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Tumor-derived vaccines containing CD200
inhibit immune activation: implications for
immunotherapy

There are over 400 ongoing clinical trials using tumor-derived vaccines. This approach
is especially attractive for many types of brain tumors, including glioblastoma, yet so
far the clinical response is highly variable. One contributor to poor response is CD200,
which acts as a checkpoint blockade, inducing immune tolerance. We demonstrate
that, in response to vaccination, glioma-derived CD200 suppresses the anti-tumor
immune response. In contrast, a CD200 peptide inhibitor that activates antigen-
presenting cells overcomes immune tolerance. The addition of the CD200 inhibitor
significantly increased leukocyte infiltration into the vaccine site, cytokine and
chemokine production, and cytolytic activity. Our data therefore suggest that CD200
suppresses the immune system'’s response to vaccines, and that blocking CD200 could
improve the efficacy of cancer immunotherapy.
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Despite four decades of intense research into
vaccine-based strategies for fighting cancer,
the majority of immunotherapies against
solid tumors still fail to achieve beneficial
outcomes. This is especially true for the CNS
tumor glioblastoma multiforme (GBM). A
recent search on ClinicalTrials.gov revealed
over 400 open clinical trials using tumor
cells as a source of antigens to stimulate an
anti-tumor response; 25 of these are directed
toward CNS tumors.

The use of tumors as a source of tumor-
associated antigens clearly has advantages;
however, most cancers have robust mecha-
nisms for evading the immune system [1].
Immune checkpoint inhibitory ligands and
their receptors tightly control T-cell activa-
tion, maintaining self-tolerance and limiting
immune-mediated collateral tissue dam-
age. Checkpoint blockades such as cyto-
toxic T lymphocyte antigen-4 (CTLA-4)
and programmed death-1 receptor (PD-1) 2]
have been targeted in multiple clinical tri-

als, demonstrating some success (reviewed in
(1) 3]. We have extensively studied another
checkpoint blockade (CD200/CD200R)
responsible for shutting down the immune
system [45] making the CD200 blockade
interaction an important target for cancer
immunotherapy [6-8].

CD200 has been well characterized as
an immunosuppressive protein that inhibits
immune responses through its receptor [9-11].
In healthy individuals, CD200 is distrib-
uted on a wide variety of tissues, including
B cells, activated T cells, certain vascular
endothelia, kidney, placenta cells and neu-
rons [12]. In contrast to the distribution of
CD200 ligand, its receptor, CD200 receptor
(CD200R), is mainly expressed on myeloid
cells (monocytes, granulocytes, dendritic
cells). CD200R is also expressed on T cells
and B cells, inactivating leukocytes through
negative immune signals [13-15]. High expres-
sion of CD200R has also been detected on
differentiated central and effector memory
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T cells. CD200R expression is particularly apparent in
polarized Th2 cells [16], resulting in the expansion of
regulatory T cells [17-19].

CD200 is expressed on tumors such as chronic lym-
phocytic leukemia [11], multiple myeloma (6], acute
myeloid leukemia [20], melanoma [21], ovarian can-
cer [22], metastatic small cell carcinoma [23], GBM [4]
and on the murine glioma GL261 (Figure 1A). In addi-
tion, tumor progression and poor patient outcome have
been shown to correlate with the presence of soluble
CD200 [24]. Wong et al. [24] reported that soluble
CD200 levels in the plasma of chronic lymphocytic

®

leukemia patients correlate with tumor burden and
disease state. In our Phase I vaccine trial, we dem-
onstrated increasing levels of CD200 in the serum of
our GBM and ependymoma immunotherapy patients
upon tumor recurrence [4].

Absorbing CD200 out of tumor-derived
vaccines enhances immunogenicity

Because CD200 is expressed on tumors, we hypoth-
esized that we are suppressing the immune system with
the tumor-derived vaccines designed specifically to
induce an anti-tumor immune response. To test our
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Figure 1. Absorbing CD200 out of tumor-derived vaccines enhances immunogenicity. (A) Human and mouse gliomas were analyzed
by western analysis for CD200. (B & C) CD200 was absorbed out of murine GL261 tumor lysates and used to pulse (D) OT-1 splenocytes
and (E) bone marrow derived dendritic cells with OVA as an immune stimulant with either wild-type GL261 or GL261 (CD200neg)
tumor lysates. Error bars are + SEM, asterisk represent a statistical significance *p < 0.05, **p = 0.005 or ***p = 0.0005 determined by
unpaired t-test. Experiments are representative of three separate experiments.

OVA: Ovalbumin.

1060

Immunotherapy (2016) 8(9)

future science group



)

*k

8000

TNFa (pg/ml)
N D
o o
o o
9

2000

0 I I
Tumor lysates - + +

CD200 inhibitor - - +

© *

60

40

20 T

ol ]

T T T
Tumor lysates - + +
CD200 inhibitor - - +

IL-1a (pg/ml)

@ wok

1500_ *

T 10001 1

= 1000

= .

©

4 500+

0 — : |

Tumor lysates = + +
CD200 inhibitor - - o

CD200 inhibits immune stimulation Special Report

@

150 =
£ .
E 100+ * -
L
n 1
Q 50
=
(O]
0
I I I
Tumor lysates - + +
CD200 inhibitor - = +

©)

600 *
£ . T
o 400
2 —_—
P R
o
g 200+
o
0 : | |
Tumor lysates - + +
CD200 inhibitor - - +

@

6000 .
£ -
& 4000+ 1
(7]

L *k
E 2000 —
<
o I—I
0 : | |
Tumor lysates - + +
CD200 inhibitor - - +

Figure 2. CD200 peptide inhibitor blocks the suppressive properties of CD200. (A-F) CD11b cells were isolated
from C57BL/6 wild-type mice were pulsed with tumor lysates derived from wild-type GI261 cells +/- the CD200
peptide inhibitor. Supernatants were analyzed for chemokine and cytokine secretion. Error bars are + SEM,
asterisk represent a statistical significance *p < 0.05 or **p = 0.005 determined by unpaired t-test. Experiments are

representative of three separate experiments.

hypothesis, we depleted CD200 from our tumor lysates
using immunoprecipitation (Figure 1B & C). OT-I sple-
nocytes were pulsed with ovalbumin (OVA) + GL261
tumor lysate (GL261) or GL261 depleted of CD200
(GL261 (CD200neg)). GL261 significantly suppressed
the ability of OVA to induce an immune response (p =
0.009), which was reverted by depleting CD200 from
the vaccine (p = 0.003) (Figure 1D). Because CD200
acts on antigen-presenting cells [19], we repeated this
experiment with bone marrow-derived dendritic cells
(DCs). Our experiments recapitulated the findings
in Figure 1D that, compared with OVA alone, tumor
lysates containing CD200 inhibited IFN-y (p = 0.001)

and IL-2 (p = 0.005) production, a result which was
reversed by depleting CD200 (p = 0.001) (IFN-y), p =
0.001 (Figure 1E) and (IL-2) (Figure 1F).

CD200 inhibitor blocks immune suppression
from tumor-derived vaccines

Targeting receptor-ligand interactions has become
increasingly important, as indicated by CD200/
CD200 receptor (CD200R) in leukemia cells and
CD47/SIRP in many cancers cells [1125-27]. We devel-
oped a peptide inhibitor targeting the CD200R iso-
form activation receptors [4]. Purified CD11b cells from
wild-type mice were pulsed with tumor lysate contain-
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Figure 3. CD200 inhibitor enhances an antigen-specific
response. (A & B) Bone marrow-derived dendritic

cells from wild-type C57BI/6 or CD200R KO mice were
pulsed with OVA, OVA + CD200, OVA + CD200 +
CD200 inhibitor or OVA + CD200 + scrambled inhibitor.
Following 24 h incubation, cells were washed, and
purified OT-1 CD8 T cells were added. Following 48 h
incubation, supernatants were analyzed for IFN-y
production. Experiments are representative of three
separate experiments. Error bars are + SEM, asterisks
represent a statistical significance *p < 0.05, **p =
0.005 or ***p = 0.0005 determined by unpaired t-test.

ing CD200, with or without the CD200 inhibitor.
In these experiments, with the exception of TNF-a
and ILla (p = 0.07 and p = 0.12 respectively), tumor
lysates alone elicited a statistically significant cytokine
response (p = 0.003 (GM-CSEF), p = 0.012 (ILO6), p =
0.02 (CXCL9) and p = 0.006 (RANTES) compared
with no pulse controls. The CD200 inhibitor treat-
ment group achieved a statistically significant enhanced
immune response p = 0.004 (TNF-a), p = 0.001
(GM-CSF), p = 0.033 (IL1a), p = 0.015 (CXCL9), p =
0.001 (IL6) and p = 0.013 (RANTES) compared with
no pulse control and p = 0.015 (GM-CSF), p = 0.023
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Figure 4. CD200 inhibitor modifies gene expression.
Purified CD11b cells isolated from wild-type C5BI/6 mice
were pulsed with CD200 inhibitor. RNA was isolated
and analyzed by NanoString for 575 immune-related
genes. Bars represent a (A) + twofold change or (B & C)
+ 1.5-fold change.

(ILla), p = 0.015 (CXCL9), p = 0.015 (IL6) and p =
0.046 (RANTES) compared with tumor lysate groups
alone (Figures 2A-F). We observed enhanced secretion
of TNF-a when adding the CD200 inhibitor to tumor
lysates, however, these results failed to reach statistical

significance (p = 0.069).

CD200 inhibitor enhances an antigen-
specific response

To generate a tumor-specific immune response, CD8
T cells undergo priming by DC, the antigen-present-
ing cell most efficient at initiating potent CD8* T-cell
responses [2829]. Currently, the efficacy of ex vivo
derived DC immunotherapy is not well established
for human cancers [30-33]. The limited success of these
immunotherapies has been attributed to a variety of
factors, including the preparation and administration
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Figure 5. CD200 inhibitor reverses CD200 protein inhibitory signals. Purified CD11b cells isolated from wild-type
C5BI/6 mice were pulsed with a CD200 protein, CD200 inhibitor or a combination of CD200 protein and CD200
inhibitor. RNA was isolated and analyzed by NanoString for 575 immune-related genes. Bars represent a + 1.5-fold

change.

of the vaccine, the disease stage of the participants in
experimental trials, or the heterogeneous nature of
most tumors. We suggest the failure to elicit an anti-
tumor response is due to CD200 in tumor-derived
vaccines used to activate DC.

To test this, bone marrow-derived DC from wild-
type mice were pulsed with OVA + CD200 with or
without the CD200 inhibitor. Following 24 h incu-
bation, cells were washed to remove any free inhibi-
tor, then incubated with purified OT-I cells. As previ-
ously demonstrated in vivo [4], the CD200 inhibitor
blocked the suppressive effects of CD200, revert-
ing to an antigen-specific OVA immune response
(Figure 3A). OVA significantly enhanced an IFN-y
response (p = 0.007), which was suppressed with the
addition of CD200 (p = 0.009). The addition of the
CD200 inhibitor overpowered the suppressive prop-
erties of the CD200 protein, significantly enhancing
an immune response (p = 0.003), as compared with
using OVA alone. Interestingly, in these experiments,
we observed that cells pulsed with CD200 inhibitor
+ OVA significantly enhanced the immune response
(p = 0.001) (Figure 3B) compared with OVA treated
cells. These studies led us to hypothesize that the
CD200 inhibitor activates antigen-presenting cells.

CD200 inhibitor modifies gene expression

To test our hypothesis that the CD200 inhibitor acti-
vates antigen-presenting cells, CD11b cells from wild-
type splenocytes were pulsed with CD200 protein,
CD200 inhibitor or a combination of CD200 protein
+ CD200 inhibitor and analyzed by NanoString for
575 immune-related genes. All treatment groups were
normalized to no pulse controls. In these experiments,
194 immune-related genes had a + 1.5-fold change
following pulsing with the CD200 inhibitor alone
(Figure 4A-C).

When we compared all three treatment groups,
we observed that 98 genes within the CD200 pro-
tein group had an opposite response compared with
genes within the CD200 inhibitor or CD200 protein
+ CD200 inhibitor treatment groups (Figure 5A & B).
These experiments demonstrated that the CD200
inhibitor reversed the inhibitory signaling induced by
the CD200 protein.

To determine if the CD200 inhibitor activated func-
tional responses, DCs were pulsed with the CD200
inhibitor alone. These experiments revealed that the
CD200 inhibitor activated DCs, statistically enhanc-
ing the production of IL-2, TNF-q,, IL-1a., IL-6, GM-
CSF and IL-1B (p = 0.01, p = 0.02, p = 0.04, p = 0.001,
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Figure 6. CD200 inhibitor stimulates dendritic cells. (A—H) Bone marrow-derived dendritic cells from wild-type
C57BI/6 mice were pulsed with CD200 inhibitor. Following 48-h incubation, supernatants were analyzed for
chemokine and cytokine production. Error bars are + SEM, asterisk represent a statistical significance *p < 0.05 or

**p = 0.005 determined by unpaired t-test.

p = 0.004 and p = 0.02 respectively) (Figure 6A-H).
We observed enhanced CXCL9 and IL-12 produc-
tion, however, responses failed to reach statistical
significance (p = 0.055 and p = 0.32, respectively).

CD200 inhibitor enhances leukocyte
trafficking into the vaccine site

GM-CSF is often used in vaccines to enhance the infil-
tration of antigen-presenting cells into the vaccine site

for antigen uptake and presentation [34]. We found that
the CD200 inhibitor enhanced production of GM-CSF
(Figure 6G) 77 vitro. Therefore, in the next set of experi-
ments, non-tumor-bearing wild-type and CD200R KO
mice were vaccinated with tumor lysates or CD200
inhibitor alone. Twenty-four hours later, mice were
revaccinated with tumor lysates + CpG-ODN or tumor
lysates + CpG-ODN + CD200 inhibitor, respectively.
In one of the treatment groups, mice were vaccinated
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Figure 7. CD200 inhibitor enhances leukocyte trafficking into the vaccine site. Non-tumor-bearing C57BI/6 or
CD200R knockout mice were vaccinated with tumor lysates or CD200 inhibitor, either 1 or 24 h later, mice were
revaccinated with (A) tumor lysates + CpG or (B) tumor lysates, CD200 inhibitor + CpG (1 h revaccination). (C) tumor
lysates, CD200 inhibitor + CpG (24-h revaccination). 6 h later, skin from the vaccine sites was harvested and analyzed
by H&E staining. (D) Leukocytes within blood vessels in eight separate skin levels were counted. (E) In separate
experiments, mice were vaccinated with wild-type GL261 lysates or GL261 lysates void of CD200. 24 h later, mice
were revaccinated with either wild-type GL261 lysates or GL261 lysates void of CD200 + CpG. 6 h later, skin was
harvested and leukocytes within blood vessels in eight separate skin levels were counted. Error bars are + SEM,
asterisks represent a statistical significance *p < 0.05, **p = 0.005 and ***p = 0.0005 determined by unpaired t-test.

with the CD200 inhibitor 1 h prior to revaccination
with tumor lysates + CD200 inhibitor (Figure 7A-C).

6 h following revaccination, skin at the vaccine site
was harvested and analyzed for leukocyte infiltration.
No significant leukocyte infilcration was observed in
saline vaccinated controls or in CD200R KO mice vac-
cinated with tumor lysates + CD200 inhibitor (data not
shown). To quantify our results, vascular leukocytes
from eight layers of tissue were counted (Figure 7D).
These experiments demonstrated enhanced leukocyte
infiltration into the vaccine site with as lictle as 1-h pre-
vaccination with the CD200 inhibitor (p = 0.001; 1 h

and p = 0.001 24 h) (Figure 7D). Moreover, knocking
out the CD200 receptor failed to enhance leukocyte
infileration (p = 0.087).

These experiments demonstrated that while we
were capable of eliciting an immune response using
tumor-derived vaccines, the response failed to recruit
antigen-presenting cells to the site of vaccination for
antigen uptake. We next wanted to see how removing
CD200 from tumor lysate vaccines influenced leu-
kocyte infilcration. In these experiments, non-tumor-
bearing wild-type mice were vaccinated with tumor
lysate or tumor lysate void of CD200. 24 h later, mice
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Figure 8. CD200 inhibitor enhances an antitumor
response. (A) Purified CD11b cells from wild-type
C57BI/6 cells were pulsed with OVA + CD200 inhibitor.
Forty-eight hours later, cells were analyzed for CD80/86
and MHC-II expression. (B) Tumor-bearing wild-type
(solid symbols) or CD200 receptor knockout (CD200R
KO) (open symbols) mice were vaccinated in the back
of the neck with saline (black lines), wild-type GL261
tumor lysates (red lines), tumor lysates + scrambled
CD200 inhibitor (blue lines) or tumor lysate + CD200
inhibitor (green lines). 20 days post vaccination,
lymphocytes from cervical lymph nodes were
harvested, incubated for 6 h with wild-type GL261 cells
and analyzed for cytolytic activity. Asterisks represent
statistical significance *p < 0.05 determined by two-
way ANOVA.

were revaccinated with tumor lysate + CpG-ODN or
tumor lysate void of CD200 + CpG-ODN, respec-

tively (Figure 7E). As seen in the above experiments,

®

GBM - +
HUVAC + +

Figure 9. CD200 is upregulated in vascular endothelial
cells. Tissues isolated from (A) normal human CNS or
(B) glioblastoma multiforme (GBM) were analyzed

for CD200 expression. (C) Vascular endothelial cells
from normal tissue and GBM (D) breast tumor and (E)
melanoma cells were analyzed for CD200 expression.
Human endothelial cells were expanded on the bottom
of a trans-well plate. GBM cells were placed on the
top of the plates and incubated for 48 h. HUVAC were
washed and analyzed by (F) western analysis and (G)
RT-PCR for CD200 transcription.

we observed a significant infiltration of leukocytes into
the site of vaccination (p = 0.004), however, removal
of CD200 profoundly enhanced leukocyte infiltration
(p = 0.0001) (Figure 7E).
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antigen presenting cells within the vaccine site inhibiting the development of an antitumor response. (B) CD200 is solubilized from
tumors binding to CD200 inhibitory receptors on antigen-presenting cells in the draining lymph nodes inhibiting the development
of an immune response. (C) Experimental model demonstrating how the CD200 inhibitor binds to the CD200 isoform activation
receptors, over-riding the inhibitory signals of the CD200 protein. (D) CD200* endothelial cells within the vasculature bind to CD200R*
lymphocytes, differentiating them into suppressor cell populations.

CD200 inhibitor enhances an antitumor
response

In the next set of experiments, we investigated the
effects of CD200 inhibitor on the expression of costim-
ulatory molecules. In these experiments, we used the
OVA protein due to the SIINFEKL antigen’s ability to
stimulate an immune response. Purified CD11b cells
isolated from wild-type mice were pulsed with OVA
or OVA + CD200 inhibitor. Following 24-h incuba-
tion, CD200 inhibitor significantly enhanced CD80,
CD86 and MHC-II expression (p = 0.012, p = 0.028

and p = 0.038, respectively) as compared with no pulse
controls (Figure 8A). CD200 inhibitor significantly
enhanced the expression of CD80 and CD86 (p =
0.032 and 0.018, respectively) compared with the OVA
alone treatment group.

To determine whether the use of our CD200 inhib-
itor would enhance functional responses, we used an
in vivo cytolytic model to investigate the effect of
CD200 inhibitor on an anti-tumor response. In these
experiments, wild-type or CD200R KO mice under-
went intracranial inoculation as described by Olin

future science group

www.futuremedicine.com

1067



Special Report xiong, Ampudia-Mesias, Shaver, Horbinski, Moertel & Olin

et al. [35]. Mice were vaccinated with tumor lysates
with or without the CD200 inhibitor (Figure 8B).
Scrambled inhibitor was used as a control. Twenty
days post inoculation, lymphocytes from draining
cervical lymph nodes were harvested and incubated
with GL261 cells to initiate a tumoricidal response.
Two-way ANOVA revealed a statistically significant
enhancement of an anti-tumor response by lym-
phocytes with the addition of the CD200 inhibitor
(p = 0.001) (Figure 8B).

Individual analysis by Student’s t-test revealed that
tumor lysates in both wild-type and CD200R knock-
out mice with significantly enhanced anti-tumor
responses (p = 0.001 and p = 0.001) at effector:target
cell ratios of 25:1 and 50:1, respectively, as compared
with the saline treatment group. In addition, the
CD200 inhibitor group significantly enhanced anti-
tumor responses (p = 0.001, p = 0.001 and p = 0.001)
at effector:target cell ratios of 5:1, 25:1 and 50:1,
respectively, as compared with the saline treatment
group. In wild-type mice, the CD200 inhibitor treat-
ment group exhibited significantly enhanced antitu-
mor responses at effector:target cell ratios of 5:1, 25:1
and 50:1 (p=0.0001, p = 0.026 and p = 0.003, respec-
tively) as compared with the tumor lysate treatment
group. In addition, there was a significantly enhanced
anti-tumor response between CD200 inhibitor and
CD200 scrambled inhibitor control treatment groups
in wild-type mice at effector:target cell ratios of
5:1, 25:1 and 50:1 (p = 0.001, p = 0.0066 and p =
0.0018, respectively). We also observed significantly
enhanced anti-tumor responses at effector:target cell
ratios 5:1, 25:1 and 50:1 (p = 0.006, p = 0.016 and p =
0.006, respectively) between wild-type and CD200R
KO mice in the CD200 inhibitor treatment group.
No significant differences were observed between
wild-type and CD200R KO mice treated with tumor
lysates or the scrambled inhibitor. These experiments
demonstrated the ability of our inhibitor to enhance
an anti-tumor response when used in conjunction
with a tumor-derived vaccines.

CD200 is upregulated on endothelial cells

Inhibiting CD200/CD200R interactions has been
suggested as a method to enhance immunother-
apy [1136-39]. A clinical trial sponsored by Alexin
Pharmaceuticals (NCT00648739) developed a
monoclonal anti-CD200 (ALXNG6000) to block
tumor-derived CD200 expressed on B-cell chronic
lymphocytic leukemia and multiple myeloma cells
from interacting with CD200R* lymphocytes (clini-
calTrials.gov) (39]. No results have been posted in
clinicaltrials.gov. We do not anticipate that this
method will be a very efficacious therapy. Twito ez

al. [40] has demonstrated that ‘A Disintegrin And
Metalloprotease’ enzyme (ADAM28) sheds CD200
from B-cell chronic lymphocytic leukemia [40],
which would invalidate the use of an antibody to
block tumor-driven CD200—CD200R interactions.
Our preliminary data correlate with Twito’s find-
ings. We reported high transcription levels of CD200
in GBM [4], however, staining for CD200 protein
revealed that, in contrast to normal CNS, GBM have
low CD200 expression (Figure 9A & B) potentially due
to secretion.

To validate CD200 protein expression on GBMs,
human GBM were analyzed for CD200 expression
by western analysis. In contrast to normal CNS tis-
sue, there was low expression of CD200 on the
tumors. However, closer examination revealed that
GBMs increase expression of CD200 on endothe-
lial cells within the blood—brain barrier (Figure 9C).
The same CD200 expression was seen in the vascu-
lature of human breast carcinoma (Figure 9D) and
melanoma (Figure 9E). To determine the ability of
GBM to upregulate CD200, human endothelial cells
(HUVAC) were placed on the bottom of a trans-well
plate and human GBM was placed on the top. Fol-
lowing 72-h incubation, HUVAC cells were harvested
and analyzed by western immunoblot (Figure 9F) and
RT-PCR (Figure 9G) for CD200. These experiments
demonstrated that GBM induces CD200* endothelial
cells.

Conclusion

CD200 has been well described as immunosup-
pressive, making it a logical target for immunother-
apy [48.11]. We have been extensively interrogating
the multiple mechanisms by which CD200 inhibits
the development of an antitumor response. We sug-
gest that the CD200 in the tumor-derived vaccines
and the CD200 protein secreted from the tumor
micro-environment will inhibit the ability of anti-
gen-presenting cells to mount an antitumor response
(Figure 10A & B). We also argue that our CD200 pep-
tide inhibitor, through the activation of a CD200 iso-
form receptor, reverses CD200-induced suppression
(Figure 10C).

Our model is supported by studies reporting that
CD200/CD200R interactions have been character-
ized as inhibitory receptors [26,41]. CD200R contains
tyrosine motifs which signal through the recruitment
of DOC2 to distinguish the CD200R from almost all
other inhibitory receptors that have immunoreceptor
tyrosine-based inhibition motifs (42]. However, addi-
tional CD200R-like proteins have recently been iden-
tified in mice and humans [13]. Four separate CD200
receptor genes have been identified [13): CD200RI,
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CD200R2, CD200R3 and CD200R4 [41,43]. These
receptors are predicted to be associated with DNAX
activating protein, (DAP)12, known to potenti-
ate and attenuate activation of leukocytes [13.44].
Although the CD200R isoforms have not been well
characterized, Gorczynski ez al. reported that specific
peptide sequences within the CD200 protein act as
antagonists. Gorczynski hypothesizes that these pep-
tide sequences bind to one of the CD200R isoforms
that normally contribute an activation signal [4s).

Our data correlate with Gorcezynski’s hypothesis.
We suggest that our CD200 inhibitor is targeting
one of the activation isoforms of the CD200 recep-
tor. However, CD200 has multiple mechanisms
of inducing immune suppression. Following close
examination of CD200 immunohistochemistry, we
have demonstrated that CD200 is upregulated on
vascular endothelial cells (Figure 9C). CD200* endo-
thelial cells appear to be tumor-specific because the
surrounding CNS does not express CD200 in the
blood—brain barrier vasculature (data not shown).
This is an important discovery because others
have reported that tumor-CD200 expression dif-
ferentiates CD4*CD200R* cells into a suppressor
T-regulatory population (reviewed in [46]) [17]. We
suggest that CD200R-bearing leukocytes will inter-
act with CD200* endothelial cells to differentiate
CD4*CD200R* to regulatory T cells, leading to
the development of an immunosuppressive tumor
environment (Figure 10C).

Future perspective
Breaking CD200/CD200R interactions intensifies
the success of antitumor therapy (reviewed in [46]).

CD200 inhibits immune stimulation Special Report

We developed a 13 amino acid CD200 peptide
inhibitor that, given with tumor lysate, significantly
enhances immunogenicity in our glioma model, as
well as our breast carcinoma model [4]. We are now
focusing our efforts on a mechanism to overcome the
suppressive CD200* endothelial cells (Figure 9C). We
are developing a monoclonal anti-CD200R specific
for the same epitope as our CD200 inhibitor, which
we hope will block the differentiation of immune sup-
pressor cells. We hypothesize that, following T-cell
activation, systemic inoculation of the anti-CD200R
will bind the CD200R on CD200R* leukocytes. Our
preliminary data suggest that blocking CD200R will
allow CD200R leukocytes to enter the tumor micro-
environment, escaping differentiation into their
suppressive populations.
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Executive summary

response, enhancing immune escape.

CD200 inhibitor enhances immunogenicity

response.
CD200 inhibitor activates antigen-presenting cells

tumors, enhancing immune escape.
Conclusion

Tumor-derived CD200 in vaccines inhibits an anti-tumor response

e Tumor-derived vaccines are widely used for solid tumor immunotherapy.

e Tumor-derived vaccines contain immunosuppressive proteins.

e CD200/CD200R interaction is an immune checkpoint manipulated by tumors and suppressing an immune

CD200 inhibitor blocks immune suppression from tumor-derived vaccines
e CD200 peptide inhibitor blocks the suppressive effects of CD200 in tumor-derived vaccines.
e CD200 inhibitor enhances leukocyte infiltration into the vaccination site.

e Tumor lysate combined with the CD200 inhibitor significantly enhances the development of an anti-tumor
e CD200 inhibitor acts as an agonist activating antigen-presenting cells, enhancing immune activation.

CD200 is upregulated on vascular endothelial blood vessel cells
¢ Glioblastoma multiforme, breast tumors and melanoma upregulate CD200 on endothelial cells surrounding

e CD200 is a major limitation for the development of an anti-tumor response.
e CD200 peptide inhibitor may be used to enhance solid tumor immunotherapy.
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