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Abstract

T cells compete against each other for access to molecules on antigen presenting cells (APC) in
addition to peptide:MHC complexes. However, the identity of cell surface molecules that
influence T cell competition, other than peptide:MHC, have yet to be defined. Here we identify
CD70, a TNF ligand expressed on activated APCs, as an important mediator of T cell competition
for APCs. Upon engagement of CD27 by CD70, CD27 is proteolytically cleaved from the surface
of the interacting CD8+ T cell and captured by CD70 expressing dendritic cells. The capture of
CD27 effectively masks CD70 on APCs, disallowing the interaction with CD27 on other
competing T cells. Collectively, our data indicate that T cells compete against each other for
access to the TNF-ligand CD70, an interaction that affects the duration and potency of T cell:DC
interactions, thus influencing the repertoire of responding CD8+ T cells to self or foreign antigens.

Introduction

The ability to respond to self and foreign antigens requires a network of signals between
antigen presenting cells (APCs) and responding T lymphocytes. The host typically contains
a spectrum of T cells, ranging in frequency from a few hundred to a few thousand antigen
specific T cells in the unprimed repertoire[1, 2]. Despite this diversity of antigen specific T
cells, often it is only a limited repertoire of T cells that dominates the response to any
antigen challenge[3]. The process by which T cell receptor diversity is limited following
antigen exposure is known as clonal dominance[4]. Though we do not fully understand how
clonal dominance is achieved, the timing of antigen expression, efficiency of antigen
processing by the proteasome, epitope affinity for MHC, abundance of surface
MHC:peptide, and TCR affinity for MHC:peptide are all known to contribute in various
ways[5]. One specific mechanism of clonal dominance centers on competition between T
cells for access to the MHC:peptide complexes on the APC surface[6, 7]. We [7] and others
[8, 9] have demonstrated that T cells can alter the level of MHC:Peptide complexes on the
surface of the APC which could change the efficiency by which one clone dominates the
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response. However, it has been additionally shown that T cells of different antigen
specificities can also compete against each other for factors produced by APCs that are
independent of MHC:Peptide complexes[10, 11]. Collectively these studies indicated that T
cells compete against one another for some aspect of the APC surface that is independent of
antigen specificity. Prior to the work presented herein, none of these competitive factors
have been identified.

CD27 is a TNF receptor super-family member expressed uniformly by naive T cells and in
selective memory T cell subsets. Its ligand, CD70, is expressed by activated APCs and some
cases on activated lymphocyte subsets[12]. Though originally described as a primary
costimulatory molecule [13], its function has been refined to acting more as a “signal 3”
mediator, enhancing T cell survival during the early phases of clonal expansion and
differentiation into effectors[14, 15]. More recently, it was shown that T cells with lower
affinity for nominal antigen require CD27 stimulation to participate in the response, such
that in the absence of CD27, only high affinity T cells survive and differentiate into effectors
and eventually memory[16]. These data suggest a mechanism by which limiting access of T
cells to CD70:CD27 interactions would result in a more limited repertoire of responding T
cells, ie. a greater degree of immunodominance.

Herein, we show that CD27 on naive T cells is proteolytically cleaved from the T cell
surface upon interaction with a CD70 bearing APC. Surprisingly, the cleaved CD27 remains
bound to the CD70 expressed on the APC surface, effectively blocking its interaction with
CD27 on any subsequently interacting T cell. Consistent with the conclusion that this
contributes to immunodominance, CD27~/~ T cells are unable to clonally dominate the
response to antigen against T cells of similar specificity. These data highlight a novel, non-
MHC associated mechanism by which a given T cell restricts the response of neighboring T
cells, ultimately contributing to the formation of immunodominance and T cell clonal/
affinity maturation.

T cell surface expression of CD27 modulates CD70 and vice versa

We have published extensively on the use of a combined adjuvant, consisting of polyl:C and
an agonistic CD40 antibody (PolylC/aCD40), which elicits robust CD4 and CD8+ T cell
responses after a single vaccination [17-19]. Our previous data demonstrated that a
combined TLR/CDA40 agonistic vaccination is able to induce an increase in CD70 expression
on resident DC populations of 5-10 fold above resting levels[19]. Twenty-four hours after
polylC/aCD40 immunization and increased CD70 expression on the APCs, we observed a
significant decrease in CD27 staining on bulk CD8+ T cells (Fig 1A and B). This was
unexpected as this immunization ultimately leads to T cells with increased expression of
CD27 [20]. Closer examination using CD70 deficient (CD707/") mice revealed that the
decrease in CD27 staining on CD8+ T cells was CD70-dependent (Fig 1A). Indeed, CD8+ T
cells in CD707~~ mice showed a slight, but significant, increase in CD27 expression (Fig 1B)
consistent with in vitro stimulation assays[18]. These data suggested that, early after
immunization, surface detection of CD27 was being regulated by its ligand, CD70.
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The use of both CD707~ and CD27~/~ mice as controls in the experiments described above
revealed a second surprising finding; expression of CD27 by T cells also affected the
detection of CD70 on the surface of the DC. When CD70 levels on DCs were compared
between WT and CD27~/~ mice, cells from CD27~/~ mice had increased CD70 staining 24
hours after PolylC/aCD40 immunization. Importantly, the increase in CD70 staining on
CD8* DCs from CD27~/~ mice occurred at the same time point as the decrease in CD27
staining on T cells in WT mice (Fig 1C). To more closely examine the loss of CD70 staining
on DCs, we utilized an in vitro system, co-culturing SIINFEKL-pulsed, activated BMDCs
(Fig 1D and E) or splenic DCs (not shown) with WT or CD27~/~ OTI T cells. OTI T cells
reduced the detection of CD70 on the surface of the DCs (Fig 1E) in a manner directly
related to CD27:CD70 interactions as reduced CD70 staining was not observed in the
presence of either an antibody that blocks CD27 binding to CD70 (hatched bar/dotted
histogram) or in the presence CD27-deficient OTI T cells (shaded bar/histogram).
Consistent with the in vivo data (Fig 1A), the loss of CD70 staining on the DC was largely,
though not exclusively, antigen dependent, since co-culture of SIINFEKL pulsed DCs with
transgenic T cells specific for HSV glycoprotein B (gBT-1 T cells) resulted in only a limited
loss of CD70 staining as compared to co-culture with OT1 T cells (Fig 1F). Thus, while the
loss of CD70 staining can be seen between T cells and APCs interacting in an antigen non-
specific fashion, this is dramatically increased under conditions of antigen specificity.
Collectively, the data indicate that the detection of CD27 on CD8+ T cells is reduced in the
presence CD70-bearing APCs and vice versa.

CD27 is proteolytically cleaved from T cells and binds to CD70 on DCs

There are two mechanisms by which CD27-CD70 interactions might lead to the loss of both
molecules from their respective cell surfaces; down modulation or proteolytic cleavage.
While CD27-mediated down modulation of CD70 from the surface of APCs has been
reported previously [21], the identification of soluble CD27 (sCD27) in clinical settings[22—
26] and in vitro cultures[27, 28] indicate that cleavage of CD27 from the cell surface also
can occur. With these results in mind, we postulated that our data could be explained
through an exchange of cleaved, sCD27 between the interacting T cells and APCs. If sCD27
were to remain bound to the CD70 on the cell surface of the APC, it would effectively block
detection by the CD70 antibody used in our experiments. If true, then we speculated that we
should not only observe sCD27 bound to CD70 expressing APCs, we should also regain
detection of CD70 on the APC surface by using protease inhibitors to stop the cleavage of
CD27.

To address whether CD27 is transferred from the surface of T cells to APCs we utilized a
co-culture system in which CD27~/~, SIINFEKL-pulsed BMDCs were induced to express
CD70 and then incubated with WT or CD27~/~ OT1 T cells with or without an antibody that
blocks CD27/CD70 interactions (RM27). 18-24 hours later, the BMDC/OT1 co-culture was
stained with a different (non-competing) antibody against CD27 and analyzed by flow
cytometry. Using this assay we found that the loss of CD27 by T cells occurs concurrently
with the appearance of CD27 fluorescence on the APCs (Fig 2A and B). This was not
because the BMDCs expressed CD27 as they were derived from CD277~/~ bone marrow.
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Furthermore, detection of CD27 on the DCs was abrogated by the addition of RM27,
indicating the ligand-dependency of DC CD27 staining (Fig 2B).

These data are only consistent with the interpretation that CD27 was cleaved from the T cell
and transferred to the DC in a CD70-dependent fashion. Using spinning disc-confocal
microscopy, we were able to directly visualize CD27 on the surface of APCs following the
in vitro co-culture. In these experiments we incubated WT OT1 T cells with either WT or
CD707/~ antigen pulsed BMDCs. We again found that CD27 was transferred from the
surface of T cells to APCs in a CD70 dependent manner (Fig 2C and D). Finally, using
protease inhibitors against matrix metalloproteinase 8 (previously shown to cleave CD27
into a soluble form [28, 29]), we blocked the loss of CD27 staining from the surface of T
cells and the subsequent acquisition of CD27 staining on the APC (Fig 2E). Taken together,
these findings identify a novel mechanism by which the expression of the TNFR-family
member CD27 is regulated on the surface of T cells in a ligand-dependent manner; namely
that by interacting with its ligand, CD27 becomes susceptible to MMP-mediated cleavage
from the surface of the T cell into a soluble form which then remains bound to CD70
expressed on the APC cell surface.

CD27 expression confers a competitive advantage to CD8+ T cells

Transferred TCR transgenic T cells into a recipient host in increasing numbers have been
well documented to compete against (ie. suppress) the response of the endogenous pool of
antigen specific T cells, ultimately dominating the response to antigen [6, 30]. Our data
above suggest that access to CD70 could be a primary determinant by which these
transferred cells compete. Manipulating access to CD70 through the shedding of CD27
could effectively block CD27 stimulation on subsequently interacting (endogenous) T cells.
If this is a means by which the transferred T cells compete against the endogenous
repertoire, then the transfer of CD27~/~ T cells should poorly compete against endogenous T
cells with the same or similar specificity. To explore this hypothesis, congenically marked
(CD45.1+) WT and CD277/~ OT1 T cells were adoptively transferred into WT recipient
hosts in increasing numbers (Fig 3A). The recipient mice were immunized with LPS-
activated BMDCs that were pulsed with antigens against which the transferred T cells had
either high (SIINFEKL-N4) moderate (SAINFEKL-A2) or low (SIYNFEKL) affinity. Six
days after DC immunization, the transferred T cell (CD45.1+) and endogenous T cell
(CD45.2+) responses were monitored by MHC tetramer (Fig 3B), with the tetramer staining
corresponding to the immunizing peptide. Thus, the endogenous N4-specific T cell response
was monitored in the mice injected with N4-pulsed BMDCs, the endogenous A2-specific T
cell response was monitored in mice injected with A2-pulsed BMDCs, and the endogenous
Y 3-specific response was monitored in mice injected with Y3 pulsed BMDCs.

Consistent with published data [31], WT OT1 T cells competed effectively against either
endogenous N4-specific, A2-specific, and Y 3-specific T cells, observed as a decrease in the
number of antigen specific endogenous T cells as the transferred cell number increased (Fig
3C-E). In contrast, CD27-/- OT1 cells were poorly competitive against endogenous T cell
responses regardless of the affinity of peptide presented to them (Fig 3C-E). Given its low
affinity for the Y3 ligand, competition against the endogenous Y3 response required the
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transfer of increased number of WT OT1 cells (Fig 3E, note OT1 transfer numbers).
However, even at this higher number of transferred T cells, the CD27~/~ OT1s failed to
compete against the endogenous Y3 specific T cell response relative to their WT
counterparts (Fig 3E).

It is important to reiterate that the results in Figure 3 are of the endogenous response, not of
the transferred OT1 T cells. Thus the unexpected finding is that CD27—-/- T cells fail to
compete effectively against (clonally dominate) the endogenous responders. This inability to
clonally dominate the response was not related to the expansion and/or survival of the
competing CD27-/- OT1 T cells for a number of reasons. First, the number of CD277/~ OTI
T cells is the same as the WT T cells over the course of the early events in T cell activation
(through day 4), even under conditions of maximal DC CD70 expression [19] (supplemental
Fig 1). This is also consistent with the data in the literature from Van Lier and colleagues
showing that high affinity T cells do not require CD27 signaling for their survival [16].
Second, previous data showed that competition between T cells occurs within the first 24
hours after immunization/antigen encounter [11]. This is in agreement with the time frame
in which CD27/CD70 interactions impact the magnitude of the T cell response [19].
Because CD27-/- OT1 T cell numbers are the same as WT OT1 T cells during the time
points of maximal CD27-CD70 interactions and competition with the endogenous
repertoire, we conclude that differences in competing T cell numbers cannot explain the
differences in endogenous responders observed in Figure 3. Finally, statistical differences in
competition between WT and CD27~/~ OT1 T cells were eliminated when immunizing with
CD70~~ BMDCs (Supplemental Fig 2), further focusing the capacity of a T cell for clonal
dominance on CD27/CD70 interactions. Thus, over a broad range of TCR affinities for
antigen, CD27-CD70 interactions influence the capacity of T cells to compete against each
other in the presence of antigen bearing APCs.

Discussion

Our data, in combination with published reports, support a model by which a T cells’
response can be suppressed as a result of the proteolytic cleavage of CD27 from a
neighboring T cell. The resulting soluble form of CD27 then binds to and blocks CD70 from
productively providing a co-stimulus to membrane associated CD27 during subsequent T
cell interactions. These data finally provide a mechanistic underpinning for how T cells
compete against each other outside of peptide:MHC interactions. While T cells specific for a
given antigen can compete against each other for access to peptide:MHC complexes,
previous data indicated that T cells also compete for APC factors other than peptide:MHC
[6, 7]. Since the discovery of this form of T cell competition, a number of lines of evidence
suggested that CD70 might be one of these factors. First, the experimental models
examining T cell competition have used either vaccination (anti-CD40-based adjuvants,
BMDC:s) or infectious challenge (VV, LM) in which the T cell responses to all of these
forms of immunization are dependent upon the expression of CD70[32]. Second, T cell
competition for access to DCs was shown to occur within 24 hours of initial
immunization[11], a time frame similar to that observed for the costimulatory function of
CD70 in instigating T cell immunity[19]. Lastly, CD27 influences the recruitment of lower
affinity T cells into an active immune response[16], indicating that T cells without access to
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CD70 may be at a competitive disadvantage relative to T cells with access to CD70. Our
data presented here now provide the mechanism by which access to CD70 can be
manipulated by specific T cell clones, ultimately resulting in immunodominance following
infection or vaccination.

It is worth noting that inverse correlations of CD27 and CD70 have been previously reported
with the conclusion that CD70 is down-modulated by interaction with CD27 [21]. However,
those data were derived mainly by examining DC CD70 staining in the presence or absence
of a CD27 antibody, an antibody we now know can block the acquisition of cleaved CD27
by the CD70-expressing APCs. Indeed, actual internalization of CD70 by DCs was only
shown using a CD70 antibody and was not shown in response to added soluble CD27. Thus,
it is possible if not likely that at least some of the previously published data can be explained
as a result of the CD27 cleavage mechanism we document here rather than down-
modulation of CD70 on the APC.

The data we show here document a role for CD27 in the suppression of competing T cells
responses. However, a positive role for sCD27 in augmenting tumor specific T cell
responses has been suggested [33]. In this report, the addition of sSCD27 to in vitro T cell
cultures increased their proliferative response and survival, and their expression of
activation markers. In addition, a positive correlation between patient prognosis and high
levels of sCD27 in the serum was identified. However, the majority of reports documenting
sCD27 do so during a host of diseased states [22, 25, 26, 28, 34-37], and collectively are
consistent with the conclusion that SCD27 inhibits effective T cell function. Though it is
unclear how a positive role for sCD27 may fit in with the larger conclusions from the
literature, our observation that the production of SCD27 requires interaction with CD70 may
again offer a solution to explain both positive and negative prognostic value of patient serum
sCD27. Our data (Fig 2) suggest that the CD27:CD70 interaction must render the CD27
more accessible or susceptible to MMP proteolytic activity and thus production of more
sCD27. While the cleavage of CD27 is dramatically enhanced in an antigen specific
interaction between the T cell and APC, our data also show that non-antigen specific
interactions in vitro (Fig 2F) and in vivo (Fig 1A) can also result in CD27 cleavage and
CD70 masking. While increased CD70 expression can rescue T cell tolerance against
chronic infections and cancer [38, 39], chronic CD70 expression results in clonal deletion
and tolerance [40, 41]. Thus, serum sCD27 would simply be a proxy for increased patient
CD70 expression, the prognostic benefits of which would have to be empirically
determined, likely dictated by the immune status of the patient and their degree of immune
exhaustion.

Given this important role for CD70/CD27 interactions in reversing tolerance [38, 39], our
data provide further incentive to explore the use of agonistic CD27 antibodies in the clinic
for treatment against chronic infections and/or cancer. The high levels of sCD27 observed in
many of these diseased states, in conjunction with our data shown above, suggest that
masking of DC CD70 might be a means by which the maintenance of endogenous responses
are further compromised. Though membrane associated CD27 would be expected to interact
with CD70 with an overall higher avidity than sCD27, the fact that the binding of SCD27 on
CD70 expressing DCs is stable enough to be seen in vitro and direct ex vivo (Figure 2) and
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influences a T cells capacity for competition (Figure 3) suggests that SCD27 is capable of
disruption of mCD27 ligation and signaling. Indeed, the levels of sCD27 observed in
patients might well bind the CD27-specific antibody that is currently under clinical
development [42-44], effectively distracting it from its intended role in augmenting T cell
survival and function. Our data suggest that an investigation into the capacity of CD27
antibodies for binding SCD27 rather than membrane associated CD27 is warranted.

Finally, it remains to be determined whether this novel function for soluble CD27 in
blocking productive DC:T cell interactions will be useful or detrimental in the setting of
vaccination. On the one hand, the preferential response of higher affinity T cells, which
CD27 shedding seems likely to facilitate, would be an advantage in the protection against a
specific infection. However, lower affinity responses to a specific antigen also have
increased cross reactivity to related antigens [16], important in a setting such as vaccination
against influenza where cross protection against disparate strains is much preferred. Thus,
CD27 shedding might be detrimental in this context and immunization strategies should be
explored to take this into account. Given the importance of TNFR in dictating the course of
T cell responses in general, and the propensity of these molecules for proteolytic cleavage,
our data suggest a closer examination of other TNFR superfamily members is in order with
respect to their influence on T cell responses after productive interaction with their
respective ligands and outside of their proximal signaling events.

Materials and Methods

Mice

Wild-type C57bl/6 mice were purchased from the National Cancer Institute or Jackson labs.
CD707/~ mice were made from knockout ES cells obtained through the KOMP (Knock Out
Mouse Project) (University of California, Davis CA). Microinjections into albino B6 were
performed by the National Jewish Mouse Genetics Core facility. Chimeric founders were
bred and germline transmission of the knockout allele confirmed by PCR. CD277/~ mice
were a kind gift from Jannie Borst (The Netherlands Cancer Institute, Amsterdam). OT-1
TCR transgenic mice specific to the SIINFEKL peptide of ovalbumin (OVA257-264) in the
context of H-2KP were purchased from Jackson labs and bred in house. gBT-1 (GBT) TCR
transgenic mice specific for the SSIEFARL peptide of herpes simplex virus glycoprotein B
(HSV-1gB 498-505) in the context of H-2KP, were a kind gift from Bill Heath (University
of Melbourne).

Dendritic cell isolation

Dendritic cells were harvested from the spleen of mice 18-24 hours post immunization with
50ug polyl:C and 50ug aCD40 given intraperitoneally in phosphate buffered saline (PBS) as
described in [19]. Briefly, spleens were macerated using forceps and digested at 37 degrees
Celsius (C) with collagenase and DNAse (Worthington, Lakewood, NJ) in EHAA media
without L-glutamine (GIBCO, Grand Island, NY) for 45 minutes. The digestion was stopped
with 0.1M EDTA in Hank’s buffered saline solution and incubated for 5min at 37 degrees C.
Single cell suspensions were made by pushing residual tissue pieces through a screen and
washed with 5mM EDTA in EHAA. Following ACK (Ammonium-Chloride-Potassium)
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lysis cells were washed and stained with CD11c clone N418, CD8 clone 53-6.7, CD11b
clone M1/70 (eBioscience, San Diego, CA), CD27 clone Lg.3A10 and CD70 clone FR70.
All antibodies were purchase from Biolegend (San Diego, CA) unless otherwise stated.
Cells were run on the DakoCytomation CyAn ADP flow cytometer (Fort Collins, CO) and
acquired using Summit acquisition software. Gating strategy for the identification of CD8+
and CD11b+ splenic DC subsets, as well as for the identification of CD8+ T cells, is shown
in supplemental Fig 3. FlowJo software (Tree Star, Ashland, OR) was used to analyze flow
cytometry data and cells were counted using a ViCell (Beckman, Coulter, Brea, CA).

In vitro co-culture assays

Bone marrow derived dendritic cells (BMDCs) were grown as described previously [6].
Briefly, bone marrow was isolated from the femur of WT or CD70-/- mice and cultured for
6-7 days in MEM and 1000U/ml of GM-CSF (from B78Hi/GMCSF.1 cell line provided by
Dr. Hyam Levistsky, Johns Hopkins, Baltimore, MD). Every two days non-adherant cells
were removed from the cultures and the resulting conditioned medium was replaced with
half fresh media containing 2 times the GM-CSF and half conditioned medium. On day 6
BMDCs were matured with 1ug/ml of LPS or 50pg/ml polyl:C and 50ug/ml aCD40 for 18—
24 hours. When peptide was used, either SIINFEKL or SSIEFARL, the peptide was added
in the last 1.5 hours before washing. BMDCs were washed at least 3 times. Concurrently,
OT1 or gBT, mice were sacrificed and spleens removed for CD8 T cell isolation using
negative selection with the Miltenyi (Miltenyi, Auburn, CA) or Stem Cell Technologies
(Vancouver, BC) Kits as described previously [45]. DCs and T cells were mixed at a ratio of
1:10, respectively. 4, 8, or 16 hours post co-culturing of DCs and T cells into wells both DCs
and T cells were stained for expression of canonical markers as well as CD27 and CD70 as
described above. Antibodies used for T cell analysis were B220 (clone RA3-6B2) and CD8
(clone 53-6.7) from Biolegend. Antibodies for DC analysis were CD11c clone N418
(Biolegend), CD8 clone 53-6.7 (Biolegend), and CD11b clone M1/70 (eBioscience, San
Diego, CA).

Spinning disk microscopy

In vitro co-cultures were prepared as above with the following exceptions. After BMDCs
and OT1 T cells were isolated each cell type was labeled with a vital dye. BMDCs were
labeled with 1uM carboxyfluorescein succinimidyl ester (CFSE) (Life Technologies, Grand
Island, NY) in PBS for 10 minutes at 37 degrees C. OT1 T cells were labeled with 5uM (5-
(and-6)-(((4-chloromethyl)benzoyl)amino)tetramethylrhodamine (CMTMR) (Life
Technologies) for 20 minutes at 37 degrees C. The labeling was stopped by adding complete
media (MEM with 10%FBS). 2—4 hours after co-culture all cells were stained for 30 minutes
with an antibody against CD27 conjugated to APC. After washing, cells were fixed with 1%
paraformaldehyde with 4% sucrose for 10 minutes. Cells were then placed on a slide and
liquid was removed by spinning the cells onto the slide for 5 minutes at 1000RPM. Cells
were visualized using a 3i Olympus spinning disk confocal microscope (Olympus, Waltham,
MA) with a 40x oil objective and analyzed with slidebook software. This experiment was
repeated 3 times with similar results.
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Blocking Antibodies and Inhibitors

RM27, specific for CD27, and FR70, a CD70 blocking antibody, were obtained from Hideo
Yagita. Both antibodies were used at 10ug/ml in vitro. MMP8 inhibitor was purchased from
Calbiochem (Millipore, MA) and used at 50ug/ml in DMSO.

T cell Competition Assay

Congenically labeled (CD45.1/2) WT or CD27—-/- OT1 T cells were isolated as described
above using a CD8 negative selection kit. 500-50000 OT1 T cells were transferred
intravenously into mice. BMDCs were isolated and grown in vitro as described above. On
day 7 after culture BMDCs were removed from the dish by vigorous pipetting and matured
with LPS (1pg/ml) for 2.5 hours in a 50ml conical tube. During the last 1.5 hours of LPS
treatment peptide was added at a concentration of 10ug/ml. The day after OT1 transfer 0.5
1x10% matured, peptide loaded, BMDCs were used to immunize mice intravenously. 5-6
days after BMDC immunization mice were sacrificed and spleens were harvested. Spleens
were processed using glass slides to grind up tissue and ACK to lyse red blood cells. After
washing, cells were counted on a ViCell (Beckman Coulter, Brea, CA) and ~3x10° cells
were stained with peptide specific MHC class | tetramer in media containing 2.5% FBS at
37 degrees C for 1.5 hours. In the last 0.5 hours of tetramer staining antibodies against CD8,
B220, CD44, CD45.1, and CD27 were added. Cells were run on the DakoCytomation CyAn
ADP flow cytometer (Fort Collins, CO) and acquired using Summit acquisition software.
FlowlJo software (Tree Star, Ashland, OR) was used to analyze flow cytometry data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CD27 and CD70 regulate surface expression of their respective binding partner
A.WT, CD707~, or CD27~/~ T cells were immunized with 50pg polyl:C and 50 pg aCD40

intraperitoneally (polyl:C+aCD40) or not at all (naive). 24 hours later mice were sacrificed
and T cells were isolated from spleens. Shown is the expression of CD27 of B220~, CD8*
cells from indicated mice. (see supplemental Fig 3 for CD8+ T cell gating strategy) B.
Geometric mean fluorescence intensity (gMFI) of CD27 expression on B220~, CD8" T cells
from mouse groups described in A where gray bars are naive and white bars are polyl:C
+aCD40 activated BMDCs. C. Dendritic cell activation 24 hours post immunization as in A
and B. CD70 gMFI from WT (black bars), CD27~/~ (white bars), and CD70~/- (gray bars)
was calculated from CD11c*, B220~, CD11b~, CD8™ cells using flow cytometery. (see
supplemental Fig 3 for DC gating strategy) D. CD70 expression profile of LPS activated
bone marrow derived dendritic cells (BMDCs) co-cultured with WT (white histogram),
CD277/~ (gray histogram), WT+ RM27 (CD27 blocking antibody) (dashed line) or without
T cells (black histogram). E. Quantitation of CD70 gMFI from D. F. BMDCs activated with
LPS and pulsed with either SIINFEKL (OT1 peptide) were co-cultured with CD8 T cells
specific for SIINFEKL (OT1) or specific for SSIEFARL (GBT) or without T cells. Shown is
the percent of maximum CD70 gMFI calculated from BMDC:s at the respective time point
without T cells. Each experiment was performed with at least three replicates per group and
more than four independent times with similar results. Data shown is from representative
experiments. Data shown is the mean +/-SEM. Asterisks represent values that are
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significantly different using a students t-test with a p-value less than 0.05. Only values that
were significant across experiments are shown with an asterisk.
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Figure 2. CD27 isproteolytically cleaved from the surface of T cellsin a CD70 dependent
manner

A. CD277/~ BMDCs were matured in vitro with either LPS or aCD40/PolyIC and pulsed
with the SIINFEKL peptide and then co-cultured with WT OT1 T cells (white histogram),
CD277~ OT1 T cells (gray histogram), WT OT1 T cells plus the blocking antibody RM27
(dashed line), or without T cells (black histogram). BMDCs were stained for the acquisition
of CD27 and shown are the flow cytometry histograms. B. Quantitation of groups shown in
A. C. WT and CD70~~ BMDCs were matured with LPS and pulsed with SIINFEKL as in A
and B. BMDCs were then labeled with CFSE (green) and OT1 T cells were labeled with
CMTMR (blue). 2-6 hours after co-culturing labeled OT1s with BMDCs cells were stained
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with an APC conjugated CD27 antibody (red) and paraformaldehyde fixed before
visualizing on a spinning disk microscope. White scale bar is 10um in length. The image
was captured with a 40x objective. D. Microscope slides were divided into sections and
imaged. Fold increase in CD27 staining over BMDCs cultured without T cells was
calculated using based on all images for both WT and CD70-/- BMDCs. E. As above,
matured BMDCs were co-cultured with T cells in the presence or absence of an MMP8
inhibitor or a CD70 blocking antibody. 18-24 hours later the T cells were stained with
aCD27 antibody and the MFI compared to the aCD27 MFI on T cells before incubation
with BMDCs (pre). Each experiment was repeated three or more times with at least three
replicates per group with similar results. Data shown are representative of these
experiments. Data shown is the mean +/-SEM.One asterisk represents differences with a p-
value less than 0.05, three asterisks represent a p-value less than 0.001 by student’s t test.
Only values that were significant across experiments are shown with an asterisk.
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Figure 3. The CD27:CD70 interaction influencesimmunodominance
A. Schematic of experimental design where WT or CD277~ OT1 T cells were transferred

into mice 18-24 hours before immunization with LPS matured peptide-pulsed WT BMDCs.
5-6 days post immunization mice were sacrifice and stained with peptide specific tetramer
to evaluate the ability of endogenous peptide specific T cells to compete with the transferred
cells. B. Example flow plots of the frequency of endogenous (CD45.2) tetramer staining
cells over the course of 500-5000 transferred WT OT1 T cells (CD45.1). Numbers in lower
right quadrant represent the percent tetramer staining T cells out of total endogenous T cells.
The staining and gating strategy shown was used in the calculation of endogenous T cell
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numbers in C-E. C. Total number of endogenous SIINFEKL specific T cells after
SIINFEKL loaded BMDC immunization followed by no OT1 T cell transfer (white bar),
500 WT or CD27-/- OT1 T cells transferred (light gray bars), 1000 WT or CD27-/- OT1 T
cells transferred (medium gray bars), or 5000 WT or CD27-/- OT1 T cells transferred.
Cells were visualized using flow cytometry and gated on B220-, CD8+, CD44+, tetramer+
cells and the congenic marker as described in part B. This experiment was done more than
ten times with 3—7 mice per group. D. Total number of endogenous SAINFEKL specific T
cells post SAINFEKL loaded BMDC immunization. Done exactly as described in C and
repeated at least four times with 3—7 mice per group. E. Total number of endogenous
SIYNFEKL specific T cells after SIYNFEKL loaded BMDC immunization followed by
OT1 T cell transfer of 0 (white), 5000 (light gray), 20000 (dark gray), or 50000 (black) cells.
Experiments in part E were repeated at least twice with 3 mice per group with similar
results. All experiments in the figure are representative and one asterisk represents
statistically significant differences in the lines as evaluated by two-way ANOVA with a p
value <0.05, two asterisks represent a p-value <0.01. Data shown is the mean +/-SEM.
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