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Abstract

Foreign Ag-specific TCR-transgenic (Tg) mice contain a small fraction of T cells bearing the
endogenous V4 and Ve chains as well as a population expressing an intermediate level of Tg TCR.
Importantly, these minor nonclonotypic populations contain >99% of the CD4*Foxp3* regulatory T
cells (Treg) and, despite low overall Treg expression, peripheral tolerance is maintained. In the OT-
Il TCR (OVA-specific, V5NN 209 Tg scurfy (Sf) mice (OT-11 Sf) that lack Treg, nonclonotypic
T cells markedly expanded in the periphery but not in the thymus. Expanded T cells expressed
memory/effector phenotype and were enriched in blood and inflamed lungs. In contrast,
V5highy/g2high clonotypic T cells were not expanded, displayed the naive phenotype, and found
mainly in the lymph nodes. Importantly, V #5"9 T cells were able to transfer multiorgan
inflammation in Rag1 ™" recipients. T cells bearing dual TCR (dual V4 or dual V) were
demonstrated frequently in the V5" and V2! populations. Our study demonstrated that in the
absence of Treg, the lack of peripheral expansion of clonotypic T cells is due to the absence of its
high-affinity Ag OVA. Thus, the rapid expansion of nonclonotypic T cells in OT-11 Sf mice must
require Ag (self and foreign) with sufficient affinity. Our study has implications with respect to the
roles of Ag and dual TCR in the selection and regulation of Treg and Treg-controlled Ag-dependent
T cell expansion in TCR Tg and TCR Tg Sf mice, respectively.

T cell receptor-transgenic (Tg)* mice have been widely used to study various aspects of Ag-
specific response, ranging from T cell development to the expression of effector functions. The
great majority of T cells in the TCR-Tg mice generated with a foreign Ag-specific TCRaf pair
strongly express the Tg TCR (1,2). Despite the overwhelming power of the Tg TCRS to freeze
endogenous Vp gene rearrangement, a small fraction containing endogenous TCRp paired with
Tg TCRa and/or endogenous TCRa invariably exists (1-3). T cells expressing a low level of
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the Tg TCR are also observed. T cells with dual TCR are often found in the latter population
(4). These TCR are not Tg artifact because T cells with dual TCR were found in normal hosts
(5-10). It has been estimated that 15-30% of T cells in normal mice bear dual Va TCR and
1% of human T cells bear dual Vg TCR (6,7,9,10).

In the present study, T cells expressing the high Tg TCRa pair are referred to as “clonotypic,”
whereas all other populations are grouped as “nonclonotypic” for clarity and simplicity
purposes. Both OT-1l-specific clonotypic mAb and tetramer are unavailable. T cells expressing
V5highy/¢2high are considered clonotypic in this study because such cells are highly expressed
in OT-II mice but scarcely present in normal B6 mice. The immunological and functional
properties of the nonclonotypic population have not been thoroughly studied because this is a
minor population in the Tg mice. However, the dominant presence of clonotypic T cells often
waned in the old TCR Tg mice (11,12). An unusual TCR revision mechanism in the periphery
and a defect in the longevity of clonotypic T cells have been proposed to explain this
observation (11-13). We consider the fact that the clonotypic T cells are specific to one epitope,
whereas the nonclonotypic T cells have the potential to respond to the large host Ag repertoire.
Host Ag used here is defined as both self-Ag and foreign Ag that are present in the host. We
hypothesize that the nonclonotypic T cells are selectively expanded by the vast repertoire of
host Ag as the mice grow, resulting in the loss of clonotypic dominance. We further propose
that this population contains naturally occurring CD4* Foxp3* regulatory T cells (Treg) and
under the condition in which Treg are absent, the nonclonotypic T cells will rapidly expand
within 1 wk after birth. Understanding the regulation and functions of these cells is important
because T cells from TCR Tg mice containing Treg with dual TCR are widely used, but to use
it as pure clonotypic T cells, either purification or breeding Tg TCR into Ragl™~ or Rag2 7/~
mice is required (4,14,15).

When introduced into mice with an autoimmune-prone background, foreign Ag-specific TCR
Tg often inhibits or retards the autoimmune response (16). This could be due to the dilution of
potential autoimmune T cells by the dominant clonotypic T cells. Additionally, the self-
tolerance is maintained by Treg that are present in the nonclonotypic T cell population in the
Tg mice. When bred TCR Tg into scurfy (Sf) mice that totally lack Treg, the short life span
associated with Sf mice was prolonged but the multiorgan inflammation characteristic of Sf
mice eventually developed (17). We hypothesize that the multiorgan inflammation is induced
by the host Ag through the expansion of nonclonotypic T cells. Indeed, when compared with
OT-Il (OVA-specific, I1-AP-restricted) TCR Tg mice (18), we found that OT-11 Sf mice
displayed a massive increase in the T cell populations that either lacked or expressed a reduced
level of the Tg TCR pair, i.e., expansion of the nonclonotypic T cells. Dual Va TCR cells in
the former population were derived from various endogenous Vg families, whereas T cells
bearing dual Vg or dual Vo were observed in the latter. In sharp contrast, the clonotypic OT-
I1 T cells that were dominantly expressed in the thymus were not expanded in the periphery.
These findings demonstrate that the repertoire of nonclonotypic T cells in OT-11 mice is large
and widespread across the Vg and Va families and their expansion in the OT-11 Sf mice requires
the presence of Ag with sufficient affinity. The expanded population contains inflammation-
inducing T cells because the nonclonotypic population lacking V5 could transfer the
multiorgan inflammation to Rag1~ recipients. Our study demonstrated the roles of host Ag
in the thymic selection and peripheral expansion of these T cells. Even in the absence of Treg,
host Ag with sufficient affinity is required for the nonclonotypic T cells in the development of
multiorgan inflammatory response.

J Immunol. Author manuscript; available in PMC 2009 November 15.
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Materials and Methods

Mice

C57BL/6 (B6), B6.Cg-Foxp3s7%/J, B6-Tg (TcraTcrp)425Chn/J (OT-11 B6), and B6.129S7-
Rag1t™Mom/j (Rag1~/~) mice were obtained from The Jackson Laboratory. B6.Cg-Foxp3s*/
J mice were bred with male B6 mice to produce Sf mice (Foxp3s/Y). OT-11 Sf mice were
generated by breeding OT-11 B6 males with B6.Cg-Foxp3s7*/J mice. The presence of the
Foxp3S mutation was confirmed by PCR as described in The Jackson Laboratory’s web site.
The presence of OT-11 Tg was confirmed by staining with anti-V5 and anti-Va2 mAb and by
PCR. Mice were examined twice weekly for clinical signs of the immune dysfunction,
including skin inflammation, body weight loss, wasting, etc.

Flow cytometry

Thymus or axillary, brachial, inguinal, cervical, and facial lymph nodes from sex- and age-
matched B6, Sf, OT-11 B6, and OT-11 Sf mice were isolated and pooled, and single-cell
suspensions were prepared in PBS. Leukocytes in blood and inflamed lungs were prepared as
previously described (19,20). Cells (10°) were suspended in 0.1 ml of PBS solution containing
4 mgof BSA and 1 ug of anti-FcyR mAb 2.4G2 and incubated with 0.2 ug of various fluorescent
mAb for 30 min at 4°C. For multicolor staining, FITC-, PE-, PE-Cy5-, allophycocyanin-, or
allophycocyanin-Alexa Fluor 750-conjugated anti-CD4, anti-CD8, anti-CD44, anti-CD62L,
anti-CD69, and various anti-V/ and anti-Va mAb (BD Pharmingen or eBioscience) were used
in various combinations. Since OT-Il-specific clonotypic mAb and tetramer are not available,
we used anti-V5.1/5.2 (referred to as anti-V/f5 in the text for simplicity purpose) and anti-
Va2 mAb to determine the expression of clonotypic OT-I1 cells. This is valid only because the
expression of V5NV 29h in normal B6 is much lower than that in OT-II mice (see
Results). Staining for CD4*Foxp3* T cells was conducted using a commercial kit
(eBioscience). At least 104 stained cells were analyzed using a FACScan equipped with
CellQuest (BD Biosciences). Postacquisition analyses were conducted using FlowJo software
(Tree Star).

Anti-CD3 treatment

Adult B6 male mice were treated with 10 xg of 145.2C11 anti-CD3¢ mAb (i.p.) twice, 1 wk
apart. Two weeks later, they were treated again with 80 g of anti-CD3 mAb (i.p.). Various
organs/tissues were sectioned and stained 3 days after. In addition, spleen and lymph node cells
were determined for cell number and activation status. This protocol resulted in strong
polyclonal activation as indicated by a substantial increase in T cell activation marker (66%
CD4*CD44Ma" and 50% CD8*CD44M9N). The treatment resulted in 50% reduction of lymph
node cells and 60% reduction of spleen cells as compared with untreated normal B6 adult mice.

Cell sorting and adoptive transfer

Lymph node cells of OT-11 Sf mice were first depleted of non-T cells using the pan-T cell
isolation kit (Miltenyi Biotec). Unbound cells were then used to purify VA5"9 using PE-anti-
V55 mADb followed by depletion with anti-PE-magnetic beads. This step was repeated twice
and depletion was verified by flow cytometry to be 99%. Purified cells (6 x 105) were
transferred to individual adult Ragl™" recipients. Mice were examined twice weekly for
clinical signs of immune dysfunction, including skin inflammation, prolapse, body weight loss,
wasting, etc. At 12 wk after transfer, various tissues/organs were fixed with 10% neutral-
buffered formalin and sections of paraffin-embedded samples were stained with H&E and
examined under a microscope.

J Immunol. Author manuscript; available in PMC 2009 November 15.
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OT-1l TCR Tg delayed the onset of multiorgan inflammation and prolonged the life span of Sf

mice

As aresult of totally lacking Treg, Sf mice developed severe multiorgan inflammation and died
around 4 wk after birth. Although the Treg level in the TCR Tg OT-I1 B6 mice was significantly
reduced to 3% of CD4" T cells as compared with 12% in B6 mice, multiorgan inflammation
was not observed (Fig. 1). The great majority of the CD4*FoxP3* Treg were found in the
nonclonotypic T cells in OT-11 mice (Fig. 1A). As reported for other TCR Tg Sf mice, breeding
OT-II TCR into Sf mice delayed but did not prevent the fatal disease (16,17). Their body weight
was increased slightly and their life span was prolonged as compared with Sf mice (Fig. 1, B
and C). The 2-to 3-wk delay of disease onset probably reflects the dilution effect of the initial
dominant expression of Tg T cells and the time required for the expansion of nonclonotypic,
inflammation-inducing T cells (see Fig. 2). Nevertheless, strong inflammation was observed
in skin, lung, and liver (Fig. 1D). Moreover, leukocyte infiltration in these organs was not
observed in B6 mice treated with anti-CD3 mAb that induced polyclonal T cell activation.
These observations suggest that multiorgan inflammation was not caused simply by polyclonal
T cell activation. Since the OT-1l TCR is specific to a foreign Ag and not autoreactive, the
inflammatory T cell response must be caused by non-Tg TCR, which may include the Tg
TCRg paired with non-Tg TCRa, the non-Tg TCRf paired with the Tg TCRa, and the non-Tg
TCRg paired with the non-Tg TCRa.

Rapid expansion of nonclonotypic T cells in OT-Il Sf mice occurs in the periphery

We compared the distribution of OT-11 clonotypic T cells (based on Vg5M9M/2Mighy and
nonclonotypic T cells between thymus and lymph nodes among B6, OT-Il B6, and OT-1I Sf
mice (age and sex matched) by four-color staining using anti-CD4, anti-CD8, anti-V$5, and
anti-Va2 mAb (Fig. 2). As with many class I1-restricted TCR Tg mice, CD4* (single- positive)
T cells were enriched in the thymus (Fig. 2A). The great majority (95%) of CD4* (single-
positive) thymocytes of OT-I1 B6 and OT-11 Sf expressed the clonotypic TCR as compared
with B6 that normally expressed few V5M9M/g2Nigh T cells (0.6%; Fig. 2B). Moreover,
clonotypic T cells were high and nonclonotypic T cells were low in the lymph nodes of OT-II
B6 mice (Fig. 2C), whereas the reverse was true for OT-11 Sf mice (Figs. 1A and 2C). The data
indicate that the expansion of nonclonotypic T cells in the OT-I1 Sf mice did not occur during
the thymic selection process but happened in the periphery due to the absence of Treg.

To determine how fast the expansion of nonclonotypic T cells occurs in OT-11 Sf mice, we
examined the proportion of V5M9M/¢2high CD4* T cells in the pooled lymph node cells of
OT-11 Sf mice of various ages. As shown in Fig. 2D, the percentage of nonclonotypic CD4* T
cell populations was already increased at 1 wk after birth and continued thereafter to a
remarkable 87% in just 8 wk after birth. By contrast, the nonclonotypic CD4* T cells in 40-
wk-old OT-Il mice remained at a level lower than that observed in the 3-wk-old OT-11 Sf mice.
Thus, the Kinetic study indicates a rapid expansion of nonclonotypic T cells preceding the
development of multiorgan inflammation in OT-I1 Sf mice.

Comparison of T cell surface phenotypes between OT-ll B6 and OT-II Sf mice and their tissue

distribution

Spontaneous T cell activation response in Sf mice invariably results in the formation of T cells
with the memory/effector (T\y/Tg) cell surface phenotype (21). The Tp/Tg cells tend to leave
the lymph nodes and circulate through blood to reach their target organs, whereas the naive T
(Tn) cells sojourned in the lymph nodes more often. Therefore, we compared the cell surface
phenotypes among various CD4* T cell populations present in the lymph nodes, blood, and

the inflamed lungs of OT-11 Sf mice and correlated their phenotypes with V5 expression (Fig.
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3A). The clonotypic T cells that were reduced in the lymph nodes of OT-11 Sf mice (36%) as
compared with OT-Il mice (91%) were reduced even more in the blood (7%) and inflamed
lungs (5%) (Fig. 3A). Based on CD44 expression, the great majority (92%) of the OT-11 B6
CD4*Vp5* T cells displayed the Ty phenotype (CD44!°W), whereas a significant fraction
(52%) of the OT-11 Sf mice exhibited the Ty/Tg phenotypes (CD44Md") (Fig. 3B). Cells that
expressed the T/Tg phenotypes resided in the V5" and V45" T cell populations, indicating
that OT-11 clonotypic T cells were not expanded since VA5M3" included the great majority of
the clonotypic T cells. This interpretation is supported by the analysis of CD62L and CD69,
markers for Ty cells and recently activated T cells, respectively (Fig. 3B). Dominant
expression of Ty/Tg nonclonotypic T cells was also observed in the blood and inflamed lungs
of OT-1I Sf mice as compared with OT-I1 B6 controls (Fig. 3, C and D). The data correlated
well with the interpretation that nonclonotypic T cells were expanded by host Ag and traveled
to target organs through blood, whereas clonotypic T cells were not stimulated and tend to stay
in the lymph nodes.

Pervasive use of endogenous VB genes in honclonotypic T cells

Because OT-11 B6 expressed a small fraction of T cells bearing the non-Tg TCR, the expansion
of these cells allows us to determine what V# genes were used and to what extent these V3
families were expanded. We examined the V5 families of the OT-Il Sf mice by staining the
CDA4* T cells with anti-Va2 in combination with individual anti-V4 family mAb (Table I). The
Va2 expression could be grouped into three levels, Va2N9, Vg2int and VVa2Me9. As compared
with OT-11 B6 mice, the expansion of endogenous Vg T cells was observed in all of the V3
families examined, indicating the pervasive and widespread nature of the expanded T cell
repertoire (Table I and Ref. 21). The expansion was more evident in the populations that were
Va2i™ and Va2, suggesting that endogenous V3 paired with Tg Va2M9 were less likely to
form T cells that were selectively expanded by the host Ag in the OT-11 Sf mice. Although we
examined only 14 V3 families (mouse contains ~50 V/ genes), it is somewhat surprising that
the sum of the fraction of the 14 Vf CD4* T cells exceeded 100% of the total CD4* T cells
even when one takes into consideration that dual TCR T cells were counted twice in this
analysis (see below).

Expression of endogenous VB and Va families and presence of dual TCR in the expanded

CD4* T cells

Because the expression of Tg V5 and Va2 is forced, a T cell expressing VA5™9 and Va2int
pair is more likely to express two kinds of TCR, one by the endogenous V3 paired with
Va2 and one by the endogenous V S paired with an endogenous V «. Similarly, a T cell
expressing V5"t could coexpress an endogenous V. To demonstrate the presence of dual
TCRonsingle T cells and the pervasiveness of such repertoire with respect to V and Vo gene
utilization, we stained various T cell populations in the lymph nodes or inflamed lung for T
cells expressing dual TCR (Fig. 4). The anti-Va mAb used are the only four reagents currently
available for staining among ~70 Va families in mouse T cells. The anti-Vg used were four
that are the more frequently used Vg in normal B6 mice.

When CD4* T cells were gated for Va2 expression levels followed by costaining for Vg5 vs
V4, Vp6, V8.1, and V14, dual V3 expression was observed in the Va2'™ (underlined in
Fig. 4) and V2™ populations but not in the Vo2M9" population. This is true for both OT-11
B6 and OT-11 Sf lymph node cells and the frequency tends to be higher in the latter samples
(Fig. 4A). T cells with VA5Vp4 dual TCR appeared less frequently but the reason is unclear.
In the inflamed lung of OT-11 Sf mice, T cells with dual V5 TCR were frequently observed in
the V219" and Va2iMt populations, suggesting that they may play a role for the lung
inflammatory response (Fig. 4Alower panels).

J Immunol. Author manuscript; available in PMC 2009 November 15.
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We also determined the expression of dual Va TCR. We gated CD4* T cells for V5 expression
levels and then costained each population with anti-Va2 vs a pooled reagent containing mAb
against Va3.2, Va8.3, and Vall (Fig. 4B). T cells with dual Va TCR were more often found
in the V5"t and \V/35"9 populations but infrequently observed in the V45M9" population. The
frequency of dual Va TCR was quite variable and was not particularly increased in the OT-II
Sf mice. This is because in these mice, the V5" and V5", regardless whether they are
single TCR or dual TCR, were expanded as a result of lacking Treg. Interestingly, T cells with
dual Vo TCR were enriched in the V5" and V5"9 populations in the lung (Fig. 4B).

VB5NeI T cells transfer multiorgan inflammation in Rag1™~ recipients

To determine whether the expanded populations that bear the non-Tg TCR indeed contain
inflammation-inducing T cells, we purified the V59 population and transferred 6 x 108 of
the purified cells into individual Ragl ~/~ recipients to determine whether they could induce
the multiorgan inflammation like Sf lymph node cells did (22). Multiorgan inflammation was
observed in mice transferred with the V5"¢9 population when analyzed at 12 wk after transfer.
Inflammation was observed in skin, lung, and liver, ear, stomach, intestine, and colon.
Neutrophils and lymphocytes were present in the inflamed sites as revealed by x2000
magnification. Thus, the expanded population bearing the non-Tg TCR in the OT-11 Sf mice
indeed contains inflammation-inducing T cells (Fig. 5).

Because CD4*Foxp3* Treg control the T cell response to foreign and self-Ag, lymphocytes in
mice bearing the Sf mutation will undergo polyclonal activation. The data presented herein
indicate that this polyclonal expansion in OT-I1 Sf mice still depends on Ag-specific
stimulation, because these mice apparently lacked OVA and OT-II clonotypic T cells were
neither stimulated nor expanded. Because the Ag repertoire in the Sf mice contains both foreign
and self-Ag, the challenging issues are 1) to define the Ag responsible for the expansion of the
inflammation-inducing T cells and 2) to isolate the Ag-specific T cells capable of inducing
inflammation in specific organs/tissues.

Discussion

A major force in the maintenance of peripheral tolerance is mediated by Treg. Treg-controlled
conventional T cells have not been thoroughly studied, in part because their expression is
suppressed by the Treg. Of particular interest is the role of Ag in the selection and expansion
of these T cells in the absence of Treg. To accentuate the host Ag specificity and the extent of
Treg-controlled T cell repertoire, we used Sf mice with OVA-specific TCR Tg so that the role
of Ag in the expansion of the Treg-controlled conventional T cell repertoire can be compared
between the clonotypic and non-clonotypic populations.

Several major points were obtained from this study. First, the expanded repertoire in OT-11 Sf
mice is mainly derived from the nonclonotypic T cell population in which the endogenous
Vf and Va genes were used pervasively. Second, Tg does not prevent the nonclonotypic T
cells from expression and functioning. Third, host Ag selectively expanded nonclonotypic T
cells, resulting in the formation of nonclonotypic T cells expressing the Ty/Tg phenotype and
clonotypic T cells with the Ty phenotype. Fourth, the expanded T cell population contains
functional T cells capable of transferring multiorgan inflammation in Rag1~/~ recipients. Fifth,
polyclonal-activated T cells of normal mice failed to induce multiorgan inflammation, raising
the possibility that the multiorgan inflammation in OT-I1 Sf mice contains an autoimmune
element. Sixth, a significant fraction of the expanded T cells contain dual TCR T cells bearing
two different Vo or two different V4 chains. Finally, our findings also have implication in
thymic selection, peripheral regulation, and expansion of T cells with respect to the affinity
requirements (or threshold of activation) of the responsible Ag. In other words, Ag with

J Immunol. Author manuscript; available in PMC 2009 November 15.
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sufficient affinity is required for the expansion of the nonclonotypic T cells even in the absence
of Treg.

The presence of ~39% of expanded T cells bearing the Va2i™ (Fig. 4A) and ~33% bearing the
VIt (Fig. 4B) in the OT-11 Sf lymph nodes implies that the two populations contain individual
T cells that express, respectively, an additional non-Va2 chain and non-V45 chain, i.e., they
are dual TCR cells. Indeed, dual TCR cells were observed in the lymph nodes and inflamed
lung (Fig. 4). These observations suggest that the dual TCR T cells were functional in OT-II
Sf mice and were capable of recognizing specific Ag and expanded. There is also a significant
fraction (~30%) of the spontaneously expanded V59 T cells (Fig. 4B) that are apparently
derived from various members of the endogenous VA families. Importantly, this V5M9
population of T cells is sufficient to transfer multiorgan inflammation in Rag1 ™/~ recipients,
demonstrating that the inflammation-inducing T cells are present in this population and that
they are derived without the participation of the Tg TCR.

It should be cautioned that the spontaneous expansion of non-clonotypic T cells over clonotypic
T cells described here covers only one foreign Ag epitope in the TCR Tg mice. In the vast
repertoire of foreign Ag-specific T cells in normal mice, a single T cell reactive with two
different epitopes is not uncommon. This has been well appreciated in the alloreactive T cell
clones of which some have specificities against foreign Ag such as OVA (8). In one such OVA-
specific, alloreactive clone examined, it was demonstrated that the different epitopes reacted
with only one TCR of the clone, presumably through molecular mimicking (8). In another
report studying human collagen type IV a2 chain-specific TCR Tg mice, dual Va TCR cells
were identified. The role of one TCR was found to help positive selection in the thymus,
whereas the “non-selected” TCR was responsible for collagen type 1V o2 chain reactivity
(23). Thus, Tg TCR may or may not function in dual TCR clones. Since only a limited number
of cases were examined, it remains possible that there are dual TCR T cells and each TCR of
the cell could react with a different epitope in the periphery. Such T cell clones were artificially
generated from double TCR Tg mice and each TCR was found responsive to its respective Ag
(24). The single TCR Tg OT-11 Sf mice offer a good source to determine whether such T cells
exist since dual TCR T cells have been greatly expanded. A study is in progress to determine
whether the V5"V 2! population in OT-I1 Sf mice could be expanded by OVA and what
is the consequence of such activation on the inflammation potential of the population.

Thymic selection for Treg requires high-affinity TCR-ligand interaction that induces deletion
of non-Treg (25,26). In the absence of such a ligand such as in the foreign Ag-specific Tg mice,
Treg are enriched in nonclonotypic T cells in which the clonotypic TCR are down-regulated
and often coexpressed with nonclonotypic TCR. The role of dual TCR Treg in the regulation
of a specific immune response, including autoimmune response, has been implicated (27—
33). In the DO11.10 Tg mice, a substantial portion of the CD25* Treg was found in the
KJI-261" and expressed dual Va TCR (4). It is known that positive selection of DO11.10 Treg
(KJ1-26M9M) is significantly increased in the presence of OVA, whereas non-Treg DO11.10
(KJ1-26M9M will be negatively selected under the same condition (15,31). Thus, the possibility
that this dual TCR Treg population (KJI-26/") was selected and maintained by host Ag but not
by OVA is high. Importantly, Treg expressing dual TCR prevented T cell-mediated colitis
against unrelated enteric bacterial Ag through OV A-induced tolerance (4). In addition, Treg
isolated from Ag-specific TCR Tg mice (dual TCR) have been shown to suppress Ag-specific
responses, suggesting the suppressive function of Treg can be induced through the down-
regulated clonotypic TCR (29,32,33). In this regard, our study suggests that Treg in OT-II mice
are able to inhibit the multiorgan inflammation apparently without involving clonotypic TCR
(V5highy/g2high) that are OVA specific.
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It is known for conventional T cells (non-Treg) that high-affinity Ag (or nominal Ag) induces
clonal deletion in the thymus, whereas positive selection often occurs in the absence of the
known nominal Ag, presumably low-affinity Ag analogs are sufficient for positive selection
but such analogs do not induce clonal expansion in the periphery (34,35). Our data indicate
that the Ag analogs capable of positively selecting clonotypic T cells in the thymus are not able
to induce clonotypic T cell expansion in the periphery even in the absence of Treg. This
interpretation has a significant implication in the control of potential autoreactive T cells in the
OT-I1 Sf mice. Since negative selection is normal in Sf mice (17), the potential autoreactive T
cells in the periphery should have low affinity for self-Ag below the threshold of activation
(36,37). However, whether the threshold of activation could be reached in the periphery in the
absence of Treg remains unknown. Our study based on the OT-II Sf mice suggests that the
specific Ag for their expansion cannot be the Ag analogs responsible for the positive selection,
but rather an Ag with sufficient affinity that is either absent during thymic selection or acquired
later in the host. An issue critical to further understanding how autoimmunity is regulated is
to identify the host Ag responsible for the expansion of autoreactive T cells in Sf mice.
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Page 11

Comparison of Treg expression, multiorgan inflammation, and disease manifestation among
OT-II, Sf, and OT-II Sf mice. Male B6, male OT-II, Sf, and OT-II Sf mice were examined for
CD4*Foxp3* Treg (A; n = 3, 3—4 wk old), body weight gain (B; n = 6), survival rate (C; n =
6), and multiorgan inflammation (D; n = 5). As compared with Sf mice, OT-Il Sf mice (5-6
wk old) had increased body weight gain and prolonged life span that resulted in inflammation
in multiple organs examined (D). To determine whether polyclonal-activated T cells induced
multiorgan inflammation, adult B6 mice (n = 3, 9 wk old) were treated with anti-CD3 mAb as

described in Materials and Methods and various organs were examined (D).
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FIGURE 2.

Rapid expansion of nonclonotypic T cells in OT-11 Sf mice occurs in the periphery but not
thymus. Single-cell suspensions were prepared from thymus or pooled lymph nodes from B6,
OT-11B6, and OT-II Sf mice (A-C; 3—-4 wk old) or lymph node cells of OT-I1 Sf mice of various
ages (D). Cells were stained with a mixture containing anti-Thy-1, anti-CD4 mAb, anti-CD8,
anti-Vp5, and anti-Va2 mAb. Expression was analyzed on T cells (A) and CD4-gated cells
(B-D). High expression of clonotypic T cells was observed in the thymus and lymph nodes of
OT-Il mice but only in the thymus of OT-II Sf mice. Expansion of nonclonotypic V/p5intneg
and Vo2iUned T cells was observed in the lymph nodes of OT-11 Sf mice (C). A significant
expansion of the nonclonotypic T cells was detected as early as 1 wk after birth (D). The data

J Immunol. Author manuscript; available in PMC 2009 November 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sharma et al.

Page 13

presented are one of at least two experiments for each study. Two or more individual mice
were used for each experiment.
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FIGURE 3.

Tissue distribution and cell surface phenotype of T cell populations compared between OT-II
B6 and OT-I1 Sf mice. Single-cell suspensions were prepared from pooled lymph nodes, blood,
and lungs from 4-wk-old OT-I1 B6 and OT-I1 Sf mice as previously described (19). Cells were
doubly stained with anti-V/45 and anti-Va2 mAb (A). VA5M9hV¢2high expression was reduced
from 91 to 36% for lymph nodes, 91 to 7% for blood, and 80 to 5% for lung. Cells were also
stained with a mixture containing allophycocyanin-Alexa Fluor750-anti-CD4 mAb, PE-anti-
V5, and various FITC-mAb including CD44, CD69, and CD62L (B-D). Expression of cell
surface markers was analyzed on CD4-gated cells. Clonotypic T cells as defined by V5high
displayed the Ty phenotype and were present more in the lymph nodes, whereas Ty/Tg cells
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(CD44highcDB2L1oW) that were significantly increased in the VA5"YNed T cells in the OT-11 Sf
mice were more frequently observed in the blood and inflamed lungs. The data shown are
representative of two experiments. At least two mice in each group were examined for each
experiment.
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FIGURE 4.

Dual TCR T cells were observed in the expanded populations. Lymph node cells or leukocytes
from inflamed lungs from 4-wk-old OT-1l1 B6 and OT-I1 Sf mice were stained with a mixture
containing anti-CD4 and anti-Va2 mAb and the gated populations were stained for
coexpression of V5 and V4 (or V6, V8.1, V14, A) or for coexpression of Va2 with a
mixture containing FITC-anti-Va3.1, anti-Va8, and anti-Vall mAb (B). Lymph node cells
from OT-1l B6 mice were used for comparison. The number of cells with dual V4 or dual
Va TCR were low in OT-II mice but were significantly increased in OT-Il Sf mice. Note:
please consider both the percentile of the gated population and the percentile of the dual TCR
in the gated population. The data are representative of one of three experiments.
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FIGURE 5.

V59 T cells from OT-11 Sf mice transferred multiorgan inflammation in Rag1~~ recipients.
VB5€3 T cells were prepared from OT-I1 Sf mice as described in Materials and Methods.
Rag1l~~ recipients (n = 3, 6 wk old) were transferred (i.v.) with 6 x 106 cells of the purified
population. Inflammation in various organs/tissues was determined 12 wk after transfer by
examination under a microscope of H&E-stained tissue sections (middle column; original
magnification, x100; right column; original magnification, x2000). Untreated Rag1 ™~ mice
were used as control (left column; original magnification, x100). The right column panels
demonstrate the presence of mononuclear and polymorphonuclear cells in the boxes in the
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middle column. The arrows indicate thickened skin and bronchial epithelium. The arrowheads
indicate regions of leukocytic infiltration.
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