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Abstract

vd T cell subsets, defined by their VVy chain usage, have been shown in various disease models to
have distinct functional roles. While a role for total y3 T cells in collagen-induced arthritis (CIA) has
been studied, the y6 T cell subsets involved have not been well characterized. Therefore, we examined
the two main peripheral y& T cell subsets, the Vy1* and Vy4* cells, and found that both subsets
increased in number during CIA, but only the Vy4™* cells were activated. Mice depleted of Vy4* cells
showed a significant reduction in total IgG and 1gG2a anti-collagen antibodies, disease severity, and
incidence of arthritis. Surprisingly, the VVy4* cells appeared to be antigen-selected, based on
preferential Vy4/Vd4 pairing and very limited TCR junctions. During the height of their activation,
in both the draining lymph node and the joints, the vast majority of the Vy4/V84* cells produced
IL-17, which may explain their pathogenicity.

Collagen-induced arthritis (CIA) is a murine model of chronic inflammation that shares many
hallmarks with rheumatoid arthritis (RA) (reviewed inl). For example, there is a strong
association with the MHC Class Il allele HLA-DR4 (DRB1*0401) in humans and A9 in
mice2:3 and both class 11 molecules bind the same immunodominant collagen type 11 (CII)
peptide®. In addition, anti-collagen antibodies play a critical role in the development of CIA
(reviewed in1) and complement-fixing IgG2a has been shown to dominate the anti-collagen
respon%e and be essential for pathogenesis®. Finally, af T cells have been shown to be essential
in CIA®,
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There is also evidence that y5 T cells play a role in CIA”8. y5 T cells are resident in the
synovium of mice and their proportion in the joints rises dramatically when mice develop
CIA”8. Additionally, y5 T cells are increased in the peripheral blood and synovium of patients
with RA%-11, However, studies in mice genetically deficient for T cells have shown that y& T
cells are neither necessary nor sufficient for the development of CIAS. Yet, when mice were
temporarily depleted of y3 T cells, an effect on disease was noted. Depleting mice of yd T cells
prior to immunization with Cl1 significantly delayed the onset of arthritis and severity. In
contrast, antibody administered 40 days after the immunization resulted in rapid and severe
exacerbation of CIA”. This differential effect on the development of CIA could be explained
if distinct yd T cell subsets were involved.

Previous studies have demonstrated that the two main peripheral v T cell subsets12:13, vy1
and Vy4, have different functional roles in various disease models (reviewed in14). In the CIA
model, we found while both Vy1* and Vy4™ cells increased, only the Vy4* cells were activated,
as measured by surface marker expression. Depletion of Vy4* cells during CIA resulted in less
severe disease indicating a pathogenic role for these cells. Because the proinflammatory
cytokine, IL-17, has been shown to play an important pathogenic role in autoimmune diseases
such as experimental allergic encephalomyelitis (EAE) and CIA (reviewed in1®), we also
examined whether yd T cell subsets could produce IL-17. We found that the vast majority of
the responding Vy4* cells produced IL-17 and co-expressed V&4. Sequence analysis revealed
limited y and & junctional regions, indicating that these cells were antigen-selected.

yd T cell subsets respond differentially in CIA

To further define the role of y3 T cells in CIA, we analyzed the two main lymphoid y5 T cell
subsets in mice on various days after collagen/CFA injection. Nine days after the first injection,
total y5 T cells were increased approximately three-fold when compared to untreated mice (day
0) (Fig. 1a). Within 3-4 days following the second immunization, total y5 T cells increased
again (Fig. 1a). The responses of both the Vy1* and Vy4* v8 T cells mirrored that of total y§
T cells, and both increased in numbers to approximately the same degree after the first collagen/
CFA injection. However, VVy4* cells increased rapidly after the second injection, while Vy1*
cells increased more slowly and less vigorously (Fig. 1b).

The loss of CD62L and CD45RB expression along with the gain of CD44 have been shown
to correlate with op T cell activation/memory16. Therefore, we also stained the y& T cell subsets
for these markers at various time points after CII immunization. As shown in Figure 1c, the
percentage of Vy4* cells that expressed high levels of CD44 increased (more than 10 fold)
within the first 9 days of the disease course. A reciprocal loss of CD62L and CD45RB
expression was also seen. These “activated” cells were transient and returned to near-baseline
levels during the first three weeks of the disease process. Following the second immunization,
the percent of “activated” Vy4" cells again increased. In contrast, Vy1* cells exhibited little
change in expression of CD44, CD45RB and CD62L, even though Vy1* cell numbers increased
during CIA (Fig. 1c). Therefore, the VVy4* subset appeared to be specifically responsive to the
immunizations, whereas the Vy1* subset did not.

Vy4* y& T cells are pathogenic

In order to determine the contribution of the Vy1* and Vy4" subsets to the development of
CIA, mice were injected intravenously on day 17 with an anti-Vy4 mAb or anti-Vy1 mAD, to
deplete the Vy4* or Vy1* subset, respectively, before the second injection of collagen/CFA.
A control group of mice, injected with hamster 1gG, was included in each experiment. Less
than 1% of the relevant subset remained detectable in the blood after depletion (data not shown).
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As shown in Figure 2a, Vy4-depleted mice showed significantly less clinical disease as
compared to control mice. In contrast, clinical disease scores were not significantly changed
in Vyl-depleted mice (Fig. 2b). The overall incidence of disease was also lower in the Vy4-
depleted mice butnot in the Vy1-depleted animals (Fig. 2c). On day 41, the mice were sacrificed
and the joints from the Vy4-depleted, Vy1-depleted, and hamster IgG treated mice were
examined for changes in inflammation, pannus, cartilage damage and bone damage. The
Vvy4-depleted mice showed a 42% decrease in total score for all histological parameters
examined when compared with those obtained from hamster 1gG treated mice (Table 1). In
agreement with the overall disease scores, Vy1-depleted mice showed no statistical difference
in any of their histological scores when compared to control mice (Table 1).

Next, total 1gG, 1gG1 and IgG2a anti-collagen antibody levels were measured in the sera from
the treated and control mice to determine if y3 T cell subsets contributed to anti-collagen
antibody production. No anti-collagen antibodies were detectable on day 0. On day 21, four
days after the anti-Vy4 or anti-Vy1 treatment was given, the levels of total 1gG, 1gG1, and
IgG2a anti-collagen antibodies were still equivalent to those seen in hamster IgG-treated
control animals. However, by day 41 there was a significant decrease in the total 1gG and
pathogenic 1gG2a levels of anti-collagen antibodies in the Vy4-depleted mice (Fig. 2d). In
contrast, mice depleted of Vy1* cells showed no change in antibody levels (Fig. 2¢). The level
of 1gG1 anti-collagen antibodies did not differ from control groups in either VVy4-depleted or
Vyl-depleted animals.

Vy4* y& T cells produce IL-17 in the draining lymph nodes and joints

The results described above suggest that Vy4* cells are pathogenic in CIA. To determine how
Vy4* v3 T cells mediate their effect, we assessed their cytokine potential. Draining lymph
nodes were harvested on day 26, when the total number of Vy4* cells reaches its peak, and
intracellular cytokine staining was used to detect IFNy, IL-2, TNFa, and IL-17 production. In
naive mice, 6% of total y5 T cells, less than 1% of Vy1* cells, and 20% of Vy4™ cells produced
IL-17 (data not shown). However, in CIA mice, 33% of y5 T cells produced IL-17 (Fig. 3a).
When the y8 T cell subsets were analyzed, only 2% of Vy1* cells as compared to 65% of
Vy4* cells produced I1L-17 (Fig. 3a). In fact, Vy4™ cells represented over 90% of the total v&
T cells that produced IL-17 in CIA. The fraction (not shown) and number of Vy1* and Vy4*
cells that produced TNFa, IL-2, and IFNy were similar (Fig. 3b). Since IL-17 is an
inflammatory cytokine produced by activated CD4* ap T cells (Th17 cells)17-20, we also
compared the number of CD4* cells and Vy4* cells that produced IL-17 in our model of CIA.
Remarkably, despite its small size, the Vy4* population contained as many or more 1L-17
producers than all CD4* a T cells taken together, suggesting that Vy4* cells are a critical
source of IL-17 (Fig. 3b). We also characterized the cytokine potential of yd T cells from the
joints of normal DBA/1 mice and CIA mice. We found a substantial percentage of TCR y8*
cellsamong T cells in the joints of normal animals (15%) and even more, approximately 23%,
in the joints of diseased paws. The percentage of Vy4* cells was also increased in the diseased
joints, while the percentage of Vy1* cells was decreased (Supplementary Fig. 1 online). In
addition, a large fraction of Vy4* cells taken from the joints produced IL-17 at day 26 of the
disease process (Fig. 3c).

ClA-elicited Vy4* cells preferentially express Vd4

While the function of yd T cells has been shown to primarily segregate with Vy chain usage,
a recent study by Shin et al. implied that some yé T cells recognize their ligand primarily
through the junctional region of the delta chain?L. Therefore, we looked at the delta chains co-
expressed by ClA-elicited Vy4™ cells. Surprisingly, we found that 84% of the CIA-elicited
Vy4* cells co-expressed V34, and that these cells also represented the vast majority of the IL-17
producers (Fig. 4a). In naive animals, the frequency of Vy4* cells co-expressing V34" was
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approximately 20% (data not shown). Of the few Vy4/V85* cells in the lymph nodes of the
CIA mice, a small percentage produced IL-17 (Fig. 4b). Very few Vy4/V86.3" cells were
detected (data not shown). Sequence analysis of day 26 lymph node cDNA revealed a strikingly
limited junctional region in the Vy4 chain, suggesting an antigen-driven clonal response (Fig.
5a). Specifically, 88% of the Vy4* sequences (37/42) encoded identical CDR3 regions which
contained a leucine, encoded by N or P-nucleotides, in the V-J junctional region. Multiple
codon triplets were found encoding this leucine, suggesting that this population did not result
from a single clonal expansion. Instead, the oligoclonal response may have been driven by
specific ligand recognition. The V34 sequences were also limited in variability, with most
showing both length conservation and exclusive use of a single D82 reading frame (Fig. 5b).
Inaddition, two conserved arginine codons were found in nearly all sequences, the first encoded
by either the 3’ end of the V34 gene or by N-additions, and the second encoded by the 3’ end
of the D52 gene. Small groups of identical V34 clones were also evident. In contrast, Vy4 and
V44 sequences from naive DBA/1 mice were highly variable (Supplementary Fig. 2 & 3
online). Importantly, no identical V& clones were found in the naive animals.

Discussion

Our results imply that Vy4*, but not Vy1* cells, are pathogenic in CIA. First, although Vy1*
and Vy4™" cells both increased during CIA after the second injection, the Vy4* cells increased
more rapidly, and to a greater extent, than the Vy1* subset. As well, many of the Vy4* y3 T
cells expressed markers of activation following the collagen/CFA injections, while the Vy1*
cells appeared unresponsive. Second, depletion of the Vy4* cells before the second collagen/
CFA injection led to a decrease in the severity and incidence of CIA, which was not seen
following depletion of Vy1* cells. Finally, only the VVy4* subset produced IL-17, which is
associated with inflammatory damage in CIA. Since surface markers of activation have not
been studied extensively on y5 T cells, it is possible that characteristics of activation for
Vy1* cells are different. Moreover, removing Vy1* cells before induction of CIA or at another
time point of the disease process might uncover a role for this subset as well.

While the function of y& T cells often segregates with their Vy chain usage, recent studies have
demonstrated an important role for the TCR4 chain in ligand recognition. Shin et al. found that
ayd T cell clone, G8, recognized its ligand, T22P, almost exclusively through the D&2 portion
of the & chain. Using a T22P-tetramer to identify T22P-specific y8 T cells, they found that a
particular motif in the & chain CDR3 was sufficient to confer T22P binding?!. This motif was
generated by the use of D32 in only one of three possible reading frames [encoding (S)EGYE],
flanked by two other conserved residues, a preceding tryptophan encoded by either the 3’ end
of V46.3 or by D61, and a following leucine encoded by N or P-nucleotide additions. A variety
of CDR33 lengths were permitted among T22°-binding y8 TCRs, and the required motif could
be generated almost entirely from germline-encoded components.

Our findings suggest that yd T cells bearing particular TCRs are preferentially expanded by an
antigen present during CIA. However, the requirements for binding this putative antigen appear
to include elements of both the y and & chains, because activated cells expressing the Vy4/
V64 combination predominated. We also found a recurrent motif in the CDR3 regions of the
TCR-3 chain, including a single reading frame for D52 among all ClA-elicited V34s [(I)GGIR]
(30/30 clones). Although the (I)GGIR reading frame is normally somewhat more common than
the (S)EGYE reading frame, only 5/13 clones derived from naive mice used the (I)GGIR
reading frame (Supplementary Fig. 3). The Dd2 was preceded by an arginine in 27/30 clones,
encoded by either V&4 or N/P nucleotides, which may explain the preference for this V delta.
Also, a second arginine, encoded by the 3’ end of D&2, was found in all 30 ClA-elicited V&4
clones, compared to only 4/13 naive clones. Unlike the T22P-reactive -chains, the lengths of
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the ClA-elicited 3-chain CDR3s also seemed to be restricted, ranging between 5-6 amino acids
between V and J in 23/30 clones.

The CDR3 of the ClA-elicited Vy4s was also very limited. 37/42 clones contained only a single
amino acid, leucine, between V and J, and four of the six possible leucine codons were found,
consistent with the selective expansion of Vy4/\V34* cells bearing a particular motif in the y-
CDR3 as well. This contrasts markedly with the findings for T22P-binding y& TCRs, in which
the y chain appeared to be uninvolved in ligand interaction?. Indeed, the y5 TCR restrictions
associated with the CIA-selected yd T cells are reminiscent of those common for af TCRs
specific for a given ligand. Therefore, yd T cells in the CIA model appear to be selected in a
manner different from the T22P-binding cells, and more akin to the selection of af T cells.
Thus, the question of whether y3 TCR ligand recognition differs fundamentally from that of
ap TCRs remains open.

Most of the molecules identified so far as ligands for y8 TCRs, including T22°, appear to be
host-encoded molecules whose expression is induced by inflammation or stress (reviewed
in23). However, the observed expansion of \Vy4/V34* cells in our model of CIA could be due
to a response to the CFA, which is used in the immunizations. Therefore, we have examined
mice immunized with PBS/CFA, which does not cause CIA in DBA/1 mice. Similar to ClI-
injected mice, the total number of y§, Vy1* and VVy4* T cells increased after each PBS/CFA
injection and moreover, the Vy4* subset showed the same “activated” phenotype (high CD44,
low CD62L, and low CD45RB expression) as before (data not shown). However, the timing
of the response was different. Despite similar initial responses, the maximal response measured
by the percentage of “activated” Vy4* cells after the second PBS/CFA immunization was
delayed, peaking at 6 days versus 4 days in CIA mice (data not shown), perhaps indicating that
different stimuli are triggered in CI1A than by PBS/CFA treatment alone. Hybridomas are now
being produced to further investigate whether Vy4/V34™ cells respond to collagen, or another
host-derived molecule that is induced by the immunization.

Opposing roles for Vy1* and Vy4* cells in various disease models have been previously noted.
For example, Vy4* cells suppress allergic airway hyperresponsiveness (AHR)24 while Vy1*
cells enhance AHRZ2, In addition, Vy4* cells promote myocarditis in a coxsackievirus B3
model, whereas Vy1* cells are protective26. This difference was attributed to skewing of the
Th1/Th2 af T cell response by the y5 T cells. Interestingly, when using the BALB/c mouse in
an effort to look at I1L-4 producing CD4* cells, infection with a strain of coxsackievirus B3
that promotes myocarditis resulted in an expansion of \Vy4/V34* cells?’. Intracellular cytokine
staining of these Vy4/V34* cells revealed that a large proportion (50%) produced IFNy (I1L-17
was not measured). In our model of CIA, only 4% of the Vy4/V34™" cells produced IFNy (data
not shown). These results suggest Vy4/\V/4* cells have the potential to produce Th1 and/or
Th17 cytokines, and differences in the disease models may determine which type of cytokine
is produced.

Two recent papers previously identified y3 T cells as a potent source of 1L-1728:29, Stark et al.
found that in B6 mice, both aff and y8 T cells produced IL-17. More recently, Lockhart et al.,
studying Mycobacterium tuberculosis infection of the mouse lung, found that y6 T cells were
in fact the dominant source of I1L-17, rather than CD4* ap T cells2°. Our results showed that
in CIA, Vy4/\V34* cells predominated and the vast majority of these cells in both the draining
lymph node and the joints of mice could be stimulated to produce IL-17. Moreover, there were
as many IL-17* Vy4* cells in the lymph node as CD4* ap TCR*IL-17* cells. Based on studies
in RA and EAE, IL-17 is now considered a major player in chronic autoimmune diseases.
Studies in CIA have shown that disease is markedly suppressed in IL-17 “knocked-out”
mice30, and neutralization of I1L-17 after the onset of CIA reduces joint inflammation, cartilage
destruction and bone erosion3. Depleting Vy4* cells in our model and thus, removing a large
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source of IL-17, may explain why these mice had less severe arthritis and a lower incidence
of disease.

In this study, we demonstrate an antigen-driven oligoclonal response by the Vy4/\V84* 8 T
cell subset. These cells are a potent source of IL-17 in the lymph nodes and joints of CIA mice
and contribute to disease development. Therefore, it may be possible to reduce chronic
inflammation in diseases such as CIA by preventing or eliminating the response of certain
subsets of yd T cells. Better understanding of the contribution of y8 T cells to the pathogenesis
of autoimmune and allergic diseases may lead to therapies that target this small population of
cells.

8-10 week old DBA/1 lac J male mice (Jackson Laboratories, Bar Harbor, ME) were used for
this study.

Immunizations

Bovine type Il collagen (CII) (Elastin Products, Owensville, MO) was diluted in 0.01M acetic
acid to a final concentration of 4 mg/ml and stored at -70°C. Before injection, an equal volume
of Cll was emulsified with Freund’s incomplete adjuvant (Difco, Detroit, Ml), to which 4 mg/
ml inactivated Mycobacterium tuberculosis (H37Ra; Difco) had been added to generate
Complete Freund’s Adjuvant (CFA). The emulsion was kept on ice during both preparation
and use. The mice were injected intradermally at the base of the tail with 100ul of the emulsion,
containing 200 ug of Cll and 200 ug of M. tuberculosis, on day 0 and day 21. Mice were scored
for severity of disease every other day starting on day 21 until they were sacrificed on day 41.
The following scale was used: 0, no redness or swelling; 1, 1 digit swollen; 2, 2 digits swollen;
3, 3 digits swollen; and 4, entire paw swollen with ankylosis. The scores for each of 4 paws
were added together to give a final score, such that the maximal severity score was 16.

Analysis of y& T cells

Throughout this paper, we have used the simple numbering system of Heilig and Tonegawa
for the murine y and & genes32. Official nomenclature equivalents are shown in
parentheses??: iyl (GV5S1), Vy4 (GV3S1), V&4 (DV104S1), V85 (DV105S1), and V§6.3
(ADV7S1). On various days after the first or second collagen/CFA immunization, mice were
sacrificed, and the draining (inguinal, popliteal, and brachial) lymph nodes removed for flow
cytometric analysis. A cell suspension from the lymph nodes was made using mesh screens,
and T cells were enriched by passage over nylon wool33. Nylon wool non-adherent cells were
stained for y3 T cells subsets using a FITC-labeled pan C§ antibody (GL3,34), followed by
biotinylated anti-Vy1 (2.11,13) or anti-Vy4 (UC3-10A6,3%) antibodies plus strepavidin-APC,
and PE-conjugated anti-CD62L., anti-CD45RB, or anti-CD44 antibodies (BD Biosciences, San
Jose, CA\). All samples were analyzed on a FACScalibur or FACScan flow cytometer (Becton
Dickinson, Franklin Lakes, NJ), and the data processed using FlowJo 6.4.1 software (Tree Star,
Inc. Stanford, CA).

Treatment with depleting antibodies

Mice were injected with 200 pg of either an anti-Vy4 antibody (UC3), an anti-Vy1 antibody
(clone 2.11), or with hamster IgG, as a control, on day 17, four days before the booster
immunization with CII/CFA. On day 21, blood lymphocytes were tested to check for the
depletion of the appropriate y5 T cell subset by flow cytometry. Briefly, heparinized blood
samples were incubated in Gey’s solution for 10 minutes to lyse the red blood cells. The
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remaining cells were passed over nylon-wool columns in order to enrich for T cells. Nylon
wool non-adherent cells were then stained with anti-CD3 (KT3,36), an anti-C3 antibody (GL3)
and either anti-Vvy1 (2.11) or anti-Vy4 (UC3) antibodies to verify the depletion of the
appropriate subset. All samples were analyzed on a FACScan or FACScalibur flow cytometer
and the data processed using FlowJo 6.4.1 software.

Measurement of anti-collagen antibodies

Histology

Serum from each mouse was obtained by aspiration of retroorbital blood on days 0 and 21, at
the time of the first and just before the second ClII injection. On day 41, mice were tail bled
before being sacrificed. Each serum sample was analyzed for the level of total IgG, 1gG1, and
IgG2a antibodies to type Il collagen using modifications of published ELISA methods. Briefly,
Immunlon Il ELISA plates were coated with 5 pg/ml of ClI (Chondrex, Seattle, WA) overnight
at 4°C. Plates were washed three times with PBS containing 0.05% Tween and 1% bovine
serum albumin (BSA), then blocked with PBS and 1% BSA at 4°C for 4 hours. The blocking
solution was removed and 50 pl of a 1:9000 dilution of each serum sample was added in
duplicate and the plates were incubated overnight at 4°C. The plates were washed with PBS
containing 0.05% Tween, and 50 pl of horseradish peroxidase-conjugated goat-anti mouse 1gG
(diluted 1:3000in PBS), IgG1 (diluted 1:2000), or IgG2a (diluted 1:2000) antibody (Invitrogen,
Carlsbad, CA) was added to each well and incubated for 4 hours at 4°C. The plates were washed
again with PBS containing 0.05% Tween before 50 ul of TMB substrate was added. The plates
were developed for 5 minutes before the reaction was stopped with the addition of 25 pl of 2N
H,S0O,4. Absorbance was measured at 450nm on a VERSAmax microplate reader and the data
analyzed using Softmax Pro 4.7.1 software (Molecular Devices, Sunnyvale, CA). A standard
pool of anti-collagen antibodies was obtained by combining sera from several mice with severe
disease. The levels of 1gG, 1gG1, and 1gG2a anti-collagen antibodies in this pool of sera were
set as equivalent to 1000 units/ml.

On day 41, forepaws and hind paws (including the paw and ankle) were surgically removed
and fixed immediately in 10% buffered formalin. Tissue was prepared and histological analyses
were performed as previously described3’. The treatment and clinical disease activity score of
each sample was not disclosed to the trained observer who scored the slides. Sections were
scored for mean inflammation, pannus formation, cartilage damage, and bone damage, and the
overall score was based on a set of 3-4 joints per animal. All were scored on a 0-5 scale, as
previously described3’.

Isolation of cells from the joint

Intracellular

A modified version of a lung digestion protocol was used to obtain a cell suspension from the
joints of mice38. Briefly, the skin was first removed from the mouse paws and then the paws
were dissected into small pieces. The pieces were placed in an enzymatic digestion mixture
containing 0.125% dispase Il (Roche, Indianapolis, IN), 0.2% collagenase Il (Sigma-Aldrich,
St. Louis, MO), and 0.2% collagenase IV (Sigma-Aldrich) and shaken for 75 min at 37°C.
After digestion, the supernatant was removed and the joint pieces were pushed through a
cellector tissue sieve (Bellco Glass, Inc. Vineland, NJ) to disperse the cells. The cell suspension
was then treated with Gey’s solution to remove red blood cells and passed over nylon wool
columns to enrich for T cells.

Cytokine staining

Nylon wool non-adherent cells were cultured at 1 x 10° cells/ml in culture medium39 containing
10 pg/ml Brefeldin A (Sigma-Aldrich), 50 ng/ml PMA (Sigma-Aldrich), and 1 pg/ml
ionomycin (Sigma-Aldrich) at 37°C for 4 hours. After activation, cells were washed once in
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staining buffer and then stained with anti-CD3-APC-AF750 (EBioscience, San Diego, CA),
FITC-labeled anti-TCRd (GL3), biotinylated or FITC-labeled anti-Vy1 (2.11) or anti-Vy4
(UC3-10A6), and biotinylated anti-V&4 (GL2,3%), anti-V55 (F45.152,40), or anti-V86.3 (17C,
41y antibodies and detected with strepavidin-APC (BD Biosciences). The cells were then fixed
in 1% paraformaldehyde for at least 20 minutes at 4°C. Fixed cells were permeabilized for 10
minutes at 4°C in 5% saponin/PBS buffer. Cells were then spun down and stained with PE-
conjugated anti-cytokine antibodies (IL-2, IL-17, IFNy, and TNFa; BD Biosciences) or an
isotype control for 30 minutes at 4°C. Cells were washed once in saponin buffer and once in
staining buffer before fixation in 1% paraformaldehyde. Samples were analyzed on a FACScan
(Becton Dickinson) and the data processed using FlowJo v6.4.1 software.

Statistical analyses

All statistical analyses were performed using GraphPad Prism version 4 (GraphPad Software,
San Diego, CA). Statistical significance for the clinical disease activity was determined using
the Mann-Whitney test. The histological data were analyzed by comparing group means using
the Student’s t-test with significance set at 5%. For the anti-collagen antibodies, statistical
significance was determined using an unpaired 2-tailed Student’s t-test to compare the two
treatment groups.

Sequencing of TCRs

Total cell RNA was isolated from nylon wool non-adherent cells obtained from the lymph
nodes of mice using the PicoPure RNA Isolation Kit (Arcturus Bioscience, Mountain View,
CA). Reverse transcription-PCR was performed using primers specific for Vy4/Cy1, 2 and
V84/C3 as previously described3®. PCR-amplified transcripts were then cloned into a TA
vector (Invitrogen, Carlsbad, CA) and individual clones sequenced to determine the frequency
of specific TCR sequences.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

The total numbers of y8 T cells (a), Vy1* cells, and Vy4* cells (b) obtained from the lymph
nodes of mice that had received collagen/CFA injections on days 0 and 21 (black arrows). On
the indicated days following the initial injection, the draining lymph nodes (inguinal, brachial
and popliteal) were removed and cells were stained for yd T cell subsets. Using FACs analysis,
the total number of v cells and individual subsets were calculated. Each time point represents
the average + SEM for at least 8 different mice. (c) On designated days after collagen/CFA
injections (black arrows), y3 T cells were isolated and stained for VVy1 and Vy4 expression and
for levels of CD62L, CD44, or CD45RB. The mean percentage + SEM of cells having an
“activated” phenotype (CD62L low, CD44 high, CD45RB low) is shown.
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Figure 2.

(a) Clinical disease activity in mice with collagen-induced arthritis. Mice were immunized with
collagen/CFA on days 0 and 21. On day 17, mice were given either anti-Vy4 antibody (black
triangle, n=30) or hamster 19G (hlgG) (black square, n=26) intravenously. (b) In a separate
experiment, mice were treated with anti-Vy1 antibody (black triangle, n=30) or hamster 1gG
(black square, n=25). Clinical disease was assessed three times a week, starting on day 21.
Values represent the mean £ SEM of 2 separate experiments (maximum score = 16). **p <
0.01, ***p<.001. Statistical significance was determined using the Mann-Whitney test. (c)
Incidence of disease for each of the groups as described in (a & b). The incidence of disease
for each hlgG treated group in 2 experiments was pooled and is shown as one group. (d) Anti-
collagen antibody levels in mice with CIA that were depleted with an anti-Vy4 antibody, as
compared to hlgG-injected control animals. Mean £ SEM is shown for total 1gG, 1gG1, and
IgG2a antibodies. Mice were treated on day 17 with higG (black square, n = 26) or a specific
anti-Vy subset antibody (black triangle, n = 30). *p < 0.05, ***p < 0.001. Data represent the
mean + SEM of 2 separate experiments. (e) Same as in (d) except mice were depleted with an
anti-Vvy1 antibody and compared to hlgG. Again, mean £ SEM is shown for 2 separate
experiments.
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Figure 3.

Intracellular cytokine staining of T cells from the draining lymph nodes on day 26. (a) The

percentages of CD4*, y8*, Vy1*, or Vy4™ T cells that can produce I1L-17 are shown, first gating
on cells that stained with CD3. The percentage of Vy1* and Vy4* cells was then visualized by
next gating on cells that stained with a pan-y5 reactive mAb. (b) The total number of Vy1*,

Vy4*, or CD4* cells stimulated to produce IL-17, IFNy, IL-2, or TNFo as determined by
intracellular cytokine staining. The total number was calculated based on the percentage that
stained in (a). (c) The percentage of Vy4™ cells in the joints of naive mice versus CIA mice on
day 26 is depicted on the left. The percentage of y5*/Vy4*cells that can produce I1L-17 is shown

on the right.
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V3 usage by Vy4* cells in CIA animals. Lymph nodes were analyzed by flow cytometry as for
Fig. 3. Cells were triple stained for yd TCR, Vv4, and either V4 (a), V35 (b), or V6.3 (data
not shown) and the percentage of each V delta subset determined. Then, each V&-defined subset
(circled population) was examined intracellularly for IL-17 production. The majority of the
IL-17-producing Vy4* cells co-expressed V4. Vy4/V§6.3" cells represented less than 0.5%
of the Vy4* population, and did not produce 1L-17 (not shown).
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a. W4 sequences from CIA DBA/1 lac J mice
vy4 N Jyl frequency

C S Y G L Y S S G

tgttcctacgg cttat atagctcaggt 22/42

tgttcctacgg cctat atagctcaggt 10/42

tgttcctacgg tctat atagctcaggt 2/42

tgttcctacgg actat atagctcaggt

tgttcctacgg cctct atagctcaggt

tgttcctacgg cttgt atagctcaggt

cC S Y G Y S S G

cC S Y G P Y S S G

C S Y G F Y S S G

C S Y G \Y Y S S G

cC S Y G S N S S G

b. V34 sequences from CIA DBA/1 lac J mice

Vo4 N/DO1/N D)2 N Jd frequency
M E R G G G I R A T D K 5/30
M E R D I G G I R A T D K 6/30
M E R G I G G I R A T D K 3/30
M E R A I G G I R A T D K 3/30
M G R H I G G I R A T D K 3/30
M E R G N G G I R A T D K
M E R G S G G I R A T D K
M E R N I G G I R A T D K
M E R A% I G G I R A T D K
M E R G I G G I R A T D K
M E R vV A Y I G G I R A P D K
M E R vV A Y P P I G G I R A D
M E T G G I R A T D K
M A% G G R T T D K
M E N I G G I R A T D K
Figure 5.

Vy4 and V84 sequences from ClA-elicited yd T cells. (a) In the ClA-elicited cells, 37/42 (88%)
of the Vy4* clones encoded a leucine between the V and the J, and four of the six possible
codons were used. In addition, when the codon “cta” was used to form leucine, we found
different N/P nucleotides also flanking it. (b) The V34 sequences from ClA-elicited cells
revealed a striking length conservation (5-6 amino acids between V and J), asingle D82 reading
frame, and the conservation of the two arginines, one at the end of the V34 gene and one at the
end of the D32 gene. Both arginines were encoded by multiple codons as well.
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Histopathology scores in mice with collagen-induced arthritis treated with either an anti-Vy4 antibody or an anti-

Vy1 antibody”

Parameter Hamster 1gG (26 mice) Anti-Vy4 (30 mice) pt

Inflammation 259 +0.24 157 +0.27 0.007
Pannus 2.13x0.25 1.20£0.22 0.007
Cartilage damage 2.55+0.24 1.47+0.26 0.004
Bone damage 2.13+0.25 1.20+0.22 0.007
Total score 9.38+0.97 5.43 + 0.96 0.005
Parameter Hamster 1gG (25 mice) Anti-Vy1 (30 mice) pt

Inflammation 2.43+0.37 2.31+0.26 0.783
Pannus 1.86 £0.29 1.65+0.21 0.553
Cartilage damage 2.43+0.38 2.22+0.27 0.642
Bone damage 1.86 +0.29 1.65+0.21 0.553
Total score 8.58+1.33 7.83+0.94 0.637

*

The inflammation, pannus, cartilage damage, and bone damage scores were determined for each joint examined (3-4 per animal). Changes were scored
on a 0-5 scale. A mean score for each animal was determined for each parameter, and these were averaged to determine group means. Values shown are
the group means + SEM from 2 separate experiments. Statistical analysis of histopathologic parameters were done by comparing group means using the
Student’s t test with significance set at 5%.

+

anti-Vy4 or anti-Vy1 versus hamster 1gG treatment.
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