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ABSTRACT

USE OF INTEGRIN BLOCKADE TO INHIBIT CD8" T CELLS IN SOLID
ORGAN TRANSPLANTATION

By: Divya Haridas

Although calcineurin-based inhibitors have come a long way in inhibiting organ
rejection, the associated toxicities have led to the continued quest for better
immunosuppressants. Two potential candidates are belatacept and efalizumab. Belatacept
is a costimulation blocker that has been shown to have higher acute rejection rates in
kidney transplant patients compared to traditional calcineurin inhibitors. Here we
hypothesize and show that belatacept had no effect on the cytokine production of
memory CD8" T cells. Efalizumab binds the integrin LFA-1 and blocks the LFA-1-
ICAM-1 interaction crucial for T cell activation and trafficking. We show here that
efalizumab was effective in inhibiting alloreactive memory CD8 T cell responses. We
also found that graft-elicited CD8" T cells were inhibited by anti-LFA-1 but not
pathogen-elicited T cells. Thus, the susceptibility of T cells to different
immunosuppressants is different based on their priming conditions and this warrants

further investigation.
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USE OF INTEGRIN BLOCKADE TO INHIBIT CD8" T CELLS IN SOLID
ORGAN TRANSPLANTATION

Introduction

The history of transplantation can be traced back to 1908 though the writings of
Alexis Carrel who attempted to understand the physiological and pathological character
of the functions of transplanted kidneys (1). He went on to develop a technique that
connected blood vessels. In the 1940s, Peter Medawar performed groundbreaking work
in the field of immune tolerance. He was a physician who observed that burn victims
from World War II were rejecting donor skin and began using experimental skin
transplants on animals to understand rejection. In his research article he showed that
exposure of animals to foreign antigens before the animals have fully developed their
immunological responses leads to tolerance rather than a heightened resistance (2). Dr.
Joseph Murray performed the first successful solid organ transplant in 1954 when he
transplanted a kidney from one identical twin to the other (3). Although worldwide, the
kidney is the most transplanted organ, other organs like the heart, liver, pancreas, lungs,
intestine and thymus can also be transplanted. Tissues like skin and cornea are also

transplanted.

One of the major problems in transplantation is immune-mediated transplant
rejection. During transplant rejection, the body rejects the transplanted organ from the
donor as “foreign” and mounts an immune response against the transplanted organ. This

leads to organ rejection.

Types of Graft Rejection

There are 3 types of rejection —hyper-acute, acute and chronic rejection (4).
Pre-formed antibodies in the recipient that are specific against donor tissue cause hyper-
acute rejection. These antibodies called “allo-antibodies” can be found in unsensitized
individuals but can also be formed in the recipient through various ways including blood

transfusions and pregnancy. Often these allo-antibodies can reject the organ in a few



days. In acute rejection, the transplant appears successful at first but after a few days, the
organ begins to show the first symptoms of rejection. If not treated with proper
immunosuppression (5), the organ will lose functionality over time and will be rejected.
The immune cells involved are both B and T cells. In the third type of rejection known as
chronic rejection, organ rejection occurs over a long period of time and results in the
deterioration of the organ and loss of function. Immunosuppression is now used to

prevent organ rejection (5).

History of Immunosuppression

The introduction of calcineurin-based immunosuppressive drugs reduced graft
rejection and enhanced engraftment (5). Other drugs were discovered over the years.
Azathioprine and corticosteroids were shown to have synergistic effects in renal
transplant patients in the 1960s (6). The discovery of cyclosporine by researchers at
Sandoz Ltd at Bazel, Switzerland marked the beginning of the modern
immunosuppression era. Cyclosporine works by engaging cyclophilin and thereby
disrupting the activation of calcineurin. By 1996, around 200,000 patients were relying
on it to prevent organ rejection (7). In the 1980s, clinical trials were started to study the
effects of monoclonal antibodies against T cells and in 1987, the anti-CD3 monoclonal
antibody Orthoclone OKT-3 was approved by the Food and Drug Administration (8).
Immunosuppressive drugs work either by depleting or diverting the T and B lymphocytes
involved in rejection or by blocking the signal response pathways. The drugs used so far

in the clinics have had serious side effects.

Important Immunosuppressive Drugs and Their Side Effects

In spite of development of a large number of immunosuppressants, the associated
toxicities of these drugs lead to a continued quest to develop better drugs. A number of
important immunosuppressive drugs and their side effects are listed below (5)-

(a) Cyclosporine-The main side effect of this drug is nephrotoxicity, hypertension,

hirsutism, post-transplantation diabetes mellitus and hyperlipidemia (9).



(b) Tacrolimus-This macrolide antibiotic binds to FKBP12 and inhibits T cell activation
by binding to calcineurin phosphatase. The toxic side effects are similar to
cyclosporine but with lower incidence of hypertension (10).

(c) Azathioprine-This drug inhibits purine synthesis and the side effects include delayed
wound healing, pneumonitis and interstitial lung disease (11).

(d) Rituxumab-This chimeric monoclonal antibody binds to CD20 on B cells and
mediates lysis. Its side effects are mainly sensitivity (12).

(e) Steroids- Transplant patients are needed to take steroids such as prednisone as part of
the immunosuppressive regimen to prevent rejection. There are a number of side
effects related to steroids including hypertension, diabetes, cholesterol, etc (13).

(f) Rapamycin- This drug was first discovered from soil samples in Easter Island. It
blocks the mammalian target of rapamycin (mTOR) pathway. Impaired wound
healing, pneumonitis and aphthous ulcer formation are some of the disadvantages of

this immunosuppressant (14).

The side effects associated with the drugs listed above reveal a clear need for better
immunosuppressive drugs. Traditionally, there are three “signals” required to activate
naive T cells (15), and each of these could serve as a possible target for
immunosuppression. The first signal is the direct interaction of the T cell receptor with
the peptide-MHC on the antigen-presenting cell (APC) (15). The downstream signaling
cascade associated with this binding is a target for immunosuppressants. The second is
the costimulation necessary to activate T cells, which is the binding of the CD28 on the T
cell with the B7.1 and B7.2 on the APC (15). And finally, the third signal required for
naive T cell activation is the cytokines secreted by innate immune cells that help in the

activation of T cells (16).

Development and efficacy of Belatacept

Scientists at Bristol-Myer Squibb in collaboration with scientists at Emory

Transplant Center and several other centers across the US have developed a new

immunosuppressant drug named belatacept which binds the B7 on the APCs and prevents



them from delivering costimulation to the T cells, thus preventing T cell activation (17).
Recently, the five-year safety trial of belatacept was published which found that
belatacept was associated with lower nephrotoxicity than traditional calcineurin inhibitors
but had higher acute rejection rates in the first year compared to traditional calcineurin
inhibitors (18). We hypothesized that this rejection may be mediated by alloreactive
memory CDS8" T cells, which are known to have lower requirements for costimulation
compared to naive T cells. Adult humans have about ~50% memory T cells and this is a
potential cause of mediating acute rejection (19). One potential candidate to inhibit
alloreactive memory CD8" T cells is efalizumab. Efalizumab (trade name Raptiva) is a
monoclonal antibody that binds to the CD11a portion of lymphocyte function-associated
antigen-1 (LFA-1) in humans (20) . LFA-1 is an integrin found on T cells, B cells,
macrophages and neutrophils and helps in the activation and trafficking of immune cells
through the high endothelial venules (HEV) from the bloodstream into tissues (20). LFA-
1 binds to inter-cellular adhesion molecule-1 (ICAM-1) found on endothelial and other
immune cells like dendritic cells (DCs). The LFA-1 and ICAM-1 interaction is an
important part of the peripheral supramolecular activation cluster (p-SMAC) found in
immunological synapses that activate T cells (21). LFA-1 and ICAM-1 interactions are
also responsible for the trafficking of T cells into tissues (22). Efalizumab was initially
developed as a treatment for psoriasis, an autoimmune disease in which faulty signals by
the body’s immune cells speeds up the growth of skin cells (23). Efalizumab is a
recombinant, humanized, monoclonal IgG1 antibody and by targeting the initial
activation and trafficking of lymphocytes, alleviates the pathogenesis of psoriasis.
Efalizumab was approved by the Food and Drug Administration (FDA) in November
2003 and by the European Medicines Evaluation Agency in September 2004 for the
treatment of patients with moderate to severe cases of psoriasis. After greater than three
years on efalizumab, three patients developed progressive multifocal
leukoencephalopathy which led to the drug being voluntarily withdrawn from the market
(24).

Progressive multifocal leukoencephalopathy (PML) is a disease characterized by
the reactivation of the JC virus (20). JC virus is a polyoma virus that is found in about

70% of the healthy, adult population (25). It is a persistent infection that is kept under



check by a healthy immune system. Under conditions of immunosuppression (such as
HIV infection, pregnancy or during immunosuppression following transplantation),
uncontrolled reactivation of JC virus can lead to axonal demyelination of the brain. This
is progressive, untreatable and eventually fatal (26). Newer drugs like efalizumab,
rituximab and natalizumab seem to carry a higher risk of reactivating the JC virus to
cause PML in patients. However, efalizumab has not been tried as a transplant
immunosuppressant. We now propose that a therapeutic window for LFA-1 blockade
may exist, wherein we can inhibit graft-elicited T cell responses but not pathogen-elicited
T cell responses.

In a small pilot study at the Emory Transplant Center, efalizumab was used as an
immunosuppressant on four patients post-islet transplantation. All four patients were
insulin-independent for nine months post transplantation (27). Unfortunately, these
patients had to be taken off efalizumab because efalizumab had been withdrawn from the
market voluntarily by Genentech after 3 out of 46,000 patients on efalizumab for
psoriasis treatment developed progressive multifocal leukoencephalopathy (PML) (24).
In a similar pilot study at the Transplant Surgery Center at the University of California in
San Francisco, eight patients with type I diabetes received allogeneic islet transplants and
were treated with efalizumab and sirolimus or mycophenolate (28). All eight patients
were insulin independent and had no further hypoglycemic events. Efalizumab was well
tolerated and no serious adverse events were reported (28) but the long-term follow-up
was limited by the discontinuation of efalizumab from the market (24).

There is a need to further understand why LFA-1 antagonism inhibits graft-specific T cell
responses 100% of the time but JC-virus specific responses only ~0.005% of the time.
We believe that understanding this difference may lead us to a therapeutic window
wherein we can inhibit graft-specific T cell responses while maintaining some pathogen-

specific protective immunity.



METHODS:

In vitro Allostimulation Assay

Different pairs of human responders and stimulators were drawn for blood after informed
consent in accordance to IRB protocols. PBMCs were obtained after Ficoll-Paque
gradient centrifugation. Stimulators were irradiated and the responders and stimulators
were plated together in a 1:1 ratio (~10° total cells/well) in a 96 well plate. The cells were
left untreated or treated with belatacept at 100 ug/ml (from Bristol-Myer Squibb), anti-
LFA-1 (TS-1) at 250 ug/ml (from BioXcell) or both and the cells were incubated for 6
hours in a 37°C incubator with 5% carbon dioxide.

Intracellular cytokine staining for the production of [IFNg and TNF was assessed via flow.
Cells were divided into naive, effector memory, central memory and Tgymra subsets based
on the expression of CD45RA and CD197 (CCR7). Memory cells were gated as
CD45RA negative and CD197 high (central memory) or CD197 low (effector memory).

Adoptive Transfers and LM-OVA infections

Two groups of naive B6 mice were adoptively transferred with 10® OT-I T cells given
through i.v. injections. One group of mice was grafted with mOVA skin grafts (~ 1 cm *
1 cm in area) from the ears and tail skin of mOV A mice that express OV A ubiquitously
(29) and the other group was given i.p. injections of Listeria Monocytogenes-OVA
infection (10" cfu/mouse). Anti-murine LFA-1 (M17/4, BioXCell, West Lebanon, NJ)
was given to the appropriate groups through i.p. injections on days 0, 2, 4 and 6 at 250

ug/mouse. After 10 days, the mice were sacrificed and splenocytes were obtained.

Intra-Cellular Cytokine Staining

Intra-cellular cytokine stimulation was performed for 5 hours with SIINFEKL peptide at
1nM concentration and Golgi Plug at 10ug/ml. 2 X10° cells were plated out per well and
after 4 hours, surface and cytokine staining was performed and the cells were run on a

LSR machine to gauge both surface molecule expression and cytokine production.



RESULTS:

Anti-LFA-1 inhibits IFNy release in human alloreactive memory CD8" T cells unlike
Belatacept

In order to assess the impact of CD28 and LFA-1 blockade on cytokine secretion by allo-
reactive memory T cells in response to allostimulation, we isolated PBMC from normal
healthy donors. Donors were MHC typed for at least two HLA I and HLA II mismatches
and the PBMCs obtained were used to perform an in vitro allostimulation assay. Briefly,
the responder and stimulator cells were either left untreated or were treated with
belatacept and/or anti-LFA-1 for 6 hours and the cytokine production was assessed using
intra-cellular surface staining (ICCS). We gated on CD8" T cells alloreactive memory T
cells using CD45RA and CD197 expression. Memory T cells are CD45RA negative
cells. After gating on the alloreactive memory CD8" T cells, we found that anti-LFA-1
(TS-1) inhibited IFNy production (p<0.03) but not TNF production. Belatacept however,
did not inhibit IFNy or TNF production. A combination of anti-LFA-1 and belatacept also

was effective in inhibiting the IFNy production in these cells (Figure 1).

LFA-1 blockade inhibits graft-elicited CD8" T cells but not LM-OVA elicited CD8" T
cells

We hypothesized that there may be a difference in the susceptibility of T cells to LFA-1
blockade based on whether they were primed by a graft vs. a pathogen. In order to test
this we primed OT-I T cells (which are a CD8" TCR transgenic T cells specific for
chicken ovalbumin) either with a skin graft (29) or with a pathogen (30) (both engineered
to express the ovalbumin antigen recognized by OT-I cells) and studied the susceptibility
of both these T cells to LFA-1 blockade. Briefly, we adoptively transferred 10° OT-I T
cells into naive, C57BL/6 mice. Two days after the transfer, the mice were grafted with a
mOVA skin graft (which ubiquitously expresses membrane-bound ovalbumin) (29) or
given LM-OVA infection (a genetically-engineered Listeria monocytogenes bacteria
which expresses ovalbumin) (30). They were either left untreated or administered anti-
LFA-1 on days 0, 2, 4 and 6. The mice were sacrificed on day 10 and the spleen, lymph
nodes and blood were collected. We found that the LFA-1 blockade inhibits the OT-1 T



cells in the skin graft-elicited T cells (Figure 2), an inhibition that was also evident in the
decrease in absolute numbers of OT-I T cells in the spleen on day 10 (Figure 3). In stark
contrast, we found that anti-LFA-1 treatment did not inhibit the expansion of OT-I T cells
after pathogen infection with LM-OVA (Figures 4 and 5).

Pathogen-elicited CD8" T cells exhibit higher expression of LFA-1 than graft-elicited
CD8" T cells

In order to further explore the differential effects of LFA-1 blockade on graft versus
pathogen-elicited responses, we endeavored to determine if there were any fundamental
differences in the LFA-1 expression between pathogen-elicited and graft-elicited CD8" T
cells. In order to do so, we adoptively transferred OT-1 T cells into B6 mice. The B6
mice were divided into two groups: one group received skin graft from mOVA mice
while the other group was infected with LM-OVA. The mice were then sacrificed on day
10 and splenocytes obtained. We found that the pathogen-elicited CD8" T-cells exhibited
higher LFA-1 expression than the SG-OVA —elicited CD8" T cells (Figure 6). Another
difference we observed was that the LM-OVA elicited CD8" T cells produced more IFNy
and TNF than the graft-elicited T-cells. Specifically, while the pathogen-elicited T-cells
were mostly double producers of IFNy and TNF, the graft-elicited T-cells were both
single and double producers of IFNy and TNF (Figure 7).

LFA-1 is equivalently blocked in both LM-OVA-elicited and graft-elicited CD8" T cells
We then asked whether this difference in LFA-1 expression might be the reason that
efalizumab was able to inhibit graft-elicited CD8" T cells and not pathogen-elicited CD8"
T cells. The higher expression of LFA-1 on the LM-OVA elicited CD8" T cells may have
led to an incomplete blockade by anti-LFA-1, thus preventing the inhibition of LM-OVA
elicited T cells in the infection model. In order to determine if the anti-LFA-1 was
completely blocking the LFA-1 expression on both LM-OVA elicited and graft-elicited
OT-I T cells, we compared the MFIs of LFA-1 in both groups and found that the LFA-1
was equivalently blocked in both groups (Figures 8 and 9). Thus, the incomplete
inhibition of pathogen-elicited T cell responses by LFA-1 blockade cannot be fully



attributed in differences in LFA-1 surface expression between graft-elicited and

pathogen-elicited T cells.

The mechanisms underlying the differential susceptibility of graft- vs. pathogen-elicited
T cells to LFA-1 blockade are currently unknown, and this remains an important area of
future investigation. However, it is interesting to speculate that this fundamental
difference between pathogen-elicited and graft-elicited T cells may give us a “therapeutic
window” wherein we can inhibit graft-elicited T cells while preserving some of the

pathogen-elicited T cells, thus preserving protective immunity in transplant recipients.
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DISCUSSION:

The fundamental differences between pathogen-elicited and graft-elicited CD8" T cells
suggest that there may be a “therapeutic window” wherein protective immunity in the
patient can be maintained while graft-rejection could be prevented. Efalizumab is a
possible transplant immunosuppressant as it binds to the CD11a subunit of LFA-1 and
prevents T cell activation and trafficking. Here we have shown unlike belatacept (a CD28
antagonist that will likely soon be FDA-approved for use in clinical transplantation), anti-
LFA-1 was effective in inhibiting the cytokine responses of human alloreactive memory
CD8+ T cells. Importantly, pilot clinical trials of efalizumab in transplantation were
highly encouraging. For example, efalizumab successfully prolonged the survival of islet
transplants in 4 patients, all of whom were insulin-free for the duration of the trial and all
of whom experienced minimal side effects compared to a control group treated with
conventional immunosuppressants (27). Unfortunately, 3 out of 46,000 patients who
were being treated for psoriasis developed PML and the transplant patients had to be
taken off of efalizumab (24). This early clinical experience highlights the critical need to
describe the impact of LFA-1 blockade on graft-elicited versus pathogen-elicited T cell

responses.

Our hypothesis was that graft and pathogen-elicited T cells are differentially susceptible
to anti-LFA-1 blockade. In order to clarify the unique differences between these T cell
populations, we employed an OT-I based experimental system, in which the epitope
recognized by the T cells on both the mOVA skin grafts and the LM-OV A pathogen
infection were identical, thereby enabling us to focus exclusively on the impact of antigen
context on LFA-1 susceptibility. T cells that were primed in the presence of a graft were
inhibited in the presence of anti-LFA-1 whereas T cells primed in the presence of a

bacterial pathogen were not inhibited.

We thus found that anti-LFA-1 has differential effects on T cells based on the priming
conditions of the T cells. To determine the mechanisms that underpin this differential
susceptibility, we first focused on differences in LFA-1 surface expression between these

different subsets of primed OT-I T cells. We found that LFA-1 is expressed more on
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pathogen-primed T cells as compared to graft-primed T cells. Considering this
differential LFA-1 surface expression, we hypothesized that efalizumab may not have
succeeded in completely blocking all the LFA-1 on the pathogen-elicited T cells,
resulting in incomplete inhibition of the pathogen-elicited T cell responses. However,
further experiments demonstrated that the mean fluorescent intensity (MFI) of LFA-1 in
the animals treated with anti-LFA-1 was equivalent regardless of whether the animal had
received an mOVA skin graft or an LM-OVA infection, thereby suggesting that LFA-1
on both the graft and pathogen-elicited T cells had been equivalently blocked. One
possibility to explain the differences that we have observed between the LM-OVA
elicited T cells and the graft-elicited T cells is the difference in the strength of the ligand-
T cell receptor binding (31). However, this is not the case in these experiments as the
mOVA skin graft and LM-OVA pathogen both present the same epitope (SIINFEKL) to
a monoclonal population of T cells (OT-I) thereby removing this variability. We
speculate that antigen persistence may also play a role. In the context of the Listeria
monocytogenes infection, the antigen persists for approximately 5 days while in the
setting of an allograft, antigen is continuously being processed and presented until full
rejection (32). Also, while the LM-OVA is a systemic infection, the SG-OVA is a
localized inflammation. Lastly, pathogens like LM-OVA trigger Toll like Receptors
(TLRs) while the skin graft is not known to trigger any TLRs. Listeria monocytogenes is
an intracellular gram-positive bacterium that is known to trigger to TLR 2 (33) and TLR
4 (34). Since this bacterium is an intracellular bacterium it also triggers TLR 9 in the
endosome (35). The activated TLRs deliver signals to adaptor molecules like MyDS88,
TRIF and TRAM which act as important messengers to activate downstream kinases
(IKK complex) and transcription factors like NFkB and AP-1 which produce effector
molecules including cytokines, chemokines and inflammatory enzymes (36). In this way,
the cytokine milieu generated by the pathogen may be considerably different than the
allograft and this influences the priming conditions of the T cell. Thus, there are
fundamental differences in the priming of CD8" T cells that warrant further studying, in

order to understand the effects of different drugs on T cells.
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FIGURES

Fig. 1. Anti-LFA-1 unlike belatacept inhibits IFNy release in human alloreactive
memory CD8+ T cells

Human PBMCs were obtained from responders and stimulators. Irradiated stimulators
were plated with responders and either left untreated or treated with belatacept and/or
anti-LFA-1 (TS-1). Intracellular cytokine staining was performed and the production of

IFNy and TNF was assessed in the CD45RA negative CD8" T cell memory subset.
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Fig. 2. Anti-LFA-1 inhibited graft-elicited CD8" T cells

Two groups of naive B6 mice were adoptively transferred with OT-1 T cells. One group
was grafted with mOVA skin grafts and the other group was injected with LM-OVA.
Both groups of mice were treated with anti-LFA-1. On day 10, splenocytes were obtained
and the frequency of OT-I T cells was determined. Anti-LFA-1 inhibited the mOVA
graft-elicited CD8" T cells.
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Fig. 3. Anti-LFA-1 reduced the absolute number of graft-elicited CD8" T cells

Two groups of naive B6 mice were adoptively transferred with OT-1 T cells. One group
was grafted with mOVA skin grafts and the other group was injected with LM-OVA.
Both groups of mice were treated with anti-LFA-1. On day 10, splenocytes were obtained
and the absolute numbers of OT-I T cells were determined. Anti-LFA-1 inhibited the
absolute number of graft-elicited CD8" T cells.
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Fig. 4. Anti-LFA-1 did not inhibit LM-OVA elicited CD8" T cells

Two groups of naive B6 mice were adoptively transferred with OT-I T cells. One group
was grafted with mOVA skin grafts and the other group was injected with LM-OVA.
Both groups of mice were treated with anti-LFA-1. On day 10, splenocytes were obtained
and the frequency of OT-I T cells was determined. Anti-LFA-1 did not inhibit the
frequency of LM-OVA elicited CD8" T cells.

LM-OVA Anti-
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Fig. 5. Anti-LFA-1 did not reduce the absolute number of LM-OVA elicited CD8" T
cells

Two groups of naive B6 mice were adoptively transferred with OT-1 T cells. One group
was grafted with mOVA skin grafts and the other group was injected with LM-OVA.
Both groups of mice were treated with anti-LFA-1. On day 10, splenocytes were obtained

and the absolute number of OT-I T cells was determined.
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Fig. 6. LM-OVA elicited CD8+ T cells had higher LFA-1 expression than graft-
elicited CD8" T cells

Two groups of naive B6 mice were adoptively transferred with OT-I T cells. One group
was grafted with mOVA skin grafts and the other group was injected with LM-OVA. On
day 10, splenocytes were obtained and the expression of LFA-1 was determined on OT-I

T cells.
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Fig. 7. LM-OVA elicited CD8+ T cells were mostly double-producers of IFNy and
TNF whereas SG-OVA elicited CD8+ T cells were both single and double-producers
Two groups of naive B6 mice were adoptively transferred with OT-I T cells. One group
was grafted with mOVA skin grafts and the other group was injected with LM-OVA. On

day 10, splenocytes were obtained and production of IFNy and TNF was assessed via

ICCS.
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Fig. 8. LFA-1 was blocked in both LM-OVA elicited and SG-OVA elicited CD8" T
cells in the LFA-1 blockade groups compared to the untreated groups

Four groups of naive B6 mice were adoptively transferred with OT-1 T cells. Two groups
were grafted with mOVA skin grafts and the other two groups were injected with LM-
OVA. Among the two skin graft groups, one group was left untreated and the other was
treated with anti-LFA-1. Similarly, between the two LM-OVA infected groups, one
group was left untreated and the other was treated with anti-LFA-1. On day 10,

splenocytes were obtained and the expression of LFA-1 was determined.
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Fig. 9. The MFI of LFA-1 was equivalent in the LM-OVA and SG-OVA elicited OT-
I T cells that have been blocked with anti-LFA-1

Four groups of naive B6 mice were adoptively transferred with OT-I T cells. Two groups
were grafted with mOV A skin grafts and the other two groups were injected with LM-
OVA. Among the two skin graft groups, one group was left untreated and the other was
treated with anti-LFA-1. Similarly, between the two LM-OVA infected groups, one
group was left untreated and the other was treated with anti-LFA-1. On day 10,

splenocytes were obtained and the MFI of LFA-1 was determined among all four groups.
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