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FiGure 3: Continued.
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F1GURE 3: Genetic deletion of HuR reduces the activities of STAT-3 in Th17 cells. (a) Naive CD4" T cells were stimulated under Th17 cell
polarization condition for 4-5 days. The levels of cytokine mRNAs were measured by RT-qPCR. (b) Flow cytometry assay showed that
percentage of IL-17A-positive cells significantly decreased, but that of IL-17F-positive cells slightly decreased. (c) Summary of flow data
for Th17 cell culture from three independent experiments (mean + SEM). (d) WT and HuR KO Th17 cells were cultured under Th17 cell
culture condition with anti-IL-2 (30 ug/ml) for 5 days. Representative flow cytometric data was shown. (e) Summary of flow data for Th17
cell culture with or without anti-IL-2 from three independent experiments (mean + SEM). (f) Th17 cells were rested 2 days in the
presence of IL-2 (3 ng/ml) following restimulation in the presence of Th17 cell-polarizing cytokines (TGF-B+IL-6) without IL-23 for the
indicated times. Western blot assay showed that HuR deficiency in Th17 cells reduced the level of p-STAT3 compared to WT Th17 cells,
but not total STAT-3. (g) Knockout of HuR did not reduce the level of Stat3 and SOCS3 mRNA in Thl17 cells as characterized by RT-
qPCR. (h) RIP assay indicated that HuR did not bind to Stat3 mRNA. Data in (a), (c), (e), and (g) represents the summary of three
independent experiments. Student’s ¢-test was used for statistics analysis. *p < 0.05, **p < 0.01, and ***p < 0.001. Data in (b), (d), (f), and
(h) represent one of the three independent experiments.

17F and IL-21 by RT-qPCR in both WT and HuR KO Th17  To determine if SOCS3 plays a role in HuR regulating activa-
cells. Knockout of HuR merely decreased IL-17F and IL-21 tion of Stat3, we also compared the level of SOCS3 between
mRNA levels, but significantly decreased IL-17A mRNA WT and HuR KO Th17 cells (Figure 3(f)). However, knock-
level (Figure 3(a)). Flow cytometry analysis showed that IL-  out of HuR did not increase but slightly decreased expression
17F and IL-17A cytokine production was consistent with of SOCS3 (Figure 3(f)); therefore, it was unlikely that knock-
their mRNA expressions measured by RT-qPCR analysis  out of HuR reduced phosphorylation of Stat3 due to increas-
(Figures 3(b) and 3(c)) [24]. Previous studies show that ing expression of SOCS3. These results were consistent with
HuR restrains IL-2 production in Th2 cells and that IL-2 pro- the RT-qPCR analysis data (Figure 3(g)). To further deter-
duction is much more increased in HuR KO activated CD4"  mine whether HuR bound to STAT3 mRNA, we did RNA
T cells than WT counterparts [37]. However, the expressions immunoprecipitation (RIP) (Figure 3(h)) and STAT3 mRNA
of IL-2 mRNA and protein in HuR KO Th17 cells are compa-  decay assay to test its half-life (data not shown) [24]. These
rable with those in WT Th17 cells [24]. It is well known that ~ data showed that HuR did not directly regulate STAT3 and
IL-2 inhibits Th17 cell differentiation [38]. To determine if RORyt expression [41]. These results suggested that HuR
knockout of HuR-reduced IL-17 production was due to IL-  plays a critical role to promote Th17 cell differentiation by
2, we cultured WT and HuR KO CD4" T cells under Th17  upregulating the activity of transcription factor STAT-3.
cell culture condition with or without anti-IL-2 (30 yug/ml).

As expected, neutralization of IL-2 increased IL-17 produc- 3.3. IL-6R« Is a Direct Target OfHLlR in Th17 Cells. It is well
tion in both WT and HuR KO Th17 cells compared to the known that IL-6 in the presence of TGF-f induces Th17 cell
same Th17 cell culture without IL-2 neutralization. However, differentiation by activation of Stat3 [42]. IL-6 activates Stat3
WT Th17 cells still produced more IL-17 cytokine than HuR ~ via IL-6Ra chain and gp130-mediated signaling and phos-
KO Th17 cells in culture when IL-2 was neutralized by anti- ~ phorylated Jakl [43, 44]. A more recent study shows that
IL-2 (Figures 3(d) and 3(e)), suggesting that HuR deficiency IL-6Ra is indispensable for IL-6-induced action of Stat3
impairing IL-17 production was not due to increasing IL-2 [45]. Based on computation analysis revealing that the 3’
production. We speculated that HuR may regulate the activ- ~ UTR of IL-6Ra mRNA has several potential HuR-binding
ities of transcription factors to promote naive CD4" T cell  sites, we hypothesized that HuR may positively regulate IL-
differentiation into Th17 cells. To address this question, we ~ 6Ra expression to promote activation of Stat3 during Th17
performed western blots to detect the activation of transcrip- ~ cell differentiation. To test this hypothesis, we compared
tion factor STAT-3 in HuR KO and WT Th17 cells. The data  the IL-6Re¢ mRNA expression between HuR KO and WT
showed that knockout of HuR did not impair the expression ~ Th17 cells by RT-qPCR analysis. The results showed that
of total STAT-3, but reduced the level of phosphorylation of ~ knockout of HuR significantly reduced the expression of
STAT-3 (Figure 3(f)). SOCS3 is the inhibitor of activation of IL-6Ra¢ mRNA in HuR KO Th17 cells compared with WT
Stat3 [39, 40]. We hypothesized that knockout of HuR control cells (Figures 4(a) and 4(b)). As expected, flow
increased expression of SOCS3 to inhibit activation of Stat3.  cytometry analysis indicated that the level of IL-6Ra protein
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FIGURE 4: IL-6Ra is a direct target of HuR. Naive CD4" T cells were stimulated under Th17 cell-polarizing cytokines for 5 days. (a) The
expression of IL-6Ra and gp130 mRNAs in WT and HuR KO Th17 cells for 4 days of culture was measured by RT-qPCR. (b) The data of
western blot assay confirmed that HuR protein was deleted in HuR KO Th17 cells. (¢, d) The result of flow cytometry assay showed that
IL-6Ra protein level decreased in KO Th17 cells compared with WT Th17 cells. (e) Summary of IL-6Ra-positive cells (percentage) from
three independent flow cytometric assay experiments is shown (mean + SEM). (f) RIP assay showed that HuR directly bound to IL-6Ra,
but not Jakl and Jak2 mRNA. One RIP assay result is shown here. The repeated RIP assay got the same tendency of results but data are
not shown here. (g) IL-6Ra mRNA half-life was much shorter in HuR KO Th17 cells than in WT Thl7 cells, as determined by
actinomycin D treatment following RT-qPCR assay. One of the two repeat experiments is shown. (h-j) There was no remarkable
difference in Jakl and Jak2 mRNA and protein abundance between WT and HuR KO Th17 cells. (i) The levels of p-Jakl decreased in
HuR KO Thl7 cells at the indicated time, (j) but not p-Jak2. Data in (a), (e), and (h) represent the summary of three independent
experiments. Student’s ¢-test was used for statistics analysis. *p < 0.05, **p < 0.01, and ***p < 0.001. Data in (b)-(d) represent one of the
three independent experiments. Data in (f), (g), (i), and (j) represent one of the two independent experiments.



