the systemic effects of treatment, we 

analyze the spleens of the grafted mice the same time time-points post 

transplantation. 

Skin graft models have been used to investigate the process of graft rejection 

and the effects of minor histocompatibility differences on the activation of the 

immune response.  The delayed response of minor histocompatibility differences 

in skin grafts is well documented: indeed, a mouse can reject a fully MHC-

mismatched skin in 13-20 days while a single minor-mismatched (like H-Y) skin 

will be rejected 24 up to 40 days post-surgery. Therefore, a model of single minor 

miss-match allows to study graft rejection on a cellular level more easily than a 

full allograft mismatch in which rejection is much more rapid [47].  These models 

were previously used to study T cell activation and response to skin grafts.  We 

used this model to study the DCs involved in the process.   
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Mice and Treatments  

C57BL/6 (CD45.2) and C57BL/SJL (CD45.1) mice were purchased from 

Jackson Laboratory and maintained in our colony in accordance with the 

guidelines of the Institutional Animal Care and Use Committee of Temple 

University, an American Association for the Accreditation of Laboratory Animal 

Care-accredited facilities.  Female and male mice were used between 7 and 14 

weeks of age for sterile surgery using IACUC approved protocols.   

 

3.2 Surgical Procedure.  

Sterile surgery was performed by first euthanizing the donor mouse using 

CO^2.  Tail or ear skin was removed from the donor mouse and kept on ice in 

cold PBS.  For ear skin transplants, the ventral side of the ear was discarded due 

to the high amount of cartilage and the dorsal side was used for transplantation.  

Recipient mice were anesthetized using Isoflurane and injected with 20ug/mouse 

Meloxicam as an analgesic i.p.  Their torso was then shaved and wiped with 70% 

Ethanol.  A patch of skin was removed from left torso, approximately the same 

size as the donor tissue, and a patch of donor skin was fitted on the recipient 

mouse left flank.  Then the donor tissue was trimmed down so that there are no 

folds in the skin or any spaces between donor and recipient epithelium. Mice 
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were bandaged using Tegaderm pads to secure the graft in place, then wrapped 

with a Bandaid and Surgical Tape.  For long-term grafts, bandages were left on 

for at least 10 days to ensure the graft healed without disturbance (Figure 1).  

Recipient mice were injected I.P. with either 25ug/mouse LPS, 100ug/mouse 

CpG, or PBS in 0.5ml. Each mouse received 4 treatments at days 0, 2, 5, 8.  

Mice were monitored for signs of graft rejection up to 80 days. We define 

rejection as the loss of >90% of the graft.     

 

3.3 Antibodies and Reagents  

We purchased APC conjugated anti–mouse CD11c and anti-CD25; FITC-

conjugated anti-CD3, -CD4, -CD45.2, and streptavidin; biotin anti-CD4, -CD11c, 

and MHC II; PE conjugated anti-mouse MHC II, -CD11b, and -CD4; PE-Cy7 

conjugated anti-mouse anti-CD4, -CD44, and -Ly6C-G; PerCP-Cy5.5 anti-CD19, 

-CD45.1 from BD Bioscience.  APC conjugated anti-mouse CD11c was also 

purchased from eBioscience. Collagenase V was purchased from Worthington 

Biochemical Corporation.  DNase I, derived from bovine pancreas, and LPS-

3755 was bought from Sigma Aldrich. CpG-B1826 was synthesized by IDT 

biotechnologies.  

  

3.4 Spleen and Lymph Node Flow Cytometry  

Staining for surface markers. Spleens and LNs were collected in Iscove’s 

Media containing with 1000U/ml DNAse 1 and 8mg/ml Collagenase V.   Tissue 
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was shredded and incubated at 37 °C for 45 minutes to free the DCs from the 

extracellular matrix bindings.  Cells were then passed through 100uM cell 

strainer using a syringe plunger.  We used Red Cell Lysis Buffer (ACK Buffer) 

1ml for 1-2min then immediately wash with 20ml PBS to lyse red blood cells 

present in the spleens.  Cells were transferred to a deep 96-well plate.  Spleens 

cells were resuspended at a concentration of 1 million cells per well while all cells 

from each Lymph Node were resuspended in their own well.  50ul 2.4G2 was 

added to the cells in each well for a total volume of 100ul - incubate for 15min on 

ice.  Cells were stained with 100 ul of a mix of four antibodies at the appropriate 

concentrations: APC conjugated anti–mouse CD11c at 1:100 and anti-CD25  at 

1:200; FITC-conjugated anti-CD 3(1:250), -CD4 (1:250), -CD45.2 (1:200), and 

streptavidin (1:500); biotin anti-CD4 (1:250), -CD11c (1:250), and MHC II (1:500); 

PE conjugated anti-mouse MHC II (1:500), -CD11b (1:250), and -CD4 (1:250); 

PE-Cy7 conjugated anti-mouse anti-CD4 (1:300), -CD44 (1:250), and -Ly6C-G 

(1:250); PerCP-Cy5.5 anti-CD19 (1:250), -CD45.1 (1:250) all diluted in FACS 

buffer.  Cells were then incubated for 30min on ice in the dark.  Cells were 

washed and then fixed in 2% Formalin.  Some wells were not fixed but rather 

analyzed as live cells to determine viability, and after the last wash they were re-

suspended in FACS buffer and 5ul 7AAD was added 5 minutes before reading.   

 

3.5 Epidermal Sheets  

Dorsal ear grafts (i.e., cartilage-free) were removed and analyzed 24h, 48h 

and 72h post transplantation.  Ears were incubated in 0.5M Ammonium 
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Thiocyanate for 20 minutes at 37° and washed in PBS.  Dermal and Epidermal 

Sheets were then separated and epidermal sheets were mounted to polylysine 

coated slides, air-dried and fixed using Histological Grade Acetone.  Ears were 

then re-hydrated and incubated with biotin-conjugated anti-mouse MHC II diluted 

in 0.1%BSA over night.  Samples were washed in PBS containing 1% FBS and 

0.01% NaN/0 then incubated in streptavidin FITC at a 1:500 dilution, diluted in 

0.1% BSA for 90 minutes. Samples were washed again and mounted.   MHC II 

positivity was used to determine DC populations using fluorescent microscopy.   

 

3.6 Ex Vivo Migration Assay  

Cartilage-free Dorsal ear grafts were split into dermal and epidermal sheets 

as described in the previous paragraph and placed dermal side facing down in 

one well of 24-well tissue culture plates in 1.5 ml of DC medium (complete IMDM 

(10% FBS, 2 mM L-glutamin, 100 U/ml penicillin, 100 ug/ml streptomycin, 50 

ug/ml gentamicin, and 55 uM beta-mercaptoethanol) enriched with 3.3ng/ml GM-

CSF (BD Biosciences)) at 37°C, where the tissue spread flat and floated at the 

top of the DC medium. After 24 hours of incubation, the graft tissue was removed 

and cells that had migrated into the medium were collected from the wells for 

counting and processed as described in 3.4 using flow cytometry. 
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3.7 Statistical Analysis  

Results were analyzed using Prism software (GraphPad, San Diego) and 

used statistical tests one sample t-test and Log-rank, for the appropriate sets of 

experiments and considered significant values of p < 0.05 (marked in the figures 

as * p < 0.05; ** p < 0.01; *** p < 0.001. 
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CHAPTER 4 

RESULTS 

 

4.1 LPS delays rejection and promotes tolerance in skin graft 

To determine the effects of the combination of DAMPs from the surgical 

procedure, and PAMPs from commensal bacteria or possible pathogens would 

have on the outcome of transplantation, we engrafted skin from male C57BL/6 

mice onto syngeneic female C57BL/6 recipients, using the minor 

histocompatibility barrier between males and females. As controls, we also 

transplanted female C57BL/6 skin onto syngeneic C57BL/6 female recipients, a 

combination in which the donor and recipients are genetically identical and does 

not elicit immunological rejection. We used a Tegaderm adhesive pad to hold the 

graft firmly in place instead of suturing (Figure 1). The delayed response of minor 

histocompatibility differences in skin grafts is well documented: indeed, a mouse 

can reject a fully MHC-mismatched skin in 13-20 days while a single minor-

mismatched (like H-Y) skin will be reject from 24 up to 40 days post-surgery. We 

found that in our hands, the time of rejection of male skin by syngeneic female 

recipient was similar to timeframe reported in literature [47].  

To expose the mice to controlled amounts of PAMPs, we injected i.p. into the 

recipient mice either 25ug/mouse LPS, 100ug/mouse CpG, or PBS in 0.5ml at 

day 0, 2, 5, 8.  Female mice that received female skin graft showed complete 
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acceptance of the graft, indicating that our surgical technique and post-surgical 

care are adequate. Female mice that receive male skin and then were treated 
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with PBS showed complete rejection of their male skin grafts between 24-40 

days, as expected from literature.  Recipient mice treated with LPS showed a 

statistically significant delay of rejection, with an average graft survival of 64 days 

with 50% of the recipients never rejected through 80 days at which point we 

determined the graft to be accepted, when we terminated the experiment (Figure 

2 and 3). This time is 20-40 days past the length of time that is generally 

considered acceptable for induction of immunological tolerance in mice [47].  

Recipient mice treated with CpG rejected significantly earlier than both Control 

and LPS, between 19 and 32 days post transplantation, confirming previous 

reports that CpGs accelerate graft rejection in mice [48]. These results suggest 

that in the presence of the same DAMPs from surgery, specific TLR stimulators 

have different effects on the outcomes of the graft survival. 

 

4.2 LPS decreases the number of DCs found in the epidermal sheets of 

the graft 

Previous work on DC involvement in graft rejection found that at the site of 

the graft, donor DCs rapidly leave while recipient immune cells invade the graft 

[29]. The DAMPs of the surgical procedure activate Langerhans DCs that migrate 

to the LNs to initiate the inflammation process and subsequent graft rejection.  It 

has also been proposed that donor skin DCs may promote acute rejection 

through the direct pathway of antigen presentation [30]. To determine whether 

LPS had an effect on the Langerhans cells and other skin DC present in the  
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graft, we removed and analyzed the epidermal sheets of the skin graft 24h, 48h 

and 72h!post transplantation.  We separated the epidermal sheets and stained 

them for MHC II to identify the Langerhans cells and other DCs present in the 

epidermis and imaged using fluorescent microscopy.  As early as 24 hours after 

transplantation, I found that grafts harvested from mice treated with LPS showed 

a decreased number of MHC Class II positive cells compared to grafts harvested 

from mice treated with PBS or CpGs. I also found a significantly lower number of 

DCs in LPS grafts compared to PBS and CpG grafts at 48 hours post-

transplantation (Figure 4A-B). At 72 hours after transplantation the difference 

between the groups disappeared because the DCs had strongly decreased from 

the grafts of mice treated with PBS and CpGs as well (Figure 4A). At 48 hours 

this disappearance of DCs did not occur in skin of mice injected with PBS, LPS 

or CpGs but not subjected to transplantation. These results indicate that LPS in 

combination with the surgical procedure can quickly reduce the number of 

Langerhans cells and other DCs resident in the epidermis of the grafts and 

suggest that it might either induce a quicker DC migration out of the graft or 

hasten DC activation and subsequent apoptosis. !

 

4.3 LPS decreases DC migration from skin graft 

At the site of the graft, donor DCs rapidly leave while recipient immune cells 

invade the graft [29].  To study the migration of DCs out of the graft toward the 

dLNs, we used the procedure described by Ortner et al. 1995 to determine the 

migration capability of the Langerhans cells and other DCs from the Dermal and  
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Epidermal layers of the graft.  A recent study showed that in vivo, 48h post 

stimulation of DCs with LPS decrease in cell number and increase in 

transcription of apoptosis regulating genes [38]. We chose to examine 

specifically the epidermal sheets because previous work suggested that 

epidermal DCs were the last to leave and easier to examine than Dermal DCs 

which leave the graft more rapidly [29]. For this experiment we used male ear 

skin from B6.SJL (CD45.1 congenic) grafted on to a C57BL/6 (CD45.2) female 

then treated with PBS or LPS at day 0 and 2.  This would give us the ability to 

determine which DCs came from the donor (CD45.1) and which DCs came from 

the recipient (CD45.2). We removed the grafts at 24, 48 and 72 hours.  At 24, 48, 

and 72 hours post transplantation and separated the epidermal sheets from the 

rest of the skin grafts and incubated them in DC media overnight.  We collected 

the cells that had migrated out of the skin explants into the medium and analyzed 

them for DC marker CD11c positivity.  While not significant we found a lower 

number of total DCs migrating out of the grafts collected from LPS treated mice 

compared to the PBS treated mice at 24 hours with a significant difference seen 

at 48 hours post transplantation.  By 72 hours there were few DCs migrating out 

of both the LPS and the PBS suggesting that by 72 hours most of the DCs have 

migrated out of the graft or had been killed by the effects of activation (Figure 5). 

This was also consistent with our findings in the Epidermal Sheet study where at 

24 and 48 hours there were fewer DCs in the grafts from mice treated with LPS 

compared to mice treated with PBS or CpGs, while at 72 hours we found that 

DCs had left the grafts, independently from the treatment the mice had received.  
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When we analyzed the expression of CD45.1 in the CD11c+ population of 

DCs, as a marker of cells of donor origin, we found that there were fewer donor 

DCs among the DCs migrating out of the grafts from LPS treated mice compared 

to PBS treated mice, though the results did not reach statistical significance 

(Figures 6). These results suggest that treatment with LPS in combination with 

the DAMPs induced by the surgical procedure of the transplantation induced 

over-activation and subsequent death of migrating epidermal DCs and the affect 

seemed to be greater on donor DCs than the recipient DCs.  

 

4.4 LPS lowers the number of DCs migrated into the dLNs 

The Brachial and Inguinal LNs on the graft side of the mice are the first places 

to receive immune cells responding to the surgery.  It was important that we 

examined the cells in these LNs 24, 48, and 72 hours post transplantation to 

determine the effects of the combination DAMPS and TLR stimulation on the 

DCs migrated into the LNs and the DCs resident in the LNs draining the 

transplants.  We grafted ear skin from B6.SJL (CD45.1) onto C57BL/6(CD45.2) 

and treated them with PBS or LPS at day 0, 2. We removed the grafts between 

day 1 and day 3 and analyzed the DCs.  Between 24 and 48h we found a lower 

number of migrating immune cells in the LPS treated mice than the PBS controls.  

We found that there was a greater number of donor (CD45.1) cells draining into 

the LNs of the grafted mice treated with PBS than those treated with LPS at 24 

and 48 hours post transplantation though results did not reach statistical 

significant, possibly because the large variation of the responses in vivo and the  
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small number of mice analyzed (5 mice) (Figure 7).  Similarly, LPS treated mice 

had a lower frequency of total DCs in the LNs at 24, 48, and 72 hours post 

transplantation, but results were not significant (Figure 8).   These results varied 

greatly from the non-transplant control mice where LPS actually increased the 

number of DCs found in the dLN (Figure 8).  Mice treated with CpG had a lower 

number of DCs in the brachial LN compared to PBS and LPS treated mice, but a 

higher number of DCs in the Inguinal LN compared to the LPS treated mice. The 

inguinal LN is closer to the site of the transplant than the brachial LN.  These 

results suggest that LPS has more of an effect on DCs local to the graft. 

 

4.5 LPS decreases the number of DCs in Spleen  

Because the mice were being treated using I.P. injection, we aimed to study 

the systemic effects of LPS vs CpGs on the frequency of DCs.  LPS is known to 

activate DCs in vitro [33] and can cause an increase in the transcription of 

apoptosis genes [38]. Published literature and unpublished results from 

Gallucci’s lab indicate that mice injected i.v. with LPS had a lower number of DCs 

in the spleen than control mice [37].   This effect was seen in the spleen of mice 

without the extra DAMP stimulation from the graft procedure.   We analyzed the 

spleens of the grafted mice at 24, 48, and 72 hours post transplantation and 

determine the percentage of DCs using CD11c positivity as a lineage marker. As 

control, we analyzed the splenic DCs in mice that were not grafted, but treated 

with LPS and found that they had a lower number of DCs than CpG and PBS-

treated mice 48 and 72 hours after treatment, confirming the reported literature  
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that LPS reduces DC numbers in the spleen. When we analyzed mice that 

received the skin graft and also were treated with TLR stimuli, as described 

above, we found that LPS treated mice had a statistically significant lower 

frequency of DCs in the spleen starting since 24 hours post-transplantation and 

TLR treatment, and the number of DCs remained statistically significant lower 48 

and 72 hours post transplantation (Figure 9).  Mice treated with CpG had a 

slightly higher number of DCs in the spleen at 48 and 72 hours post 

transplantation. These results suggest that LPS induces in the splenic DCs 

activation and cell death while CpG may have the effect of activating DC 

migration without the added effect of causing apoptosis. 
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CHAPTER 5 

DISCUSSION 

 

To study the interactions of DAMPs and PAMPs in DC activation in vivo, we 

developed a skin graft model that would take advantage of the minor 

histocompatibility difference found in male and female mice caused by the male 

H-Y antigen.  We found that treatment with LPS post transplantation caused a 

delay in rejection to an average of 60 days, and half of the LPS-treated mice did 

not reject the graft at all, while treatment with CpG caused acceleration of graft 

rejection. Since skin graft rejection is stimulated by DCs, we studied these cells 

to understand their role in the LPS-induced suppression of graft rejection. 

 We hypothesized that the combination of DAMPs from the surgical procedure 

and the PAMP LPS, was causing overwhelming activation leading to DC death or 

paralysis, thus delaying rejection or inducing tolerance. LPS is recognized by 

TLR-4 on DCs and signals through MyD88, a key intracellular TLR signal 

adaptor.  After transplantation, MyD88 induces DC maturation, the production of 

pro-inflammatory cytokines and initiation of an efficient Ag presentation followed 

by T cell priming, which lead to graft rejection [49].  LPS should accelerate graft 

rejection based on its signaling through MyD88 and induction of pro-inflammatory 

cytokines, but this was not the case. Zanoni et al. 2009  found that while LPS 

does activate the MyD88 pro-inflammatory signaling pathway, it also activates 

NFAT in a TLR-4 independent manner.  This activation is dependent exclusively 

on CD14 and  was shown to cause the apoptotic death in DCs.  This effect is 
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only found in mature terminally differentiated DCs [38]. We speculate that the 

DAMPs caused by the graft procedure lead to DC activation through the MyD88 

signaling pathway.  Once we add LPS, these mature DCs go into apoptosis 

through the activation of NFAT via CD14.  This would mean that LPS is killing the 

DCs before they have time to properly activate the immune response and cause 

graft rejection. 

  In contrast, CpG, another TLR ligand had the effect of hastening the graft 

rejection, between 19 and 31 days post transplantation similar to previous 

studies [48]. These results lead us to hypothesize that the stimulation of TLRs by 

different PAMPs in DCs has different effects.  While CpGs lead to activation of 

DCs they do not lead to subsequent cell death in the same way LPS does.  At a 

molecular level, these results can be explained by the fact that CpGs do activate 

MyD88 while no research has shown that CpGs have the ability to activate NFAT 

in DCs and therefore induce DC death. These conclusions therefore reaffirm that 

LPS specifically is needed for this type of transplant tolerance. 

The induction of graft acceptance by LPS, and not by CpGs, may have 

alternative explanations to our hypothesis that LPS killed DCs. Indeed, we could 

hypothesize that DAMPs and LPS overwhelm DC functions and inhibit DC ability 

to migrate to the draining lymph nodes to present to T cells. 

To study whether LPS is having an effect on the migratory abilities of the 

donor Langerhans DCs in the graft, we took epidermal sheets and stained for 

MHC class II positivity to determine the presence of Langerhans cells and other 

resident DCs in the tissue as previously described by Holzmann et al. 2004 [50].  
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DCs are the only MHC II positive cells in skin at the epidermal layer and has 

been used to identify DCs in previous work.   If LPS was inhibiting migration then 

we would expect to see more DCs in the LPS treated grafts than the other 

controls.  On average, there was a lower amount of DCs in the Epidermal sheets 

from mice treated with LPS than mice treated with CpG or PBS.  This difference 

was most apparent at 48 hours post transplantation, which supports our finding 

that LPS lowers the number of DCs found in vivo and it is consistent with the 

findings of Zanoni et al. 2009.  These finding suggest that LPS does not slow 

migration, but instead is killing the epidermal DCs in the graft.   CPG treated 

grafts had similar numbers of DCs than PBS at 24 and 48 hours but a lower 

number of DCs at 72 hours than PBS treated grafts.  This suggests that CpG 

may have activated the migration process of the DCs faster than the DAMPs 

from surgery do in PBS-treated mice. This may help to explain our findings that 

CpG treated mice rejected faster than PBS treated mice in our long-term graft 

study.  Future studies could explore exposing the graft to LPS before 

transplantation to determine if the combination of LPS and surgery on only the 

Donor DCs would have the same effect.   

We observed that in different sets of mice transplanted in different days, there 

was variability in the number of DCs in the grafts that was independent of the 

treatment (data not shown). We have also observed variabilities in the 

vascularization of the graft at the time of removal.  These differences were minor 

and only seen at 72 hours but they may play a role in graft survival long-term.  

Greater vascularization may have an effect on Langerhans cells and other 
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epidermal DC mobilization out of the graft and also the concentration of 

treatment that made it to the DCs in the epidermal sheet.  While little work has 

been done on the effect of vascularization in skin grafts, a study comparing 

cardiac and skin allografts found that the immediate vascularization of cardiac 

allografts had an effect on the immunodominance of Ags compared to the non-

immediate vascularization of skin allografts [51].  These immune responses were 

not dependent on DC Ag presentation.  More work is needed to determine 

whether the speed of vascularization has an effect on DC migration and 

subsequent tolerance of skin grafts.   

While the inhibition of DAMPs as a group has not been explored in allograft 

rejection, HMGB1 released during tissue damage has been studied as potential 

target of inhibitory drugs to improve allograft outcomes. HMGB1 has been shown 

to be an early mediator in the inflammatory response by stimulating DCs to 

produce IL-6 and activating IL-17 producing allo-reactive T cells [52].  Blockage 

of HMGB1 did prolong graft survival, but did not result in acceptance of the graft 

[53]. Which is why blocking HMGB1 alone may not be enough to completely 

prevent graft rejection.  The depletion of DCs may prove to be a more effective 

measure of inducing graft tolerance as suggested by our results. 

The findings of a lower number of both DCs and donor immune cells 

migrating out of the LPS treated grafts support our initial hypothesis that LPS is 

killing DCs.  When combined with the results of the LPS-induced decrease of 

Langerhans cells and other DCs in the epidermal sheet, these data do not 

support a role for LPS in the prevention of DCs from migrating to the Lymphoid 
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organs and presenting antigen properly.  Because we did find a decrease in the 

overall number of donor immune cells in grafts from LPS treated mice, it may 

suggest that LPS is also killing other immune cells in addition to DCs which may 

contribute to transplant tolerance.  Future studies could use CD11c-DTR mice in 

the same transplantation procedure to study the effect of the specific depletion of 

DCs on the outcome of graft survival. 

We also examined the number of DCs draining into the graft side brachial and 

inguinal LNs 24, 48, and 72 hours post transplantation.  Here we found that at 48 

and 72 hours there was a lower number of DCs in the LNs from mice treated with 

LPS compared to mice treated with PBS and CpG.  These results indicate that 

less professional Ag-presenting cells are available in the lymph node where the 

Ags coming from the grafts have drained, to stimulate T cell priming and the 

initiation of graft rejection. These same results, and the results from the lower 

number of DCs in LPS treated mice in the epidermal sheet experiment, support 

our initial claim that LPS is killing DCs.  This is consistent with the findings of 

Zanoni et al. 2009, which showed that LPS caused DC apoptosis in vivo. In 

future works, it will be important to explore DC cell death in vivo, either by 

staining at 12-18 hours for caspase activation or treating LPS-treated mice with 

pan-caspase inhibitors, such as Z_VAD.  This will test if blocking DC death we 

can block its tolerogenic effects. We could not conclude why CpG treatment had 

a greater effect on DCs in the Brachial LN compared to the Inguinal LN, but the 

discrepancy may be due to the localization of the graft: it is possible that the 
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Inguinal LN drains closer to the area of the mouse that initially has a higher 

concentration of DAMPs and thus more activated Myeloid DCs.   

Additionally, we measured the amount of DCs in the dLNs of non-graft mice 

and found that mice treated with LPS had a higher number of DCs in the LNs 

than mice treated with PBS.  We also found that there was not a decrease in the 

number of Langerhans DCs in the ear skin of mice that were treated with LPS, 

but not transplanted.  This supports our idea that the PAMP (LPS) alone was not 

enough to cause DC death in the skin. 

Finally, because our injections of PAMPs were done i.p. and not locally at the 

graft, we wanted to examine the systemic effects of our treatments on the 

spleens of the grafted mice.  We found a lower number of DCs in the spleens of 

transplanted mice treated with LPS compared to PBS treated mice as soon as 24 

hours after transplantation, suggesting that LPS is quickly killing DCs. Non-graft 

LPS treated mice showed a lower number of splenic DCs at 48 and 72 hours but 

not at 24 hours compared to PBS treated mice.  These findings are consistent 

with De Smedt et al 1996 and 1998 who found that LPS decreased the number 

of DCs in the spleen in vivo 48 hours after stimulation. These results suggest that 

splenic DCs and epidermal DCs have different susceptibilities to the systemic 

injection of LPS. Indeed, while we did see a reduction in the number of splenic 

DCs in the LPS non-grafted mice, this did not happen in the DCs in the skin since 

in our epidermal sheet experiment, control LPS ears did not show a reduction in 

the number of DCs, suggesting that while LPS did have a local effect on DCs in 

and around the spleen, without the DAMPs of surgery and the resulting 
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inflammation, the systemic LPS circulating through the mouse could not reach 

the DCs in the epidermis. Future studies could test whether these results are due 

to mere differences in concentrations of LPS reaching the two organs, or are due 

to different sensitivities to LPS-induced cells death of the DCs from the epidermis 

vs the spleen.   

There was less of a difference in the number of DCs found in CpG treated 

spleens between 24, 48 and 72 hours suggesting that specifically LPS and the 

DAMPs of surgery work synergistically together to cause DC death.  CpG did not 

have the same effect supporting the conclusions drawn from the results of the 

epidermal sheets and dLNs that CpGs does not induce DC death.  

The comparison between the effects of LPS, locally at the grafts and the 

draining LNs level, and systemically at the level of the spleen, suggest that the 

DCs present in the skin and in the LNs are more resistant to the effects of LPS 

than the DCs present in the spleen, and require the contribution of the DAMPs to 

become fully susceptible. Indeed, while the decrease in CD45.1 cell numbers in 

the dLNs with LPS is clear, the total DCs did not decrease like they did in the 

spleen.  This may be due to the fact that LPS has an effect on other immune 

cells coming from the graft.  With less cells coming out of the graft, there would 

be less Donor cells to activate an immune response. Future experiments will 

determine the susceptibilities of specific subpopulations of immune cells to the 

stimulatory-lethal effects of the combination of PAMPs and DAMPs. 
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Conclusion 

 

Langerhans cells and other DCs resident in the skin are activated in response 

to DAMPs and migrate to the dLN to activate the immune response.  These cells 

are major players in graft rejection as donor DCs directly presenting their own 

MHC as antigen to the LN, and indirectly as host DCs responding to the tissue 

damage created by the surgery [30]. Developing an immunosuppressive protocol 

to inhibit the response of the DCs from the graft to DAMPs may lead to better 

transplant treatments.  In this study, we found that PAMPs and DAMPs work 

synergistically to cause either graft rejection or tolerance.  Emerging research is 

shining light on the importance of understanding how various DAMPs work 

together during and after surgery to cause graft rejection.  While most peri-

operative treatments focus on eliminating T Cells using treatments such as 

Campath or anti-Thy.2 Antibody treatment, our results suggest that it may be 

beneficial to develop a protocol that could selectively target DCs within the first 

few days of transplantation.  Conditioning the recipient by depleting DCs together 

with or rather than T cells would be beneficial and it may decrease the necessity 

for heavy life-long immunosuppression. Understanding how LPS, unlike other 

PAMPs, leads to DC and other immune cell death is important in finding a way to 

target DCs for elimination or inactivation.  An immunosuppressive drug that could 

target specifically DCs could better prevent rejection without the side effect of 

destroying the secondary immune response by depleting all T cells.  This would 
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leave memory T cells to fight of future infections that the body has already been 

exposed to. 

 

Future Directions 

 

This research has helped to elucidate the importance of DCs in transplant 

rejection.  The next steps would include the investigation of the mechanisms 

underlying the role of dendritic cells in the LPS-induced inhibition of transplant 

rejection. First, I would determine whether the LPS-induced disappearance of 

DCs in the graft is due to apoptosis by co-staining the epidermis of the grafts for 

MHC Class II and apoptotic mediators such as caspase 3. Furthermore, I would 

determine the sufficiency of DC death in LPS-induced inhibition of transplant 

rejection by eliminating them using a CD11c-DTR mouse model as donor and/or 

recipient of the grafts.  In this way, DCs could be killed in either the donor or 

recipient mouse or both.  This would help us to determine which DC death can 

inhibit graft rejection.  To better understand the role of Donor DCs in transplant 

rejection, donor grafts can be incubated in LPS before being transplanted onto 

the recipient to see if over-activation of specifically donor DCs can inhibit graft 

rejection.  Finally, CD11c-GFP transgenic mice could be used to track and better 

understand the role of donor DCs in LPS induced inhibition of transplant 

rejection. 
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