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Abstract
Recently, our laboratory reported that secondary CD8+ T-cell mediated anti-tumor responses were
impaired following successful initial anti-tumor responses using various immunotherapeutic
approaches. While immunotherapy stimulated significant increases in CD8+ T cell numbers, the
number of CD4+ T cells remained unchanged. The current investigation revealed a marked
differential expansion of CD4+ T-cell subsets. Successful immunotherapy surprisingly resulted in
an expansion of CD4+ Foxp3+ T-regulatory (Treg) cells concurrent with a reduction of conventional
CD4+ T cells (Tconv), despite the marked anti-tumor responses. Following immunotherapy, we
observed differential upregulation of PD-1 on the surface of CD4+ Foxp3+ regulatory T cells (Treg
cells) and CD4+ Foxp3− T cells (Tconv cells). Interestingly, it was the ligand for PD-1, B7-H1
(PDL-1) that correlated with Tconv loss after treatment. Furthermore, interferon gamma knockout
(IFNγ−/−) and interferon gamma receptor knockout (IFNγR−/−) animals lost upregulation of surface
B7-H1 even though PD-1 expression of Tconv cells was not changed and this correlated with
CD4+ Tconv increases. These results suggest that subset specific-expansion may contribute to
marked shifts in the composition of the T-cell compartment, potentially influencing the effectiveness
of some immunotherapeutic approaches that rely on interferon gamma (IFNγ).
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Introduction
Immunotherapeutic use of an agonist CD40 mAb in combination with IL-2 has been shown to
have synergistic anti-tumor effects in mouse models of advanced renal cell carcinoma (RCC)
and lung carcinoma (1). More recently, we reported that treatment of mice after immunization
combined with this and other immunotherapeutic regimens can lead to an interferon-gamma
(IFN-γ) dependent loss of CD4+ T cells and subsequent inability to mount an effective memory
response after a delayed live tumor challenge despite successful initial anti-tumor responses
(2). Additionally, other investigators using a viral antigen challenge model have shown similar
effects after administration of anti-CD40 alone. Administration of anti-CD40 to LCMV-
infected mice was associated with loss of virus specific CD8+ T cells upon secondary challenge
in vitro. While a loss of CD4+ T cells was also observed, the dominant effector outcome was
due to the loss of CD8+ T cells and was mediated by the Fas-FasL pathway (3). The majority
of tumor models focus on CD8+ T cell effector pathways. However, in addition to helping
generate tumor-antigen specific CD8+ T-cell memory, recent studies suggest a more direct role
for CD4+ T cells in some anti-tumor responses (4). While we previously reported a loss in
CD4+ T cell numbers after anti-CD40 and IL-2 immunotherapy despite increases in CD8+ T
cells, the mechanism underlying this lack of CD4+ T-cell expansion was not clear.

CD4+ T cells are a very diverse lymphocyte population with respect to the cytokines they can
produce and understanding their polarization toward stimulatory or inhibitory activity is
important for understanding how they can affect treatment in a disease setting (5). Regulatory
CD4+ T cells expressing the hallmark forkhead transcription factor 3 (Foxp3) (Treg cells) are
of particular interest with respect to cancer immunotherapy due to their potent
immunosuppressive effects. It has therefore been suggested that their presence should be
evaluated with all immunotherapeutic regimens since increases in Treg cells can be
counterproductive to the desired outcome (6). We therefore examined the effects of CD40-
based immunotherapeutic regimens on CD4+ T cell subsets and key markers correlating with
their expansion or loss. Our current observations presented herein report a differential
expression patterns of the cell surface marker Programmed Death-1 (PD-1, CD279) in response
to anti-CD40 and IL-2 immunotherapy on the surface of conventional CD4+ T cells (Tconv)
and Treg cells. PD-1 is found on most cells of hematopoietic origin and its surface expression
has been associated with programmed cell death of thymocytes after TCR ligation (7,8). PD-1
upregulation after T-cell activation has been implicated as being important for the peripheral
tolerance of CD8+ T cells to tissue antigens, as well as self antigens early in their development
(9-11).

We observed markedly increased expression of PD-1 on the surface of CD4+ Tconv cells, but
not Treg cells after treatment with anti-CD40 and IL-2. Additionally, B7-H1 was upregulated
in an IFN-γ dependent fashion, consistent with previous reports, (12) and we found this
upregulation of B7-H1 to correlate with the observed loss of CD4+ T cells. These findings
caused us to look more closely at CD4+ T cell subsets in the context of immunotherapy-induced
alterations of CD4+ T cell subsets and overall changes in the composition of the T-cell
compartment. The results reported herein led us to the hypothesis that IFN-γ dependent
upregulation of B7-H1 after immunotherapy is met with a differential expression of PD-1 on
conventional CD4+ T cell versus Treg cells. From these results, we suggest that differential
expression pattern of the regulatory marker PD-1 following immunotherapy contributes to the
loss of Tconv cells while simultaneously allowing Treg cells to expand. This may have
ramifications in the length and extent of anti-tumor effects after immunotherapy.
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Materials and Methods
Mice

Female C57BL/6 and BALB/c mice were purchased from the Animal Production Area of the
National Cancer Institute (Frederick, MD). B6.129S7-Ifngtm1Ts (IFNγ−/−) and B6129S7IfngR
(IFNγR−/−) as well as some aged matched control WT C57BL/6 mice were purchased from
Jackson Laboratories (Bar Harbor, ME). Mice were between 8 and 12 weeks at the start of
experiments and housed in microisolator cages or in the case of genetically engineered and
aged matched control mice, on a Hepa filtered vent rack. Under all settings, mice were housed
under specific pathogen free conditions. All experiments were in accordance with IACUC
guidelines.

Reagents and cell Lines
Agonist rat anti-mouse CD40 (FGK115B3) was purified by ammonium sulfate precipitation
from ascites. The endotoxin level of the anti-mouse CD40 antibody was <1endotoxin unit/mg
antibody as determined by quantitative chromogenic limulus amebocyte lysate kit (QCL-1000,
Bio Whittaker, Cambrex, Walkersville, MD). Recombinant human Interleukin-2 (IL-2;
TECIN. Teceleukin) was provided by the National Cancer Institute. Recombinant human IL-15
(IL-15) was purchased from Peprotech (Rocky Hill, NJ). Purified rat IgG was purchased from
Jackson ImmunoResearch Laboratories (West Grove, PA).

Cell Preparations
Spleen and lymph node cells were prepared by gentle dissociation and filtered to remove excess
debris followed by washing two times in DPBS containing 5% FBS (Hyclone, Logan UT) and
1% Penicillin/Streptomycin (Mediatech, Herndon, VA). Cell counts were determined by a lyse/
no wash procedure with known concentration of fluorescent beads or on a Coulter Z1 particle
counter (Coulter Electronics, Arlington, TX). Blood was collected in tubes containing EDTA,
Red blood cells were lysed in blood samples with FACSLyse (BD Biosciences, San Jose, CA).

Antibodies and Flow Cytometry
Cell suspensions from lymph node or spleen or whole blood were incubated with antibodies
labeled with fluorescein (FITC) R-Phycoerythrin (PE), PE-cyanine 5 (PC5) and/or PE-Cyanine
7 (PC7) and PE-Texas Red (PE-TXred) followed by wash and resuspension in PBS + 5%FBS
(Hyclone, Logan UT) + 1% Penicillin/Streptomycin (Mediatech, Herndon, VA.). Intracellular
Foxp3 labeling was completed using the Ready Set Go, Foxp3 labeling Kit (eBiosciences, San
Diego, CA) and all samples were resuspended in 1% formaldehyde (Sigma) in 1X Dulbeccos
Phosphate Buffered Saline (Mediatech, Herndon, VA). Antibodies were purchased from either
eBiosciences or BD Biosciences. Listmode data files were collected on a three color FACScan
flow cytometer using Cell Quest software (Becton Dickinson, San Jose, CA), on a four-color
Beckman Coulter XL/MCL using system II software or on a 5-color FC 500/MPL (Beckman
Coulter, Fullerton CA). All data sets were analyzed using FlowJo software (Treestar, Ashland,
OR).

Treatment Protocol
Agonist rat anti-mouse CD40 (FGK115B3) was administered i.p. at 65ug (IFNγ−/−or IFNγR
−/−) or 80ug per dose for 5 consecutive days. Recombinant human IL-2(IL-2), 0.5 − 1.0
X106 IU/dose was administered i.p. four times per week in two sets of two injections; the
second injection in a set being 8−20hrs from the previous one. In experiments where IL-15
was used in combination with anti-CD40, 2.5ug of recombinant human IL-15 (IL-15) was
administered i.p. twice daily in place of IL-2 injections.
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Statistics
Statistical analysis was performed using Prism software (Graphpad Software Inc.) Flow
cytometry data were analyzed using student's t test; a Welch's correction was applied to data
sets with significant differences in variance. Survival data were analyzed using a Log Rank
Test. A minimum of 3 mice per group was used and all experiments. Experiments using C57BL/
6 mice were repeated at least 3 times. BALB/c experiments were performed once with 3 mice
per group to support the observations made using C57BL/6 mice. Data were tested for
normality and variance, a p-value of <0.05 was considered significant.

Results
Systemic Immunotherapy Results in a Selective Loss of Conventional CD4+ T cells but not
Regulatory CD4+ T cells

Evaluation of splenic CD4+ T cell percentages 11 days after the start of immunotherapy shows
a marked lack of expansion of CD4+ T cells compared with CD8+ T cells (Fig. 1A). Despite
reported initial anti-tumor effects (1) this was found to be due to cell death as CD4+ T cells
were shown to be entering into the cell cycle after immunotherapy even though no expansion
was taking place. Similar to our previous observations in multiple immunotherapeutic models
(2), evaluation of CD4+ and CD8+ T cells shortly after immunotherapy administration resulted
in an alteration of the normal ratio between CD4+ and CD8+ T cells (Fig. 1B). We next
examined the effect of immunotherapy on the different CD4+ T cell subsets. Surprisingly, while
CD4+ T cells did not expand as a whole population, the regulatory subset of CD4+ T cells
defined by the expression of Foxp3 (Treg Cells) significantly (P < 0.05) expanded following
administration of immunotherapy (Fig. 1C). In addition to total cell number, Treg cell
expansion concurrent with the lack of Tconv cell expansion resulted in Treg cells making up
a larger percentage of the CD4+ T cell compartment (Fig. 1D). Since IL-2 and not IL-15 is
reported to be a strong promoter of Treg cells in vivo, anti-CD40 was combined with IL-15 to
determine if this combination would also result in a significant expansion of Treg cells. In
addition to anti-CD40 and IL-2, anti-CD40 and IL-15 combined immunotherapy resulted in
similar preferential expansion of Treg cells and not Tconv (Fig. 1E and F). This appears to be
due to a dominant effect of CD40 as IL-15 alone did not promote Treg expansion (data not
shown). These results suggest that administration of immunotherapy results in an early loss of
Tconv cells and simultaneous expansion of Treg cells, despite the occurrence of marked anti-
tumor effects.

Systemic Immunotherapy Results in a Differential Expression of PD-1 on the Surface of
Conventional and Regulatory T cells in Conjunction with B7-H1 Upregulation on all CD45+

splenocytes
PD-1/B7-H1 ligation has been shown to have inhibitory and even pro-apoptotic effects on
CD8+ T cells (7,13). However, the effect of immunotherapy on this pathway with regard to
CD4+ T cells has not previously been investigated. Therefore, we assessed surface PD-1
expression on CD4+ Tconv cells and CD8+ T cells as well as CD4+ Treg cells by flow cytometry
immediately following administration of an anti-CD40 and IL-2 regimen. Following
immunotherapy, we observed a significant increase of the percentage of Tconv cells expressing
PD-1 on the cell surface (P < 0.001) which was not observed in the Treg cell subset (P > 0.05).
We also observed a significant increase in the percentage of CD8+ T cells that expressed surface
PD-1 after treatment with anti-CD40 and IL-2 (Fig. 2A and B), however the fold increase in
the percentage of CD8+ T cells expressing surface PD-1 was significantly (P < 0.01) lower
than CD4+ Tconv cells (Fig. 2C). The percentage of CD8+ T cells from control treated animals
did not significantly differ from naïve animals (Fig. 2D). While we observed a higher baseline
percentage of CD8+ T cells that were also PD-1+, CD8+ T cells had a consistently lower (P <
0.0001) level of receptor expression than CD4+ T cells as determined by median fluorescence

Alderson et al. Page 4

J Immunol. Author manuscript; available in PMC 2008 June 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



intensity (data not shown). Further studies performed in both C57BL/6 mice and BALB/c mice
showed that administration of anti-CD40 and IL-2 induced similar expression patterns of PD-1
on the surface of CD4+ T cells in both strains (Fig. 2E). In addition to PD-1, we also examined
the expression of the PD-1 ligand, B7-H1. B7-H1 is widely expressed on most hematopoietic
cell types (12), therefore we evaluated its expression by flow cytometric analysis on all
CD45+ splenocytes. Following anti-CD40 and IL-2 administration, we observed a significant
(P < 0.0001) increase in the median fluorescence intensity of surface B7-H1 on CD45+

splenocytes (Fig. 3A and B). B7-H1 expression was also significantly (P< 0.05) higher on the
surface of the CD11c+ population of leukocytes (data not shown) however, the expression was
not limited to myeloid or lymphoid cells therefore we evaluated surface B7-H1 expression on
all hematopoietic (CD45+) cells. We did observe some variation in the baseline level of B7-
H1 in our control treated animals between experiments however a comparison between naïve
and control treated animals did not show an effect of the rat Ig and PBS treatment in the relative
levels of B7-H1 on CD45+ cells (Fig. 3C). These data show that anti-CD40 and IL-2 results
in the upregulation of B7-H1 on CD45+ cells, while simultaneous increasing surface PD-1 on
conventional CD4+ T cells and not on Treg cells. These changes correlate directly with the
observed loss in CD4+ T cell numbers suggesting that changes in the expression of B7-H1 and
PD-1 may contribute to the decrease in conventional CD4+ T cells in the absence of similar
effects on CD4+ Treg cells.

Surface PD-1 Expression on CD4+ Tconv Cells is not Changed in the Absence of IFNγ After
Immunotherapy

Previous data from our laboratory indicated that the selective loss of CD4+ T cells following
anti-CD40 and IL- 2 was dependent on IFNγ (2). Therefore, we evaluated the relative levels
of PD-1 on the surface of CD4+ T cells from wild type mice versus mice lacking either IFNγ
(IFNγ−/−) or the IFNγ receptor (IFNγR−/−). After treatment with anti-CD40 and IL-2, we
found surface expression of PD-1 on CD4+ T cells was still significantly (P < 0.001)
upregulated in IFNγR−/− mice (Fig. 4A and B) and IFNγ−/−mice (Fig. 4C and D). Surface
upregulation of PD-1 on CD4+ T cells occurred in the absence of IFNγ signaling despite
increases in CD4+ T cell numbers following treatment (2). These data suggest that IFNγ is not
influencing the observed reduction in CD4+ T cells through direct alteration of the surface
expression of PD-1 on CD4+ T cells.

IFN-γ Dependent B7-H1 Expression on Hematopoietic Cells Correlates with CD4+ T cell Loss
Since surface expression of PD-1 on CD4+ T cells in IFNγR−/− and IFNγ−/−mice did not
directly correlate with IFNγ dependent loss of CD4+ T cells despite restoration of CD4+ T cell
expansion, we evaluated the relative levels of B7-H1 expression following immunotherapy.
Surface expression of B7-H1 and not PD-1, is reported to be dependent on IFNγ (12). To
examine a possible correlation between B7-H1 expression and immunotherapy induced
CD4+ T cell loss, flow cytometric analysis was used to determine the relative levels of B7-H1
on CD45+ cells from IFNγR−/− mice and IFNγ−/− mice after administration of anti-CD40 and
IL-2. As expected, CD45+ splenocytes from wild type mice showed a significant (P < 0.001)
upregulation of surface B7-H1 expression after treatment with anti-CD40 and IL-2. In contrast,
CD45+ splenocytes from both IFNγR−/− mice (Fig. 5A and B) and IFNγ−/−mice (Fig. 5C and
D) did not show elevated cell surface B7-H1 expression after treatment with anti-CD40 and
IL-2. These data suggest that direct effects of IFNγ on B7-H1 expression patterns correlated
with the observed loss of CD4+ T cells following anti-CD40 and IL-2. As selective
immunotherapy induced expression of PD-1 on CD4+ Tconv cells and not Treg cells this
allowed for Treg cells to avoid the inhibitory effects of anti-CD40 and IL-2 via upregulation
of B7-H1. This selective upregulation results in a marked alteration of the CD4+ Tconv:
CD4+ Treg: CD8+ T cell ratio which may contribute to the loss of secondary responses at a
later time, after immunotherapy.

Alderson et al. Page 5

J Immunol. Author manuscript; available in PMC 2008 June 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Discussion
In this manuscript, we show that tumor immunotherapy regimens that can lead to successful
initial anti-tumor responses paradoxically result in a lack of CD4+ Tconv cell expansion
concurrent with CD4+ Treg cell expansion and this correlates with PD-1/B7-H1 expression
patterns following immunotherapy. Specifically, we present evidence that upregulation of the
inhibitory molecule PD-1 on Tconv cells following immunotherapy is a likely mechanism that
contributes substantively to an imbalance between potentially beneficial Tconv cells and
deleterious Treg cells. Treg cells are important mediators of the inflammatory immune
response through their inhibitory actions on CD4+ and CD8+ T cells as well as NK cells (14,
15). Their presence has been shown to hinder the promotion of an effective immune-mediated
anti-tumor response (6). The selective expansion of Treg cells after immunotherapy described
here may present a mechanism by which the immune system attempts to down-regulate itself
after being exposed to such a powerful stimulus such as anti-CD40 and IL-2. Therefore, these
cells may be a critical determining factor in the outcome of at least some immunotherapeutic
approaches to cancer treatment.

In a previous publication, we reported substantial effects of anti-CD40 and IL-2 on the ratio
of CD4+ to CD8+ T cells. In tumor-bearing mice, we showed long term effects, which changes
in this ratio can have on memory CD8+ T cell responses (2). Based on our current observations,
we cannot rule out the possibility that PD-1 ligation is also having an effect on CD8+ T cells.
However we observed higher increases in PD-1 expression on CD4+ T cells in terms of MFI
and the percent of PD-1 positive cells. Therefore, we think that in our model PD-1 is having a
more pronounced effect on CD4+ Tconv cells than on CD8+ T cells. The data presented in this
publication extend our previous observations to suggest that when subsets of CD4+ T cells are
carefully evaluated, substantial differences in important subsets can be detected. For example,
our findings suggest that the ratio of CD4+ Tconv cells to CD8+ T cells may be lower than was
originally thought. This is due to a preferential expansion of Treg cells in the CD4+ T cell
compartment after treatment with either anti-CD40 and IL-2 or anti-CD40 and IL-15. While
the consequences of such a preferential expansion following immunotherapy have not been
previously described, this may contribute to the loss of secondary responses, and also may
shorten the duration of the initial anti-tumor response. It is therefore reasonable to suggest that
combination immunotherapy in conjunction with Treg cell depletion may further enhance the
effectiveness of this approach. One potential way to reduce the induction of Treg cells would
be to use IL-15 instead of IL-2 (16), as IL-2, and not IL-15, is known to be a strong promoter
of Treg cell expansion (17-19). However, we did not observe a difference in the expansion of
Treg cells between the two immunotherapeutic regimens, and IL-15 alone did not induce Treg
cell expansion (data not shown). This suggests Treg cell expansion may rely more on the
administration of anti-CD40 than on the administration of IL-2.

Agonist CD40 mAb administration has been shown to suppress the immune response to LCMV
infection resulting in an increase in viral titers after treatment. In this LCMV model, loss of
antigen specific CD8+ T cells was observed. Interestingly, in this model a significant decrease
in CD4+ T cells was also observed after treatment with anti-CD40 alone, however any potential
correlation with PD-1 expression was not discussed (3).

The use of anti-CD40 and IL-2 provides a model for investigating the disadvantages and
benefits of potent immune stimulation. This model magnifies differences that may occur in the
effectiveness of initial versus long term immune-mediated tumor responses. In this regard, our
recent studies indicate that strong immunotherapeutic regimens such as anti-CD40 and IL-2
combined therapy can hamper long term responses to antigen through deleterious changes in
the CD4+:CD8+ T cell balance (2). Alterations in this balance have been of great interest for
some time (20,21). Most recently there has been a debate about potentially “helpless” CD8+
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T cells being incapable of responding to secondary antigenic challenge, which can occur even
when primary response capabilities function with complete normalcy and strength (22,23).

Surface expression patterns of PD-1 on human CD4+ T cells can be used as an indication of
disease outcome in various human disease settings such as rheumatoid arthritis, schistosomiasis
and Hodgkin's lymphoma (24-26). Similarly, PD-1 expression occurs on the CD8+ T-cells of
patients infected with HIV who show long term progressor status (27). However, few reports
have discussed the relative expression patterns on CD4+ T cell subsets, and to our knowledge,
no reports have discussed a differential response of CD4+ T cell subsets to immunotherapy
dependent on this pathway. While we observed a differential expression of PD-1 on the surface
of Tconv cells and Treg cells after anti-CD40 and IL-2, we did not however find a difference
in the expression pattern of other immune markers such as Fas or DR5 after treatment (data
not shown).

PD-1 has two known ligands, B7-H1 (PDL-1, CD274) and B7-DC (PDL-2, CD273) (12). B7-
H1 is found on many cell types including lymphocytes and myeloid cells as well as cells that
are not of hematopoietic origin (8). B7-DC is primarily found on dendritic cells and is not
upregulated in response to IFN-γ; therefore, we have focused on effects of B7-H1. Ligation of
PD-1 by B7-H1 is capable of eliciting either apoptosis or senescence (7,12). B7-H1 is inducibly
upregulated on tumor cells both in vivo and in vitro, and is therefore thought to be important
in tumor evasion of immune responses (28). PD-1 engagement by B7-H1 has been shown to
have potent inhibitory effects on immune stimulation (29,30) resulting in promotion of
CD8+ T cell tolerance to self antigens in the periphery (9). Therefore, the PD-1/B7-H1 pathway
is currently under intense investigation since manipulating it has the potential to modulate
immune responses in a positive or negative manner (31-33).

Given our data presented here, further studies in tumor bearing mice could address the question
of whether selective upregulation of PD-1 on Tconv cells and not Treg cells following
immunotherapy might allow the tumor to dampen the effectiveness of tumor infiltrating
lymphocytes, while not affecting the immune inhibiting function of Treg cells. B7-H1
upregulation may additionally promote immune suppression by supporting cell conversion to
suppressive phenotype. In addition to Tconv cells being negatively affected through ligation
of PD-1 by B7-H1, Treg cells may benefit from this interaction (34). In H. Pylori infection, T-
cell anergy at the site of infection has been shown to be dependent on PD-1 ligation by B7-H1.
It was shown that the presence of B7-H1 promoted an increase in Treg cell frequency when
CD4+ T cells from H. Pylori infected donors were co-cultured with H. Pylori infected epithelial
cells in vitro. This Treg cell expansion was abrogated when anti-B7-H1 antibody was included
(34).

Blockade of PD-1 and/or B7-H1 as well as other inhibitory markers such as CTLA-4 has
recently been of interest when attempting to break tolerance (11,35), (36). Combined PD-1 and
B7-H1 blockade, but not B7-DC is reported not only to enhance CD8+ T cell mediated anti-
tumor responses, but also to reverse anergy in CD8+ T cells (11). It is important to note, however
that blockade of the PD-1/B7-H1 pathway usually only results in a partial removal of its
inhibitory effect. Studies in our model aimed at the blockade of PD-1 or B7-H1 singly with
anti-CD40 and IL-2 had no effect in vivo possibly due to the massive expansion of PD-1+ and
B7-H1+ cells which would require very high levels of blocking antibody to obtain results (data
not shown). This demonstrates one of the potential problems when exerting very strong
stimulatory signals to amplify immune responses. Studies using PD-1 or B7-H1 knockout mice
may be the best way to determine if anti-tumor responses after immunotherapy are enhanced
by the removal of PD-1 or B7-H1 signaling.
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Relieving immune responses from the strict control that is mediated through PD-1/B7-H1 may
be beneficial for the development of more effective anti-tumor immunotherapeutic approaches.
Herein we report a previously undescribed preferential expansion of Treg cells which occurs
in parallel to the loss of effector cells after administration of anti-CD40 and IL-2. It is of interest
that this preferential Treg expansion still resulted in marked initial anti-tumor effects (1,2).
Because of its potent immunomodulating capabilities, the PD-1 and B7-H1 receptor/ligand
interactions provide a potentially important component that should be further considered with
regard to immune changes and overall responses that can be induced by different forms of
immunotherapy. Our observations highlight the strong opposing force that the immune system
has to potent stimuli. The different regulatory mechanisms utilized to protect from over
stimulation may hinder efforts toward more effective anti-tumor immunotherapies.
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Figure 1. Anti-CD40 and IL-2 combination immunotherapy results in skewing of normal
lymphocyte ratios
Spleens from C57BL/6 mice harvested on day 11 of treatment with anti-CD40 and IL-2 showed
expansion of CD4+ Foxp3+ regulatory T cells. (A) Animals that had received immunotherapy
showed a significant (P < 0.05) increase in the number of splenic CD8+ T cells but not in
CD4+ T cells as determined by flow cytometry. (B) After treatment with anti-CD40 and IL-2,
animals showed a significant (P < 0.0001) decrease in the ratio of CD4+ to CD8+ T cells in the
spleen. (C and D) Despite the lack of expansion of splenic CD4+ T cells after immunotherapy,
we observed a significant (P < 0.05) increase in Treg cells in animals that had been treated
with anti-CD40 and IL-2. This increase in Treg cells was determined to be in total CD4+
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Foxp3+ cell numbers (C) and as a percentage (D) of the total CD4+ T cell population. (E and
F) IL-15 was used in combination with anti-CD40 in place of IL-2 and Treg cells were analyzed
by flow cytometry for expansion (E) in cell numbers and (F) as a percentage of all CD4+ T
cells. Data in A-D was repeated at least three times with similar results, the data in E and F
was repeated two times. Analysis for all parts of figure 3 were analyzed using an unpaired
student t test, a Welch's correction was applied for any set of data with significantly different
variances.
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Figure 2. Regulatory T cells fail to upregulate PD-1 as a result of anti-CD40 and IL-2
immunotherapy
Relative levels of PD-1 on the surface of Foxp3+ CD4+ Treg cells were compared with
conventional Foxp3− CD4+ T cells 11 day after initiation of immunotherapy by flow cytometry.
(A) Representative histograms of PD-1 labeling show unlabeled control (gray line), Rat Ig/
PBS treated animals (dashed black line) and anti-CD40 and IL-2 treated animals (solid black
line). (B) The relative percentage of Treg cells expressing surface PD-1 was not significantly
(P > 0.05) greater in animals which had received anti-CD40 and IL-2 immunotherapy.
However, surface PD-1 expression was significantly (P < 0.01) higher on conventional
CD4+ T cells and CD8+ T cells from animals that had received immunotherapy. (C) The
increase in the percentage of cells expressing surface PD-1 as a fold increase in animals treated
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with anti-CD40 and IL-2 over control treated animals. (D) The percent of CD8+ T cells
expressing surface PD-1 is not significantly (P > 0.05) increased when animals are treated with
the control therapy. (E) Representative histograms show similar upregulation of surface PD-1
on CD4+ T cells from C57BL/6 mice as well as BALB/c mice; unlabeled control (gray line),
Rat Ig/PBS treated animals (dashed black line) and anti-CD40 and IL-2 treated animals (solid
black line). The data in A and B were repeated at least three times with similar results, the data
in C was collected one time. A student t-test, with a Welch's correction for any data sets with
significant differences in variance was used in B, a one way ANOVA was used in parts C and
D.
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Figure 3. Anti-CD40 and IL-2 immunotherapy results in an increased surface expression of B7-H1
on all hematopoietic cells
Mice were treated with anti-CD40 and IL-2 according to the standard regimen listed in the
Materials and Methods section. 11 days after treatment initiation, spleen were harvested and
analyzed by flow cytometry for surface B7-H1 expression. (A) B7-H1 (PDL-1) expression was
determined by median fluorescence intensity analysis and is significantly (P < 0.0001 by
unpaired student t test) higher on splenocytes from animals which received anti-CD40 and
IL-2. (B) Representative histograms show a similar pattern in both C57BL/6 mice as well as
BALB/c mice; unlabeled control (gray line) and labeling with anti-B7-H1 antibody (clone
MIH5) on CD45+ splenocytes from control treated animals (dashed black line) and animals
treated with anti-CD40 and IL-2 (solid black line). (C) A comparison of the MFI of B7-H1 on
CD45+ cells in control treated animals versus anti-CD40 and IL-2 treated animals, a one way
ANOVA was used for statistical analysis. Each experiment was made up of three mice per
group. The data shown in B and C were collected on two different flow cytometers (Beckman
Coulter XL and FacScan, respectively) and the Y axes are representative of the MFI as reported
by the two instruments. Experiments shown in A were completed at least three times with
similar results, data in B and C was completed one time (n=3 for each).
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Figure 4. Surface expression of PD-1 on CD4+ T cells is not affected by IFN-γ
Surface PD-1 expression on CD4+ T cells was evaluated by flow cytometry 11 days after
immunotherapy initiation in animals lacking either IFN-γ (IFNγ−/−) or the IFN-γ Receptor
(IFNγR−/−). (A) Representative histograms of PD-1 in IFNγR−/− mice show unlabeled control
(gray line), Rat Ig/PBS treated animals (dashed black line) and anti-CD40 and IL-2 treated
animals (solid black line). (B) Cells isolated from the spleens of IFNγR−/− and WT C57BL/6
animals showed a significantly (P < 0.001) higher percentage of CD4+ T cells in the spleen
expressing surface PD-1 from animals which had been administered immunotherapy. (C)
Histograms of PD-1 labeling in IFNγ−/− mice show unlabeled control (gray line), Rat Ig/PBS
treated animals (dashed black line) and anti-CD40 and IL-2 treated animals (solid black line).
(D) Evaluation of splenocytes from IFNγ−/− mice 11 days after the start of immunotherapy
showed a higher (P < 0.001) percentage of CD4+T cells expressing surface PD-1 in animals
that had been administered anti-CD40 and IL-2. Experiments using IFNγR−/− animals were
completed one time with three animals per group and were supported by IFNγ−/− data which
was completed three times with three animals per group. An unpaired student t-test was used
to determine significant differences between animals which had received immunotherapy and
the control immunotherapy, a Welch's correction was used for data sets with significant
differences in variance.
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Figure 5. B7-H1 expression correlates with IFN-γ
B7-H1 expression on all CD45+ leukocytes was evaluated in wild type animals and animals
deficient in either interferon-gamma (IFNγ−/−) or the interferon-gamma receptor (IFNγR−/−).
Unlike WT mice where a significantly (P < 0.001) higher level of B7-H1 was observed on
cells from animals which had received immunotherapy, B7-H1 was not higher after
immunotherapy in either IFNγR−/− (A and B) or IFNγ−/− (C and D) mice. An unpaired student
t test was used to determine significant differences between animals which had received
immunotherapy and the control immunotherapy. (A and C) Representative histograms of
IFNγR−/− mice and IFNγ−/− mice respectively show control labeling (gray line), labeling of
splenocytes from animals which received Rat Ig and PBS (black dashed line) or anti-CD40
and IL-2 (black solid line).
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