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n understanding of the development
Aand function of T helper (Th) 1,
Th17 and regulatory T (Treg) cells is
critical toward revealing pro-inflamma-
tory immune responses, especially in
autoimmune diseases. However, there is
no standard protocol to monitor the
development of these cells over time
in vivo. This protocol details a method
to generate Thl, Th17, and Treg cells in
a T cell-induced colitis model in vivo and
monitor their dynamic changes, which
can be used for further investigations in
their development from naive CD4%
T cells in specific gene knockouts and
background strains. This protocol starts

Division of Rheumatology, First Affiliated Hospi-
tal, College of Medicine, Zhejiang University,
Hangzhou, Zhejiang Province 310003, China;
®Division of Rheumatology, Department of Med-
icine, Penn State University Hershey College of
Medicine Hershey, Hershey, PA 17033, USA;
SDepartment of Clinical Immunology, Third
Affiliated Hospital, Sun Yat-sen University,
Guangzhou 510120, China; “Division of Hema-
tology, First Affiliated Hospital, College of Medi-
cine, Zhejiang University, Hangzhou, Zhejiang
Province 310003, China and ®Research Service,
Memphis VA Medical Center, Memphis, TN, USA
Correspondence: Dr J Lin, Division of Rheuma-
tology, First Affiliated Hospital, College of Medi-
cine, Zhejiang University, Hangzhou, Zhejiang
Province 310003, China.

E-mail: linjinzju@zju.edu.cn

Professor SG Zheng, Division of Rheumatology,
Department of Medicine, Penn State University
Hershey College of Medicine Hershey, Hershey,
PA 17033, USA.

E-mail: szhengl@hmc.psu.edu

Received: 17 September 2017; Accepted:
19 September 2017

with the isolation of naive CD4*
CD45RBM&" T cells from C57BL/6
IL-17A%P mice followed by their ip.
injection into recombinase, activating
gene-1-deficient (Ragl™~) mice. At the
indicated time points, mice are killed,
and mesenteric lymphocytes and murine
lamina propria mononuclear cells are
isolated and subjected to flow cytometric
analysis to assess the development of
Thl, Thl7, and Treg cells and Th2,
Th9, Th22, and follicular T helper
(Tfh) cells. This protocol can be com-
pleted within 8 weeks.

CD4* T cells play a central role in the
function of the immune system, particu-
larly in adaptive immunity. They help
the activity of other immune cells by
releasing T cell cytokines. CD4* T cells
can be subdivided into lineages based on
immunological functions, specific tran-
scription factors, and cytokines: Thl,
Th2, Th9, Th17, Th22, Tth and Treg
cells. Aberrant activation of Thl, Th17,
Th22 and Tth cells has been implicated
in many autoimmune and inflammatory
diseases, whereas excessive Th2 activity
causes allergic diseases. Conversely,
impaired function of Treg cells causes
fatal inflammatory disorders both in
human and mouse.?

Although T helper and Treg cell
development has been extensively stu-
died in vitro,>* their development in vivo
is not as well understood. Here, we use
the classical T cell transfer model of
colitis originally described by Powrie®

to investigate the developmental charac-
teristics of various T helper and Treg
cells in vivo. Initially, Thl cells were
thought to dominate the pathogenesis of
colitis.> Recent studies indicate that Th17
cells are even more important than
Th1 cells in this process.6 In total, this
system could be used as a model to
investigate the development of Thl/
Th17 and Treg cells in vivo since CD4*
T cells isolated from mesenteric lymph
nodes (MLN) and colonic lamina pro-
pria (LP) express specific phenotypes and
functional characteristics of Th and Treg
cells.” Using Th17 reporter mice in a
colitis model, we herein provide a
detailed protocol and define the
dynamics of T helper and Treg cell
development in vivo.

ISOLATION OF NAIVE CD4*
CD45RBHIGH T CELLS FROM DONOR
MICE, INJECTION OF CELLS INTO
RAGI~- MICE

1. Splenic cells were collected from B6
IL-17A%%  wild type male mice
(~8 weeks), and CD4'T cells were
enriched by negative selection using
magnetic bead-based cell isolation
(Miltenyi AutoMACS).

2. Naive CD4*CD45RBM8" T cells were
isolated from CD4™T cells via FACS
cell sorting; the purity was >99%.

3. A total of 0.4x10° naive CD4%
CD45RBM8" T cells was injected i.p.
into Ragl ™~ male mice.
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Figure 1 Thl, Th17 and Treg cell development in colitis model. C57BL/6 Ragl~”~ mice are injected i.p. with 0.4x10° naive CD4*
CD45RBMgN T cells from C57BL/6 IL-17A8P donors. Mice are killed at different indicated times (2-8 weeks). (a) Representative plots of
proximal colon sections from the indicated experimental groups (200x magnification, scale bars, 50 uM); (b) Colitis score and (c) weight
curve are shown; (d) Frequency of IL-17A*CDA*T cells, (e) transcription factor RORyt, (f) IFN-y*CD4*T cells, (g) T-bet, (h) Foxp3*CD4*
T cells, (i) Neuropilin-1* and Helios™ CD4*T cells among CD4*T cells from mesenteric lymph node (MLN) and colonic lamina propria (LP)
in recipient mice. The summary data are shown at the bottom. The data indicate the mean +s.e.m. of two separated experiments. Each
group consists of five mice. *P<0.05 versus control group. **P<0.01 versus control group. NS, not significant.

MONITORING DISEASE
PROGRESSION, COLLECTING
TISSUES, SAMPLING, AND
SCORING FOR COLITIS

1. Disease progression was monitored by
weighing each mouse. Gradual weight
loss occurred at two weeks, and mild
colitis was observed. After 4 weeks,
mice developed signs of disease, such
as loose stools, diarrhea, and a
‘hunched-over’ appearance.

. At 2, 4, 6 or 8 weeks post-injection,
animals were killed and assessed for
macroscopic evidence of colitis.® Coli-
tis was clearly present at four weeks
with severity gradually increasing
through six weeks as evidenced by

crypt branching, irregularity of size
and shape, and an increase in chronic
inflammatory cell numbers in the
colon (Figures la and b).

T HELPER AND TREG CELLS

STAINING

1. Mesenteric lymphocytes and colonic
lamina propria mononuclear cells from
recipient mice were isolated at different
time points (2, 4, 6 and 8 weeks).

. T cell subsets stained with fluoro-
chrome-labeled or isotype antibodies
were analyzed for the percentages of T
helper and Treg cells

cytometry.

by flow
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DEVELOPMENT OF TH1 AND TH17

CELLS /N VIVO IN COLITIS MODEL

The use of IL-17A8® reporter cells pro-
vided the distinct advantage that we
could accurately identify Th17 cells with-
out extensive cellular disruptions caused
by fixation and permeabilization, which
provided a more flexible and accurate
analysis. We revealed that substantial
numbers of Thl7 cells are present in
MLN, as early as two weeks post transfer
and that the frequencies increase over
time, reaching peak levels at four weeks.
Although Th17 frequencies are slightly
lower in LP than in MLN, interestingly,
Th17 cells peak earlier in MLN than in
LP (Figure 1d). It is noted that the



expression levels of retinoic acid-related
orphan receptor gamma t (RORyt)* cells
parallel Th17 cell development in both
MLN and LP, even though RORyt levels
are reduced at six weeks (Figure le).

While Thl cells are no longer con-
sidered to be the cell type responsible for
pathogenicity in colitis, our study never-
theless ~ demonstrated  that IFN-y
*Thl cells gradually develop and that
their levels are similar or even higher
compared with Th17 cells in both MLN
and LP (Figure 1f). As expected, the Thl
cell transcription factor T-bet* could be
identified in cells found both in MLN
and LP. Unlike RORyt, T-bet" cells peak
at four weeks and rapidly reduce and
disappear 6-8 weeks later (Figure 1g),
suggesting different stabilities of Th1 and
Th17 cells in this model.

FOXP3* TREG CELL DEVELOPMENT
IN VIVO IN COLITIS MODEL
Foxp3* Treg cells play an important role
in the prevention of autoimmune
diseases.” We characterized the dynamics
of Foxp3* Treg cell development in vivo
since it had not been previously system-
atically defined. Unlike Thl and Th17
cells, Treg cells are almost undetectable
in MLN at two weeks, but they start to
appear at 4 weeks and gradually increase
until 8 weeks. However, Treg cells are
less developed in LP (Figure 1h).
Recent studies have suggested that
Neuropilin-1(Nrp-1) and Helios expres-
sion may help distinguish natural Treg
from induced Treg subsets.'®!! With this
in mind, we also analyzed the phenotypic
characteristics of these Treg cells. As
shown in Figure 1i, very few MLN
Foxp3* cells express Nrp-1, indicating
that these cells belong to the induced
Treg subset. We also found that these
cells express Helios in levels similar to
that reported for natural Treg cells. It is
not surprising that Helios may not be a
specific marker for natural Treg cells.!
We identified the characteristics of the
differentiation and development of Thl,
Th17 and Treg cells in vivo using
dynamic analysis. MLN are the most
ideal tissue to analyze the above three
subset developments in vivo. Thl and
Th17 cells emerge at two weeks and
reach peak levels at four weeks. These
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data suggest that a 4-week period of
observation is sufficient for Thl and
Th17 cell development in this model.
Treg cells emerge a little later with peak
levels appearing in the late stage of
disease. It is possible that the late appear-
ance of Treg cells represents a compen-
satory feedback to dampen the pro-
inflammatory effects of Thl and Th17
cells. While the Treg cells can not
completely prevent disease, it is possible
that disease progression will be exacer-
bated if these Treg cells are absent.'®

TH2, TH9, TH22 AND TFH CELLS
ARE LESS DETECTABLE

We also analyze the developmental abil-
ity of Th2, Th9, Th22 and Tth cells since
they also play important roles in different
immune responses. As expected, the
levels of these cells are much lower in
eitherr MLN or LP in colitis
(Supplementary Figures la—c). Thus,
colitis may not be an ideal model to
determine the differentiation and
mechanisms of these cell subsets
in vivo. As reported previously, Tth cells
were significantly increased in mice
immunized with keyhole limpet hemo-
cyanin (KLH) protein in vivo,'* suggest-
ing that the KLH model could be utilized
as an alternative for monitoring the
development of Tth cells. In total, an
obvious advantage is that naive CD4"
CD45RB"&" T cells from any gene
knockout mice on B6 background can
be transferred into B6 Ragl ™~ mice, and
the role of suspected gene(s) on Th17,
Thl, and Treg cell development and
colitis inflammation could be identified.
For instance, transfer of CD4"
CD45RB8" T cells isolated from RORyt
KO mice into Ragl™~ recipients fails to
induce colitis, suggesting that the Th17
cell subset is crucial for disease induction
in the colitis model.!> Taken together,
our data have demonstrated the dynamic
changes and differentiation features of
Th1, Th17, Treg and other T helper cells
in an adoptive transfer model of colitis
in vivo. This protocol can provide impor-
tant information on the differentiation
and development of T helper and Treg
subsets at different time points during
disease induction or under the influence
of novel gene(s).
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