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Lymphoid organ hypertrophy is a characteristic feature of acute infection and is con-
sidered to enable efficient induction of adaptive immune responses. Accordingly, oral
infection with rotavirus induced a robust increase in cellularity in the mesenteric LNs,
whose kinetics correlatedwith viral load andwas caused by halted lymphocyte egress and
increased recruitment of cells without altered cellular proliferation. Lymphocyte seques-
tration and mesenteric LN hypertrophy were independent of type 1 IFN receptor signaling
or the continuous presence of TNF-α. Our results support previous findings that adaptive
immunity toward rotavirus is initiated primarily in themesenteric LNs and show that type
I IFN or TNF-α are not required to coordinate the events involved in the LN response.
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� Additional supporting information may be found online in the Supporting Information section
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Introduction

Naïve lymphocytes recirculate continuously between the blood
and secondary lymphoid organs, which they enter via high
endothelial venules, before spending several hours migrating ran-
domly in the search for antigen. In the absence of cognate anti-
gen, lymphocytes exit into the lymph and eventually return to
the bloodstream through the thoracic duct [1–4]. Under steady-
state conditions, lymph node (LN) cellularity is strictly controlled
[5], but this changes during infection or inflammation, when
alterations in leukocyte trafficking lead to transient hypertrophy
of the local LNs [6–10]. In part, this reflects increased recruit-
ment of lymphocytes due to remodeling and expansion of the
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high endothelial venules network mediated by VEGF produced
by migratory dendritic cells (DCs) responding to PAMPS. In par-
allel, lymphocytes recognizing antigen transported from inflamed
tissue by DCs become trapped in the draining LN and begin to pro-
liferate. Finally, the exit of lymphocytes from the LN into the effer-
ent lymph is blocked transiently, a process referred to as LN shut-
down. By facilitating serial and long-lasting encounters between
specific lymphocytes, DCs, and cognate antigen, LN hypertrophy
is crucial for the efficient priming of adaptive immune responses
[10–14].

A number of important players have been implicated in the
coordination of LN hypertrophy, including type I IFN [15,16],
TNF-α [17,18], IL-6 [19], complement [9], sphingosine-1 phos-
phate (S1P) [20], and β2 adrenergic receptor signaling [21].
However, the mechanisms involved in the response to specific
pathogens in an anatomically defined tissue such as the intestine
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are still poorly defined. Indeed, it has been reported that the
hypertrophy and shutdown of lymphocyte egress in Peyer’s
patches (PPs) after infection with Salmonella was independent
of type I IFN, TNF-α, and S1P [22]. As type I interferons (IFN-
α/β) and TNF-α play pivotal roles in the priming of adaptive
immune responses to viral infections including rotavirus (RV)
[23–26], here we have examined the roles of these mediators
in the context of murine RV infection of the intestine. We and
others have shown previously that this model leads to tem-
porary accumulation of B cells in the mesenteric LNs (mLNs)
[27–29] and that the infection is controlled by coordinated
activation of T-cell-dependent antibody production and CD8+

T-cell mediated immunity [27,28,30,31]. Our results show that
RV infection induces hypertrophy of the local secondary lymphoid
organs (mLN, PP), with accumulation of all major circulating
lymphocyte populations. mLN hypertrophy was associated with
decreased lymphocyte egress and increased recruitment of cells,
but without substantial local proliferation. The LN hypertrophy
was independent of specific antigen receptor-, type 1 IFN receptor
(IFNAR)-, or TNF receptor (TNFR)-mediated signaling, indicating
that further work is needed to elucidate the mechanisms of LN
shutdown in response to intestinal pathogens.

Results

RV-induced hypertrophy occurs primarily in the mLNs

We have previously reported that RV infection triggers a transient,
threefold increase in total B-cell numbers in the mLNs between
days 4 and 7, returning to baseline levels by day 8 postinfection
[27]. To define the extent of this phenomenon in more detail,
we monitored the changes in all hematopoietic cells in different
lymphoid tissues over time in the model of oral RV infection in
adult C57Bl/6 mice. As expected, the mLNs of RV-infected mice
increased in size compared with uninfected mice between days 4
and 7 postinfection, with an approximately threefold increase in
the total cellularity and in live CD45+ cells (Fig. 1A and B). This
hypertrophy was focused mainly to the mLNs, as there was only
a small increase in CD45+ cells in PPs on day 5 and there were
no changes in the cellularity of spleen or brachial LNs used as a
representative peripheral LN (pLN). The cellularity of the BM also
remained constant over the course of infection (data not shown).

The mechanisms driving LN hypertrophy in response to viral
infection have not been studied in detail before. Flow cytomet-
ric analysis of the lymphocyte populations at day 5 postinfection
showed significantly increased numbers of both B and T lympho-
cytes in the mLNs of RV-infected mice (Fig. 1B). The accumula-
tion of B cells was slightly more pronounced than that of T cells,
possibly reflecting the generally longer dwell-time for B cells in
lymphoid organs [32]. The RV-driven accumulation of B, CD4+,
and CD8+ T lymphocytes in the mLNs involved both naive and
activated/effector cells (Fig. 1C).

Together, these findings suggest that the bulk of the adaptive
immune response against RV in adult mice is initiated in the mLN

and gut-associated lymphoid tissues and is not associated with
global changes in lymphocyte population dynamics in other tis-
sues. The hypertrophy of mLNs is associated with accumulation
of CD4+ and CD8+ T cells of both naïve and activated/effector
phenotypes.

Lymphocyte accumulation during RV infection in the
mLNs does not require antigen-specific activation

Lymphocyte retention in secondary lymphoid organs involves
a failure to respond to the gradient between the levels of
sphingosine-1-phosphate in the bloodstream and tissue [33]. As
one of the main ways this can occur is due to antigen-receptor
engagement that leads to downregulation of the sphingosine-1-
phosphate receptors 1 and 3 (S1PR1 and S1PR3) on responding
lymphocytes [33], we examined whether the lymphocyte accu-
mulation in mLNs required recognition of cognate antigen. To do
this, we used a B-cell receptor-specific mouse model, Switching
anti-HEL (SWHEL), which contain B cells that are specific for hen
egg lysozyme (HEL) and so will not receive a BCR signal upon RV
infection, unlike some of the remaining polyclonal B cells [34].
Five days after RV infection, total and naïve (IgD+) HEL+ and
HEL− B cells accumulated equally in the mLNs (Fig. 2A and B). In
contrast, only HEL− B cells contributed to the increase in antigen-
experienced (IgD−) B cells and CD138+ plasmablasts seen after
RV infection, while the HEL-specific B cells did not (Fig. 2C and
D). Thus, antigen-specific recognition is dispensible for the accu-
mulation of B lymphocytes in the mLNs after RV infection, but
is needed for these cells to class switch and differentiate into
plasmablasts. A similar independence of antigen recognition by
T cells for PP hypertrophy was shown previously in the context of
Salmonella infection [22].

Cellular mechanisms of RV-induced LN hypertrophy

We next investigated whether the mLN hypertrophy during RV
infection reflected increased cell proliferation, increased cell entry
from the blood, or increased mLN retention. To address the role
of proliferation, we transferred Cell Trace Violet (CTV)-labeled
splenocytes into C57Bl/6 mice 1 day before oral infection with RV
and examined CTV dilution as a measure of cell division among
transferred cells. Transferred CD4+ and CD8+ T and B cells could
be found in the mLNs, with their accumulation being increased
equally by the presence of infection and their proportions remain-
ing similar in uninfected and infected LNs (Fig. 3A and B). Very
few (<10%) of the transferred T or B cells found in mLNs had
undergone cell division and there were only small and transient
increases in cell division in response to infection (Fig. 3C).

To investigate lymphocyte recruitment into the mLNs in
response to RV, we transferred CD45.1+ splenocytes into CD45.2+

C57Bl/6 mice on day 5 postinfection and assessed their numbers
4 h later to avoid confounding effects of cell egress [35]. As spleen
cell numbers remained constant after RV infection, we normalized
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Figure 1. RV-induced lymphoid organ hypertrophy occurs primarily in the mLNs. C57Bl/6 mice were infected orally with RV. (A) Total mLN cel-
lularity (left) and total number of CD45+ live cells (right) was monitored daily from 3-13 days after RV infection. (B) Total number of CD45+ live
cells, B cells (live CD45+CD19+B220+), and T cells (live CD45+TCRβ+) in the mLNs, PP, spleen, and pLNs (brachial LNs) on day 5 after RV infec-
tion. (C) Total number of lymphocyte subsets in mLNs on day 5 after RV infection-naïve B cells: live CD45+CD19+B220+IgD+, antigen-experienced
B cells: live CD19+B220+IgD−, CD138+ plasmablasts: live CD19+IgD−CD138+ (top panel), total CD4+ T cells: live CD45+TCRβ+CD4+, naïve CD4+

T cells: live CD45+TCRβ+CD4+CD62L+, antigen-experienced CD4+ T cells: live CD45+TCRβ+CD4+CD62L− (middle panel) and total CD8+ T cells:
live CD45+TCRβ+CD8+, naïve CD8+ T cells: live CD45+TCRβ+CD8+CD62L+, antigen-experienced CD8+ T cells: live CD45+TCRβ+CD8+CD62L− (lower
panel). See Supporting Information Fig. S1 for gating strategy. All data were measured by flow cytometry. Data are pooled from (A) one or two (n = 4
mice each experiment, repeat only for days 5–8), (B and C) three (n = 3–4 mice each experiment) independent experiments. Error bars show mean
± 1 SEM. One-way ANOVA, Tukey’s post hoc. *p < 0.05, **p < 0.01, ***p < 0.001. Symbols (B and C): black: uninfected control (ui); red: RV infected. Dots
represent individual mice.

the numbers of cells recovered from other tissues to those found in
the spleen. The results showed that more transferred lymphocytes
were found in both the mLNs and PPs of infected mice compared
with those in uninfected controls, whereas there was no change
in recruitment to peripheral LNs (Fig. 3D).

We next addressed whether retention of lymphocytes within
the mLN was altered following RV infection by blocking entry into
the mLN using αCD62L blocking antibody at day 4 after infec-
tion. As expected, the overall mLN cellularity was significantly
decreased in uninfected control mice 24 hours after blocking cell
influx (Fig. 4A). In the context of RV infection, this decrease
was somewhat less pronounced despite the underlying hypertro-
phy (Fig. 1) and the known positive correlation between overall

LN cellularity and exit rates [36]. In accordance with a previ-
ously reported longer dwell-time of B cells compared to T cells
[32], B cells were more efficiently retained in both infected and
uninfected mice, leading to an overall higher ratio of B cells
over T cells upon blockade of lymphocyte entry (Fig. 4B–D). The
retained IgD− B-cell compartment containing class-switched cells
was significantly enriched in mLNs from RV-infected mice and not
affected by entry blockade (Fig. 4B) and this was also the case for
CD138+ plasmablasts (data not shown). The effect on retention
of CD4+ T cells by RV infection was minor, but CD8+ T cells were
significantly better retained in the context of infection (Fig. 4C).

Thus, infection with RV leads to increased recruitment of lym-
phocytes into and enhanced retention within intestinal lymphoid
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Figure 2. B lymphocyte accumulation during RV infection does
not require cell intrinsic antigen-specific activation. Switching
anti-HEL (SWHEL) mice were infected orally with RV and mLNs
were analyzed on day 5 after infection. (A) Total number of HEL+

and HEL− B cells (live CD45+CD19+B220+HEL+/−). (B) Naïve B cells
(live CD45+CD19+B220+HEL+/−IgD+). (C) Antigen-experienced B
cells (live CD19+B220+HEL+/−IgD−). D) CD138+ plasmablasts (live
CD45+CD19+B220+HEL+/−IgD−CD138+). For full gating strategy, see
Supporting Information Fig. 2. All data were measured by flow cytom-
etry. Data are pooled from three (n = 2–4 mice each experiment)
independent experiments. Error bars show mean ± 1 SEM. One-way
ANOVA, Tukey’s post hoc. *p < 0.05, **p < 0.01, ***p < 0.001. Sym-
bols: black: uninfected control (ui); red: RV infected. Dots represent
individual mice.

tissues, whereas local proliferation plays very little role in the lym-
phoid hypertrophy.

RV-induced mLN hypertrophy is independent of
IFNAR signaling or TNF-α

The early type 1 IFN-induced activation marker CD69 limits cell
egress during the early phase of an immune response by causing
internalization of S1PR1, and thus abrogating the chemotactic
stimulus for lymphocyte exit [10,11,37]. To assess the impact of
type I IFN signaling on mLN hypertrophy during RV infection,
we assessed the lymphocyte populations in the mLNs 5 days
postinfection in IFNARKO mice. At steady state, IFNARKO mice
showed a trend toward fewer total live CD45+, B and T cell
numbers compared with age- and sex-matched WT controls
(Fig. 5A). However, the RV-induced increases in the numbers of
all lymphocyte populations, including IgDneg B cells and plas-
mablasts in mLN, were not affected by absence of type 1 IFNR
signaling (Fig. 5A–C). As we have reported previously [23], the
upregulation of CD69 on lymphocytes in response to RV infection
was dependent on IFNAR signaling (Fig. 5D).

TNF-α has also been shown to mediate LN hypertrophy in
response to immunologic triggers [12,17–19,38,39]. To investi-
gate whether TNF-α played a role in RV-induced shutdown of the
mLNs, C57Bl/6 mice were infected orally with RV and TNF-α was
blocked by administration of antibody on days 3 and 4 after infec-
tion. This did not affect the expansion of lymphocyte subsets in
the mLNs (Fig. 6A). To test whether TNF-α signaling was instead
required for early recruitment into the mLN, we infected mice
double-deficient for the TNFR1/2 receptors. Again, mLN cellular-
ity increased upon RV infection regardless of whether TNFR sig-
naling was intact or not (Fig. 6B), paralleling previous findings in
PPs of Salmonella-infected mice [22].

Together these results show that the enhanced lymphocyte
sequestration in the mLNs in response to RV is independent of
the type 1 IFN–CD69–S1PR1 axis and of TNF-α.

Discussion

Lymphoid organ hypertrophy is a central component of immune
activation and is considered to be essential for efficient induction
of adaptive immune responses [20,40]. As its kinetics and extent
correlate directly with the level of innate stimulation (this study
and [27]), a better understanding of the mechanisms would
be crucial for improving vaccine design and ensuring effective
immune memory. By analyzing the kinetics and location of
lymphoid hypertrophy in response to oral RV infection in adult
mice, we found that this reaction was confined mostly to the LNs
draining the intestines, with no response in more distal lymphoid
tissues including the spleen. This is consistent with previous
findings that adaptive immunity to RV is coordinated primarily in
the mLNs [27,28,41]. Interestingly, there was also comparatively
little reaction in PP, perhaps additionally reflecting the fact that
this tissue is under constant stimulation from luminal contents
and hence less able to respond strongly above an already high
baseline.

Schulz et al. reported that retention is the major contributor
to PP hypertrophy in response to Salmonella infection [22]. In
agreement, lymphocyte proliferation did not substantially add
to the overall cellularity of the mLN during RV infection. In
addition to enhanced retention, we however detect a somewhat
increased recruitment of lymphocytes to the draining LNs, sug-
gesting that hypertrophy during RV infection does not exclusively
result from augmented retention of lymphocytes in our enteric
viral infection model. Hence, since recruitment and retention
are uncoupled events in the context of inflammation-induced
hypertrophy [7,42], RV infection influences the process on at
least two different levels.

There is considerable evidence that the IFNAR-CD69-S1PR1
pathway is the major mechanism underlying lymphoid organ
hypertrophy [10,11,37] and it has been shown that antigenic
stimulation of specific lymphocytes leads to rapid downregulation
of S1PR, disabling their responses to the S1P gradient from the
bloodstream and retaining them in the lymphoid organ [20,33].
However, in our studies using RV-infected SWHEL mice, the
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Figure 3. Lymphocyte proliferation is not a major contributor to RV-induced LN hypertrophy. Cell Trace Violet labeled total splenocytes were
adoptively transferred into C57Bl/6 WT mice that were infected orally with RV 1 day later. (A) Numbers of dividing and nondividing transferred
lymphocytes recovered from mLNs on the indicated days postinfection: B cells (live CD45.1+CD19+B220+), CD4+ T cells (live CD45.1+TCRβ+CD4+),
and CD8+ T cells (live CD45.1+TCRβ+CD8+). (B) Relative composition of dividing and nondividing lymphocytes in mLN during RV infection. (C)
Representative flow cytometry plots showing CTV staining of transferred total CD45.1+ cells in the mLNs during RV infection. B cells stain brighter
for CTV than T cells, resulting in a double peak for undivided cells. The gating strategy including separate CTV staining plots for B cells and CD4+

and CD8+ T cells are provided in Supporting Information Fig. S3. (D) Lymphocyte entry into lymphoid organs during RV infection. 107 WT spleen cells
were transferred into infected and uninfected congenic recipients and lymphoid organs were analyzed 4 h later. The numbers of cells recovered
were normalized to those from the spleen. All data were measured by flow cytometry. Data are pooled from (A) and (D) two (n = 2–7 mice each
experiment) independent experiments. (B) and (C) data from one representative experiment out of two independent experiments (n = 3–4 mice
each experiment). Error bars show mean ± 1 SEM. (D) Unpaired t test. *p < 0.05, **p < 0.01, ***p < 0.001. Symbols: uninfected control; black symbols
and RV infected; red symbols.

retention of lymphocytes in mLN did not require recognition of
cognate antigen, showing that LN hypertrophy is global and not
dominated by the retention of antigen-specific lymphocytes. Fur-
thermore, we found that the mLN hypertrophy in this model did
not require type I IFN signaling, despite the expected reduction
of CD69 expression by B and T cells in infected IFNAR-deficient
mice compared with controls. This supports the previous notion
of a lack of a retention phenotype in CD69-deficient mice [43]
and matched findings using a Salmonella infection model causing

PP hypertrophy by Schulz et al. [22]. Together, these data suggest
that mechanisms that regulate overall LN cellularity during a
viral infection might differ from those coordinating retention of
responding antigen-specific lymphocytes, as suggested previously
[22].

Our studies using antibody-mediated blocking of TNF-α at the
time of RV infection and TNFR1/2-deficient mice showed that
TNF-α signaling was also dispensable for mLN hypertrophy in
response to RV infection. This contrasts with previous findings
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Figure 4. Lymphocyte retention contributes to RV-induced LN hypertrophy. C57Bl/6 WT mice were infected orally with RV. On day 4 after RV
infection, some of the uninfected (ui) and RV-infected mice were sacrificed (T0). The remaining group received anti-CD62L blocking antibody to
block further lymphocyte entry into the LNs or PBS and was taken down after 24 h later (T24 = day 5 after RV infection). Lymphocyte retention
within the mLNs was assessed as the ratio of cells present in the mLNs at T24 over the mean lymphocyte population present at baseline (T0,
individually assessed for uninfected and infected groups). (A) Total mLN cellularity (left) and total number of CD45+ live cells (right). (B) Total B cells
(live CD45+CD19+B220+), naïve B cells (live CD45+CD19+B220+IgD+) and antigen-experienced B cells (live CD19+B220+IgD−). (C) Total T cells (live
CD45+TCRβ+), CD4+ T cells (live CD45+TCRβ+CD4+), and CD8+ T cells (live CD45+TCRβ+CD8+). D) Representative flow cytometry plots showing B
cell (CD19+) versus T cell (TCRβ+) frequencies in both control and RV infected mice upon anti-CD62L blocking in the mLNs. All data were measured
by flow cytometry. Data are pooled from two independent experiments with two to three mice per experiment. Error bars show mean ± 1 SEM.
One-way ANOVA, Tukey’s post hoc. *p < 0.05, **p < 0.01, ***p < 0.001.

indicating that TNF-α can increase the influx of lymphocytes into
draining LN and, in some cases, can also block lymphocyte exit
[17–19,39,44]. In addition, TNF-α signaling can drive migration
of peripheral DC to the draining LN at steady state or in response
to the TLR ligands poly(I:C) or R848 [45–48]. However, LN hyper-
trophy induced by Anopheles mosquito bite is independent of TNF-
α [49] and genetic ablation of the TNFR1 has no effect on the PP
hypertrophy observed in response to Salmonella infection [22].
Furthermore, TNF-α was found to be dispensable for DC migration
and LN swelling induced by subcutaneous injection of bacterial
peptidoglycan [50]. Thus, the exact role of TNF-α in LN hypertro-
phy may be stimulus and location dependent and remains to be
defined more precisely.

It would be important to assess the role of type I IFN and TNF-
α in the accumulation of antigen-specific T and B cells in response
to RV, as previous work has shown that while the retention of
polyclonal lymphocytes in PP in response to Salmonella infec-
tion is TNF-α/type I IFN independent, a type I IFN-CD69-S1PR1-

dependent mechanism is required to retain activated antigen-
specific T cells [22,51]. Other mechanisms that may play a role in
the RV-induced LN response include signaling via β2-adrenergic
receptors (β2ARs) expressed on lymphocytes, which can inhibit
egress of lymphocytes from LNs and lead to hypertrophy of the
draining LNs in response to mouse CMV infection [52]. In support
of this idea, enteric infection with Salmonella has been shown to
activate β2ARs in muscularis macrophages [53] and thus it would
be interesting to investigate the role of β2ARs in the LN response
to RV.

It has long been appreciated that lymphocyte exit into the
efferent lymph is not a random event [54]. Identifying the
drivers of the global, unspecific lymphoid organ shutdown will
pave the way for better understanding its physiological conse-
quences, possibly including enhanced encounter of antigen by
naïve T cells, promotion of memory formation of responding
lymphocytes and barrier functions to contain infectious agents on
site.
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Figure 5. Lymphocyte sequestration inmLNs from RV-infectedmice is independent of the type 1 IFN receptor. IFNARKO andWTmice were infected
orally with RV and the lymphocyte populations in the mLNs were analyzed 5 days later. (A and B) Total number of CD45+ live cells, B cells (live
CD45+CD19+B220+), and T cells (live CD45+TCRβ+); lymphocytes were further subgated into IgD+, IgD−, CD138+ (for B cells), and CD4+ and CD8+

(for T cells). (C) Fold change of cell numbers in RV-infected tissues compared with uninfected controls. (D) Percentage of CD69+ cells within the
designated subsets. All data weremeasured by flow cytometry. Data are pooled from two independent experiments (n = 3–5mice each experiment).
(D) One representative experiment out of two independent experiments (n = 3–5 mice each experiment). Error bars show mean ± 1 SEM. (A, B, and
D) One-way ANOVA, Tukey’s post hoc. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. (C) Unpaired t test. *p < 0.05.

Material and methods

Mice

All mice were on the C57Bl/6 background. Littermate or age-
matched mice were used for all experiments. Male and female

mice were used between 8 and 12 weeks of age. Wild-type
C57Bl/6NRj mice were purchased from Janvier Labs, Saint
Berthevin Cedex, France and were acclimatized for at least 1
week in the animal facility at Lund University before use. CD45.1
congenic mice (B6.SJL-Ptprca Pepcb/BoyJ, Jackson Laboratories),
B6(Cg)-Ifnar1tm1.2Ees/J (IFNARKO; 028288, Jackson Laboratories),
Tnfrsf1-dKO mice (TNFR1/2−/−) [55], and Switching anti-HEL
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Figure 6. Lymphocyte sequestration in RV-infected mLNs is independent of TNF-α. C57Bl/6 WT mice were infected orally with RV and TNF-α was
blocked on day 3 and 4 post RV infection by injection of anti-TNF-α antibody (A) or TNFR1/2KO were infected orally with RV (B). The lymphocyte
populations in the mLNs were analyzed on day 5 postinfection. (A and B) Total number of CD45+ live cells, B cells (live CD45+CD19+B220+), and
T cells (live CD45+TCRβ+), lymphocytes were further subgated on IgD+, IgD−, CD138+ (for B cells), and CD4+ and CD8+ (for T cells). All data were
measured by flow cytometry. Data pooled from two (A: n = 3–4, B = 2–6 mice each experiment) independent experiments. Error bars show mean ±
1 SEM. One-way ANOVA, Tukey’s post hoc. *p < 0.05, **p < 0.01, ***p < 0.001.

mice (SWHEL) [34] were bred and maintained in the Clinical
Research Center at Lund University. All animal experiments were
performed under the animal care and use regulations of the
Lund/Malmö Animal Ethics Committee.

Rotavirus Infections

The virulent WT ECw strain of RV was obtained from cleared
intestinal homogenates of suckling mice that had been infected
orally with RV at 3 days of age and sacrificed 2 days after infec-
tion. For infection of adult mice, RV was inoculated orally at a
dose of 3 × 103 diarrhea-inducing dose 50 (DD50) and lymphoid
organs were collected at the indicated days after infection for iso-
lation of lymphocytes.

Cell isolation and flow cytometry

Single-cell suspensions from mLNs, Peyer’s patches, brachial LNs,
and spleen were generated by mechanical disruption through a
70 μm cell strainer into MACS buffer (5% FBS, 500 mL PBS
and 0.05M EDTA [Gibco]). Nonspecific binding was blocked with
normal rat serum (Sigma) and rat anti-mouse CD16/CD32 Fc
block (2.4G2, BD Biosciences) for 20 min at 4°C. The follow-
ing antibodies were used: anti-CD19 (1D3), anti-CD138 (281-2),
anti-B220 (RA3-6B2), anti-IgD (11-26c.2a), anti-CD45 (30-F11),
anti-CD45.1 (A20), anti-CD45.2 (104) (BioLegend), anti-CD62L

(MEL-14) (eBioscience), anti-CD69 (H1.2F3), anti-CD4 (RM4-
4), anti-CD8α (53-6.7), anti-TCRβ (H57-597), and PI (P4864-
10ML, Sigma-Aldrich) was used to assess cellular viability. The
CellTraceTM Violet Cell Proliferation Kit was used according to the
manufacturer’s protocol for in vitro labeling of total splenocytes
(C34557, Invitrogen by Thermo Fisher Scientific).

Data acquisition was performed using an LSRII cytometer and
DIVA software (BD Bioscience). The analysis was performed using
FlowJo software 10 (Treestar Inc).

TNF-α and CD62L blocking

To block TNF-α in vivo, mice were injected with 0.3 mg of anti-
TNF-α (XT3.11; BioXcell) antibody intravenously on days 3 and 4
after RV infection. We used 100 μg/mouse InVivoMAb anti-mouse
L-Selectin antibody (CD62L, clone Mel-14, BioXcell) i.p. on day 4
post-RV infection to block further entry of circulating lymphocytes
into LNs without affecting lymphocyte egress from LNs. Control
mice received PBS (Gibco).

Statistical analysis

Unless otherwise stated, data are shown as mean ± 1 SD and
statistical significance was calculated by one-way ANOVA with
Tukey’s multiple comparison using GraphPad Prism software
(GraphPad).
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