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Abstract: T follicular helper (T_,) cells are crucial for effective humoral immunity by providing the required signals
to cognate B cells and promoting germinal center (GC) formation. Many intrinsic and extrinsic factors have been
reported to be involved in the multistage, multifactorial differentiation process of T_, cells. By comparing gene
expression between T cells and T 1 cells based on published GEO data, we found selective and high expression
of sclerostin domain-containing protein 1 (SOSTDC1) in T, cells but not in T 1 cells; however, it is unclear whether
SOSTDC1 is important for the differentiation and/or function of T, cells. Using a mouse model of acute lymphocytic
choriomeningitis virus (LCMV) infection, we confirmed the selective expression of SOSTDC1 in T, cells compared
to thatin T 1 cells, but the ablation of SOSTDC1 did not affect T_, cell differentiation or effector function. Thus, our
results indicate that the SOSTDC1 protein is merely a specific marker of T_, cells but does not play a functional role
in the differentiation of T, cells during acute viral infection.
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Introduction

CD4* T cells initiate a multi-step transcriptional
program when viral pathogens are recognized,
thereby directing the differentiation of CD4* T
cells into T 1 and follicular helper T (T,,,) cells
that coordinate to clear the viral infection [1, 2].
T,1 cells depend on the transcription factor
T-bet for lineage-specific differentiation [3, 4]
and secrete inflammatory cytokines, primarily
IFN-y, to mediate effector immune function.
However, the differentiation of T_, cells is medi-
ated primarily by the lineage-determining tran-
scription factor Bcl6 [5-7]. T_, cells highly
express chemokine receptor CXCR5 to enable
their homing to B cell follicles within secondary
lymphoid tissues [8-12], where T, cells interact
with germinal center (GC) B cells and provide
the essential signals to GC B cells for the ensu-
ing development of high-affinity and long-lived
plasma cells and memory B cells [13-15].

Apart from the master transcription factors, a
network of cytokines also participates in con-

trolling the differentiation of CD4* T cells during
acute viral infection. For example, I1L-12, mainly
produced by antigen-presenting cells, induces
T,1 cell differentiation in a paracrine manner
[16]. IFN-y produced by T,1 cells through an
autocrine mechanism can also promote T 1 cell
differentiation via activating STAT1 [17-19].
Additionally, IL-4, which can be produced by T, 2
cells, can promote TH2 cell differentiation th-
rough activating STAT6 in an autocrine sign-
alling manner [20-22]. In addition, IL-2, mainly
produced by T 1 cells, is important for the dif-
ferentiation of T,2 cells in vitro through activat-
ing STAT5 in a paracrine manner [23, 24]. For
T 17 cells, TGF-B, with IL-6-mediated STAT3
activation, promotes TH17 cell differentiation
[25, 26]. Additionally, the IL-2-mTORC1 signa-
lling axis orchestrates the reciprocal balance
between the T, 1 and T_, cell fates by promoting
T,1 while inhibiting T_, cell differentiation.
Similarly, T_, cells also regulate themselves and
other cells through autocrine and paracrine
manners. For example, IL.-21 and IL-4 which
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were produced by T_, cells can contribute to GC
formation, affinity maturation and immunogl-
obulin class switching in a paracrine manner.
IL-21 can also promote T, cell survival in an
autocrine manner [27]. Whether any secretory
proteins produced by T, cells-in addition to the
cytokines involved in T, cell differentiation-
could influence T_, cell differentiation and
effector function remains largely unknown.

Sclerostin domain-containing protein 1 (SO-
STDC1) is a secreted protein also known as
Ectodin, USAG-1 and WISE. It is an important
regulator of cell signalling and participates in
various developmental processes, including
hair follicle and trigeminal ganglion formation,
limb morphogenesis and tooth development
[28-31]. SOSTDC1 is also coupled with some
disease processes, such as adult renal cancer,
paediatric Wilms’ tumours, and breast and gas-
tric cancer [32-35]. Its gene has been identified
as a candidate tumour suppressor gene in
these types of tumours [34]. SOSTDC1 particip-
ates in these physiological and pathological
processes mainly due to the regulation of the
bone morphogenetic protein (BMP) and Wnt
signalling pathways [36, 37]. BMP is an import-
ant ligand that can activate various pathways
involved in cell differentiation and proliferation.
Binding of BMP to BMP receptors can phospho-
rylate receptor-regulated Smad proteins (Smad-
1, -5, and -8), which associate with Smad-4 and
form the Smad complex [38, 39]. Then, this
complex enters the nucleus and, in turn, induc-
es the transcription of an array of cell regulato-
ry factors related to proliferation and differen-
tiation, such as p53, p21 and Bcl2 [40, 41]. In
addition, SOSTDC1 can inhibit the interaction
of BMP with its receptors by directly binding to
BMP, thus limiting BMP activity [42]. The inf-
luence of SOSTDC1 on the Wnt signalling pa-
thway has different manifestations [43]. SO-
STDC1 can decrease Wnt signalling by blocking
the binding of Wnt8 to LRP6 receptors [44].
Other reports have suggested that secretory
SOSTDC1 exerts either inhibitory or activating
effects, while the form localized in the endo-
plasmic reticulum (ER) is exclusively inhibitory
[45].

Despite the profound effects of SOSTDC1 on
organ development and tumour formation,
whether SOSTDC1 regulates T cell immune
responses is not clear. One study showed that
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SOSTDC1 expression is higher in T, cells than
in naive CD4* T cells on day 7 post sheep red
blood cell (SRBC) immunization [46]. A previous
study in our laboratory also suggested that the
mRNA level of SOSTDC1 in T_, cells was signifi-
cantly higher than that in T,1 cells on day 8
after lymphocytic choriomeningitis virus (LCMV)
Armstrong infection. However, the expression
level of SOSTDC1 in TCF-1-null T, cells was dr-
amatically decreased [2]. Despite the high tr-
anscription levels of SOSTDC1 in T, cells, wh-
ether SOSTDC1 functions to regulate the diff-
erentiation and effector functions of T_, cells
remains unknown.

Here, we first observed abundant SOSTDC1
expression at both the mRNA and protein levels
in T, cells relative to that in T 1 cells in a model
of acute LCMV infection. Next, we used a con-
ditional knockout system to investigate the
putative regulation of SOSTDC1 on the T_, cell
response to acute viral infection. Our results
indicated that deletion of Sostdc1 specifically
in CD4* T cells did not affect the differentiation
of T., cells. In addition, SOSTDC1-deficient T,
cells also showed normal auxiliary function to B
cells. In addition, we noted the normal immune
responses of T 1, Foxp3* Treg and follicular
regulatory T (Tfr) cells in this model. Taken
together, our findings demonstrate that
SOSTDC1 serves as an indicator but not a regu-
lator of T_, cell differentiation during acute viral
infection.

Materials and methods
Mice, virus and immunization

Sostdc1™" mice were obtained from Cyagen
Biosciences (Santa Clara, USA) and the PCR
genotyping primers are: F. 5-TGGCGTTCTTT-
CCTGGGTAGTGA-3’, R: 5-TAGACATCTGTGTGAG-
CAATTCCAT-3. Cd4-Cre transgenic and C57-
BL/6J (CD45.2*) mice were obtained from The
Jackson Laboratory. SMARTA (CD45.17) T ce-
Il receptor transgenic mice and the LCMV
Armstrong strain were provided by R. Ahmed
(Emory University). Sostdc1"" mice were bred
with Cd4-Cre transgenic mice to generate
Sostdc1¥" Cd4-Cre mice. All mice were on a
C57BL/6 background and housed under spe-
cific-pathogen free (SPF) conditions. Mice we-
re infected with 2 x 10° plaque-forming units
(PFU) of LCMV Armstrong virus at 6-10 weeks of
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age, and both sexes were included without ran-
domization or “blinding”. For all analyses, at
least 3 animals of each group were matched for
age and sex. All immunized mice were hous-
ed in accordance with institutional biosafety
regulations of the Third Military Medical Un-
iversity. All mouse experiments were condu-
cted in accordance with the guidelines of the
Institutional Animal Care and Use Committees
of the Third Military Medical University.

Flow cytometry and antibodies

Single-cell suspensions of spleen were pre-
pared from mice infected with LCMV Armstro-
ng virus. For surface staining for flow cytome-
try, cells were incubated with a saturating am-
ount of monoclonal antibodies against CD4
(RM4-5, Biolegend; 1:200), CD8 (53-6.7, BD
Biosciences; 1:200), CD44 (IM7, eBioscience;
1:100), ICOS (C398.4, Biolegend; 1:100), PD-1
(RMP1-30, eBioscience; 1:100), CTLA-4 (UC10-
4B9, Biolegend; 1:50), Live/Dead (L10119, Life
Technologies; 1:200), CD138 (281-2, BD Bio-
sciences; 1:50), B220 (RA3-6B2, eBioscience;
1:200), PNA (FL-1071, Vector Labs; 1:100), FAS
(JO2, BD Biosciences; 1:50), CD19 (6D5, Bio-
legend; 1:100), CD45.1 (A20, Biolegend; 1:
100), and SLAM (TC15-12F12.2, Biolegend;
1:100). Staining was performed for 30 min at
4°C in phosphate-buffered saline (PBS) co-
ntaining 2% fetal bovine serum (FBS, weight/
volume). CXCR5 staining was performed as pr-
eviously described [47]; cells were stained with
purified rat anti-mouse CXCR5 (2G8, BD Bi-
oscience; 1:100) antibody at 4°C for 1 h, foll-
owed by biotin-streptavidin-conjugated goat
anti-rat 1gG (112-065-143, Jackson Immunor-
esearch; 1:300) on ice for 30 min. Finally, ce-
lls were washed and stained with streptavidin
(25-4317-82, eBioscience; 1:200) and other
surface antibodies on ice for 30 min in PBS
supplemented with 2% FBS, 1% bovine serum
albumin (BSA) and 2% normal mouse serum.
Staining of intranuclear Bcl6 (K112-91, BD
Bioscience; 1:50), TCF-1 (C46C7, Cell Signalling
Technology; 1:400) and Foxp3 (FJK-16s, eBio-
sciences; 1:100) was performed with Foxp3/
Transcription Factor Staining Buffer (005523;
eBioscience). Stained cells were evaluated by
FACS Canto Il flow cytometry (BD Bioscience),
and the flow cytometry data were analysed with
FlowJo software (Tree Star).
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Adoptive cell transfer and cell sorting

A total of 2 x 10% naive SMARTA (CD45.1")
cells were adoptively transferred into naive
C57BL/6J (CD45.2%) recipient mice, which were
infected intraperitoneally with 2 x 10% PFU of
LCMV Armstrong virus the next day. To isolate
CD4* T cells, lymphocytes isolated from naive
and SMARTA-transferred mice on day 8 post
LCMV Armstrong infection were subjected to
lineage depletion using biotin-conjugated anti-
bodies (anti-B220 (RA3-6B2), anti-CD11c (N4-
18), anti-CD11b (M1/70), anti-TER119 (TER-
119), anti-NK1.1 (PK136), and anti-CD8 (53-
6.7) for sorting CD4* T cells, Biolegend) coupl-
ed with Beaver Beads Magb00 Streptavidin
Matrix (22302; Beaver). The naive CD4* T cells
(CD4*CD44-CD62L"), T, cells (CD4°CD44" SL-
AM-CXCR5"), and T,1 cells (CD4*CD44*CXCR5
SLAM*) were sorted by a FACS Aria |l cell sorter
(BD Biosciences).

Retroviral transduction

The Sostdcl coding sequences were inserted
into MIGR1 (MSCV-IRES-GFP) vectors as previ-
ously reported [2]. Retroviral vectors were
transfected into 293T cells along with the
pCLee® plasmid to generate recombinant retrovi-
rus in culture supernatants. SMARTA cells were
activated by intravenous injection of 200 ug of
GP61-77 peptide. Eighteen hours later, pre-
activated SMARTA cells were purified by biotin-
conjugated antibodies coupled with Beaver
Beads as described above. Then, the SMARTA
cells were “spin-infected” with freshly harve-
sted retrovirus supernatants for 90 minutes
at 37°C by centrifugation (2100 rpm) in the
presence of 20 ng/ml IL-2 (130-098-221,
Miltenyi Biotec) and 8 ug/ml polybrene (H9268,
Sigma-Aldrich). Retrovirus-transduced SMARTA
cells were transferred into recipient mice, which
were infected with LCMV Armstrong the next
day.

Western blotting

A total of 5 x 10° cells were washed twice in
pre-cooled PBS and lysed in RIPA buffer
(Thermo Scientific) containing phenylmethan-
esulfonyl fluoride and protease inhibitor cock-
tail (Cell Signaling Technology). Protein lysates
were run on 12% SDS-PAGE gels (Beyotime)
and transferred to polyvinylidene difluoride
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membranes (Millipore) after electrophoresis.
Membranes were blocked in PBS supplemen-
ted with 0.1% Tween 20 and 5% BSA for 2 h. Me-
mbranes were then incubated with anti-SOST-
DC1 (PA5-72000, Thermo Scientific; 1:2000) or
anti-B-actin (8H10D10, Cell Signaling Techno-
logy; 1:1000) primary antibodies at 4°C over-
night, followed by a 2 h incubation with HRP-
conjugated anti-rabbit IgG antibody (124398,
Jackson ImmunoResearch). Finally, ECL (Be-
yotime) was used to visualize proteins.

Quantitative RT-PCR

To compare the Sostdcl gene expression leve-
Isin T, cells from WT and Sostdc1"" Cd4-Cre
mice on day 8 post LCMV Armstrong infection,
CD4*CD25°GITRCD44*CXCR5* T, cells were
sorted and lysed in TRIzol LS reagent (10296;
Life Technologies). Total RNA was extracted
and reverse transcribed with a RevertAid H
Minus First-Strand cDNA Synthesis Kit (K1632;
Thermo Scientific). The expression levels were
measured using a QuantiNova SYBR Green
PCR Kit (208054; Qiagen) on a CFX96 Touch
Real-Time System (Bio-Rad). The sequences of
the Sostdcl primer pairs are as follows:
Sostdcl Forward, 5-GAGGCAGGCATTTCAGTA-
GC-3’ and Sostdcl Reverse, 5-GTATTTGGTG-
GACCGCAGTT-3'. The B-actin expression level
was calculated for normalization.

Immunohistochemistry

Fresh spleens from WT and Sostdc1"" Cd4-Cre
mice on day 8 post LCMV Armstrong infection
were harvested and soaked in OCT, then snap-
freeze it on liquid nitrogen. Sections 5-10 ym in
thickness were cut with Leica Cryostat, mount-
ed on Superfrost Plus glass slides. Before
staining, thaw the slides at room temperature
and fix in cold acetone for 10 min. Dehydrate
slides in PBS (containing with 1% BSA) for 10
min, then PBS rinse 4 times. Block slides with
blocking buffer (PBS + 5% BSA) for 40 min in
wet chamber. Sections were then stained with
PE-conjugated CD4 (RM4-5; BD Biosciences;
1:50), Alexa Fluor 647-conjugated IgD (11-26c¢.
2a; eBioscience; 1:50) and FITC-conjugated
GL7 (GL7; BD Biosciences; 1:50) antibodies.
Rinse slides in PBS for 4 times, and briefly rinse
sections in ddH,0 and wait until almost dry.
Finally, coverslips were mounted on slides with
the Prolong Antifade Kit (P-7481; Life Te-
chnologies) and examined under Zeiss LSM
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800 confocal fluorescence microscope. The
images were analysed with ImageJ software.

Statistical analysis

Statistical analysis was conducted with Pri-
sm 6.0 software (GraphPad). An unpaired two-
tailed non-parametric t-test with a 95% confi-
dence interval was used to assess between-
group differences. For the retroviral transduc-
tion assay, a paired two-tailed t-test with a 95%
confidence interval was used to calculate the P
values. Significance was defined as P < 0.05.

Results

SOSTDC1 expression is abundant in T, cells
but notin T, 1 cells or naive CD4* T cells

Virus-specific naive CD4* T cells mainly differ-
entiate into T_, and T,1 cells under conditions
of acute viral infection [2, 48, 49]. From the
published data sets (GEO accession code
GSE65693), we found that Sostdcl is one of
the top 20 genes upregulated in T, cells com-
pared with T 1 cells and naive cells (Figure 1A).
In addition, similar results were reported in an
article by Youn Soo Choi et al [50] (data not
shown). To further confirm the expression of
SOSTDC1 in these CD4* T cell subsets, we
adoptively transferred congenically marked
(CD45.1") naive SMARTA transgenic CD4* T
cells (with a T cell antigen receptor specific for
the epitope on LCMV glycoprotein (amino acids
66-77)) into wild-type C57BL/6) (CD45.2%)
recipients, which were infected with LCMV
Armstrong the next day. On day 8 post infe-
ction, antigen-specific T_, cells and T 1 cells
were sorted and analysed with naive SMARTA
cells. Similarly, T, cells expressed higher
SOSTDC1 expression at both the mRNA and
protein levels than naive CD4" T cells and T, 1
cells, as shown by the reverse transcription
quantitative PCR (RT-PCR) assay and immun-
oblot analysis, respectively (Figure 1B, 1C).
Taken together, these results demonstrate that
SOSTDC1 was selectively expressed in T_, cells
compared with T, 1 cells following LCMV
Armstrong infection.

SOSTDC1 is not required for T, cell differentia-
tion during acute viral infection

The high expression level of SOSTDC1 in T,
cells prompted us to investigate whether
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Figure 1. SOSTDC1 expression is abundant in T_, cells but not in T 1 cells or naive CD4* T cells. Naive SMARTA
(CD45.1%) cells were transferred into C57BL/6J (CD45.2*) mice followed by LCMV Armstrong infection the next day.
On day 8 after infection, CD45.1* T_, (CD4*CD44*SLAMCXCR5") and T,1 (CD4"CD44*SLAM*CXCR5) cells were
sorted and analysed with naive SMARTA cells (CD4*CD62L*CD44"). A. Heat map of the top 20 genes with higher
expression in T, cells than in T,1 cells and naive cells (left). The fluorescence intensity of the Sostdc1 probe in T,
T,1 and naive cells (right) from previous microarray data from our laboratory (GEO accession code GSE65693).
B. Quantitative RT-PCR analysis of Sostdcl1 gene expression in T., cells and T, 1 cells in the spleen of wild-type
(CD45.2%) mice adoptively transferred with SMARTA cells (CD45.1*) on day 8 post infection with LCMV Armstrong
and in naive CD4* T cells (CD62L*CD44). C. Immunoblot analysis of SOSTDC1 and B-actin (loading control) expres-
sion in naive, T.,and T,1 cells. N. D., not detected. ****P < 0.0001 (unpaired two-tailed t-test; the error bars in A
and B indicate the standard errors).

SOSTDC1 plays a functional role in the differ- expression of Cre recombinase from the T cell-
entiation of T, cells. We generated Sostdc1"" specific Cd4 promoter). The genotyping data
Cd4-Cre mice (called “Sostdc1” mice” here) by indicated the expected genotypes (Figure 2B).
crossing Sostdc1™ mice (in which the loxP To assess the knockout efficiency in the
sites were knocked in in the flanking regions of Sostdc1” mice, on day 8 after LCMV Armstrong
the first exon of the Sostdc1 alleles, Figure 2A) infection, we sorted the T_, and T,1 cells from
with Cd4-Cre mice (which had transgenic both the WT and Sostdc1” groups and found
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Figure 2. The generation and validation of Sostdc1"" Cd4-Cre mice. (A) Schematic map showing the generation
of Sostdc1™" mice. The PCR genotyping results for the Sostdc1"", Sostdc1"- and Sostdc1”- (WT) mice combined
with marker (D2000) are shown in (B). (C) Expression of SOSTDC1 in T, and T 1 cells in spleens from Sostdc1"
' Cd4-Cre (Sostdec17") and wild-type (WT) mice 8 days after infection with LCMV Armstrong. The bars in C represent
the standard errors. The p value in (C )was calculated by an unpaired t-test; **P < 0.01, ***P < 0.001, and ****P
< 0.0001. The data are representative of the results of three independent experiments with at least three or four

mice per group.

that Sostdcl RNA expression was apparently
abrogated in the T_, cells from Sostdc1” mice
(Figure 2C).

On day 8 after infection with LCMV Armstrong,
we observed a comparable frequency and num-
ber of T, cells (CD4"Foxp3'CD44*CXCR5") and
T,1 cells (CD4'Foxp3'CD44"CXCR5") in Sost-
dc1’-and WT mice (Figure 3A, 3B). In addition,
we assessed the expression of T, cell-asso-
ciated molecules and found that except for
the expression of PD-1 and Bcl6, which was
decreased in Sostdc1”- mice, the expression of
other molecules, such as CXCR5, ICOS and
TCF-1 was not significantly different between
the Sostdc1” and WT groups (Figure 3C, 3D).
We further confirmed this phenotype by RT-PCR
and found that the RNA expression levels of
Cxcrb, Bel6, Tef7 and Tbx21 in T, and T 1 cells
were comparable between the WT and Sos-
tdc1”- groups (Figure 3E). Together, these data
demonstrate that the absence of SOSTDC1 did
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not affect the differentiation of TFH cells. Next,
we wondered whether SOSTDC1 overexpres-
sion would influence the commitment of T_,
cells in response to acute viral infection. To this
end, we used a retroviral system to greatly
enhance SOSTDC1 expression in activated
SMARTA cells, which were then transferred into
recipient mice and infected with the LCMV
Armstrong strain the next day (Figure 3F). The
assessment of SLAM'CXCR5" T, cells on day 8
post infection showed no difference between
the GFP- and GFP* SMARTA cell populations in
the SOSTDC1 overexpression group (Figure
3G). Taken together, these data reveal that
SOSTDC1 was not required for the fate of T,
cell differentiation during acute viral infection.

SOSTDC1-deficient T, cells show normal ef-
fector functions

Although SOSTDC1 was not essential for T, dif-
ferentiation, it might be involved in helping B
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Figure 3. SOSTDCL1 is not required for T_, cell differentiation during acute viral infection. (A) Flow cytometry of CD4* T cells in the spleens of either WT mice (WT)
or Sostdc1™" Cd4-Cre mice (Sostdc1”) on day 8 after LCMV Armstrong infection. The percentages of CD4*Foxp3 T cells (left), CD44*CXCR5* T (T, cells and
CD44*CXCR5 T (T,1) cells (right) in the WT (upper) and Sostdc1” (lower) groups are indicated, and the statistical data are shown in (B). (C) Summary of CXCR5,
ICOS, PD-1, TCF-1 and Bcl6 expression in T, cells from the WT and Sostdc1” groups calculated by subtracting the MFI of the isotype controls. (D) Statistical data
for the expression levels of CXCR5, ICOS, PD-1, TCF-1 and Bcl6 in the T_, cells described in (A). (E) Quantitative RT-PCR analysis of Cxcr5, Bcl6, Tef7 and Thx21 gene
expression in the T,1 and T, cells described in A normalized to the corresponding expression levels in WT T, 1 cells. (F) A brief summary of the experimental strategy
is shown. SMARTA cells transduced with (GFP*) or not transduced (GFP") with retrovirus expressing empty vector or a Sostdcl1 overexpression plasmid were then
transferred into recipients, which were subsequently infected with LCMV Armstrong the next day. (G) Flow cytometric analysis (left and middle) of the proportion of
SLAMCXCR5" T, cells in both GFP* SMARTA cells and GFP"SMARTA cell populations on day 8 post infection as described in (F); the statistical data are shown to the
right. The numbers adjacent to the outlined areas indicate the proportion of each cell type (A, G). The bars represent the standard errors (B, D, E). The p value was
calculated by an unpaired t-test in (B, D, E) and by a paired t-test in (G); *P < 0.05, **P < 0.01 and ****P < 0.0001. ns, no significance. The bars in (B, D) and (E)
represent the standard errors. The data are representative of the results of three independent experiments with at least three or four mice per group.
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cell responses in a paracrine manner after
secretion from TFH cells. Thus, we also investi-
gated the GC reaction in Sostdc1” and WT mice
on day 8 after LCMV Armstrong infection. We
observed a comparable frequency and number
of GC B cells (characterized by high expression
of FAS (CD95) and peanut agglutinin (PNA))
and plasma cells (CD138"B220"°) in the
Sostdc1” and WT groups (Figure 4A, 4B).
Furthermore, we performed an immunohisto-
chemistry (IHC) experiment. The morphology of
GCs in the Sostdc1” and WT groups was not
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different (Figure 4C). Taken together, these
results indicate that SOSTDC1 deficiency in T_,
cells did not impair the effector function of
these cells on the GC formation, which allows
normal humoural immunity ability under condi-
tions of acute viral infection.

Roles of SOSTDC1 in Foxp3* Treg cells and Tfr
cells

Follicular regulatory T (Tfr) cells are a unique
subset of Foxp3*CD4* regulatory T (Foxp3* Tr-
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eg) cells that suppress an excessive GC rea-
ction by acting on both T, cells and GC B cells.
Previously published microarray data showed
that Tfr cells express SOSTDC1 at higher levels
than naive CD4* T cells [46]. Therefore, we
speculated that SOSTDC1 may play a role in the
differentiation of Tfr cells. To test this hypo-
thesis, we compared the Foxp3* Treg and Tfr
populations between Sostdc17-and WT mice on
day 8 after LCMV Armstrong infection. We
noted a comparable frequency of both Foxp3*
Treg cells (CD4*Foxp3*) and follicular regulatory
T (Tfr) cells (CD4*Foxp3*CD44*CXCR5") in the
Sostdc1”-and WT groups, although the number
of cells in these two populations was slightly
increased in the Sostdcl” group (Figure 5A,
5B). We also assessed the expression of the
receptors CTLA-4 and GITR, which are function-
al markers of Foxp3* Treg and Tfr cells. Notably,
the mean fluorescence intensities (MFIs) corre-
sponding to CTLA-4 and GITR expression did
not differ between the Sostdc1”-and WT groups
(Figure 5C-F). Taken together, these data sug-
gest that similar to the findings in T cells,
SOSTDC1 was dispensable for the fate of Tfr
and Foxp3* Treg cell differentiation during
acute viral infection.

Discussion

In response to acute viral infection, virus-spe-
cific CD4* T cells are programmed to differenti-
ate into either T, cells or T 1 cells [2, 48, 49].
SOSTDC1 was highly expressed in T, cells but
not in T,1 cells during this bifurcated differ-
entiation process. Therefore, it is tempting to
speculate that the selective expression of
SOSTDC1 may promote the T_, cell response to
acute viral infection. Given that SOSTDC1 is a
secretory protein, it might favour T_, differentia-
tion in an autocrine manner. However, in this
study, we found that the differentiation of T
cells seemed to be independent of SOSTDC1
expression in a mouse model of LCMV Ar-
mstrong infection. Additionally, we found the
normal GC response in Sostdc1” mice, which
indicated that T_,-derived SOSTDC1 does not
act on B cells in a paracrine manner. Although
T_,-derived SOSTDC1 does not appear to regu-
late T_, differentiation and effector function, we
propose that it may be involved in regulating
other T_ -associated physiological activities.
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Similar to the case in T, cells, high expression
of SOSTDC1 has been reported in Tfr cells [46].
Therefore, we also examined the role of
SOSTDC1 in Foxp3* Treg and Tfr cells in this
study. We did not observe a notable phenotype
in Sostdcl” mice compared to WT mice.
Combined with the results for T_, and Foxp3*
Treg, Tfr, and T, 1 cells, this finding indicates
that it is reasonable to conclude that SOSTDC1
expressed by T_, and Tfr cells does not play a
functional role in guiding the lineage commit-
ment of these cells during LCMV Armstrong
infection.

Moreover, SOSTDC1 is reported to be involved
in tissue development and tumourigenesis-
both physiologically and pathologically-primari-
ly by modulating the activity of the BMP and
Wnt signalling pathways. For example, in breast
cancer and adult renal cancer, SOSTDC1
expression is downregulated. This downregula-
tion attenuates the inhibition of the BMP and
Wnt signalling pathways, which results in sub-
optimal control of tumour cells [33, 51-53].
Considering the high expression level of
SOSTDC1 in T, cells, T, cells may also be
involved in anti-tumour activities by producing
copious amounts of SOSTDC1. However, this
hypothesis requires further investigation.

In conclusion, in this study, we clarify the effect
of the SOSTDC1 protein on T_, cell differentia-
tion and effector functions under conditions of
acute viral infection for the first time. These
findings provide novel insight into our under-
standing of the molecular mechanisms underly-
ing T, cell differentiation.
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Figure 5. Roles of SOSTDC1 in Foxp3* Treg cells and Tfr cells. (A) Flow cytometric analysis of CD4* T cells in the spleens of either WT mice (WT) or Sostdc1"" Cd4-Cre
mice (Sostdc1”) on day 8 after LCMV Armstrong infection. (B) The percentages and numbers of CD4*Foxp3* T (Foxp3* Treg) cells and CD4*Foxp3*CD44*CXCR5* T
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