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1142"2 mice initiated a T-bet" GC B cell response with de-
creased serum IgG; titers compared with WT (Fig. 4A-C,
Supplemental Fig. 1], 1P). To eliminate the possibility that
excess IFN-g in 7/4%/? mice explains these phenotypes, we
infected 714272 Ifng®'? mice with H. polygyrus. The GC B cell
response in /4= [fng®'? mice was similar to WT levels (Fig.
4A) but maintained T-bet expression independently of IFN-g
(Fig. 4B, Supplemental Fig. 1], 1P). Isotype representation
varied with T-bet expression: whereas WT mice produced
- 95% LgG,, more than half of the serum Abs in 114272 [fng??
and 7/4°'? mice were IgG,,, and IgG,. (Fig. 4C). Further,
whereas 1142/2[]‘hg2/2 mice mounted a higher Tgy cell re-
sponse (Supplemental Fig. 1Q), both 7/4%'Z and 114%7 [fng®"?
mice produced less IL-21 (Fig. 4D). Regardless, the magnitude
of the plasma cell and Bygn cell response remained intact
across genotypes (Supplemental Fig. 1R, 1S). However, we
again observed alterations in the Bypy pool according to cy-
tokine availability. Whereas H. polygyrus—infected WT mice did
not generate T-bet"CD11c" By cells, both 742'Z and 1142
Ifng 2 mice did, again suggesting IL-21 drives a unique T-bet"
phenotype (Fig. 4E, 4F). Whereas prior reports showed CD11c
mRNA in GC B cells defined by CD95 and peanut agglutinin
(25), we observed CD11c protein expression only in By cells
(Supplemental Fig. 1T). This seeming disparity may indicate that
CD11c transcripts in GC B cells go untranslated, as well as the
further resoluton of GC and Bygy by CD38 in our gating
strategy. Overall, the H. polygyrus infection data support our
model, inasmuch as in the absence of IFN-g we observe both
T-bet and CD11c expression that is modulated by IL-4. Fur-
ther, the consistent relationships observed in both types of in-
fection argue that this is a feature common to most humoral
immune responses.

In toto, our findings reveal a novel cytokine network that
governs T-bet expression in the context of TLR stimulation.
In the absence of IFN-g, IL-4 and IL-21 reciprocally regulate
T-bet and CD11c expression both in vitro and in vivo. Be-
cause immune responses are rarely monolithic with regard to
these three cytokines (14, 26), distinct or multifunctional Try
cells likely generate a diverse set of B effectors. Consequently,
altering the cytokine milieu affects the isotypes generated
(Fig. 4C) and the composition of the Bygp pools (Figs. 3F,
4F) while maintaining the magnitude of the response.

It is tempting to speculate that the T-bet"CD11c" B cells
reported in autoimmunity, viral infections, and aging share a
common underlying origin involving TLR engagement cou-
pled with either copious IFN-g or abundant IL-21 with lictle
IL-4. Indeed, both TLR7 and IL-21 deficiencies ameliorate
disease in humoral autoimmunity models (27, 28), and poor
IL-4 production has been observed in Tgy cells from aged mice
(29). Thus, understanding this interplay among IL-4, IL-21,
and IFN-g might better define the etiology of humoral auto-
immune syndromes where such cells are implicated (8, 13, 30).
Lastly, although it is clear that IFN-g and IL-21 differendally
induce CDllc expression (Fig. 1C), the functional conse-
quences of expressing this integrin remain elusive. Importantly,
the restriction of CD11c expression to Bygp cells is consis-
tent with prior Bygp subsetting studies in human tonsils and
may thus define a tissue-homing population (31). Accordingly,
further studies are needed to assess the role of these different
T-bet” Byewm cells in both health and disease.
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Supplemental Figure 1: Treatment abbreviation: IL4 (4), IL21 (21), IFNy (y). (A) TBET protein (A
MFI=WT-isotype) in WT FO B cells treated for 48h. (B) WT, /I21r", or Stat6”- FO B cells labeled with either
CFSE or Violet Cell Trace (VCT), treated with ODN1826. (C) TBET and CD11c protein on WT FO B cells
treated for 48h. (D) Principal component analysis and (E) heat map of top 50 differentially regulated genes
from WT or Thx21"- FO B cells cultured with ODN1826 and IFNy or IL21 for 20h; 2 biological replicates per
condition from one experiment. (F) IL4 titration on ODN1826 and IL21 stimulated B cells probed for TBET.
(G) Gating strategy for splenic PCs, GC B, and B, ., cells. DUMP is defined as CD4, CD8, F4/80, and Gr1.
(H) CD11c staining on GC B cells from B6 or BALB/c mice. (I) FACS analysis for pre-immune B cell subsets
in 1121Tg spleens. (J) Representative sorting strategy for T_, and GC B cells during infection for all RNA and
T, cell numbers. (K-O) Data shown are from PR8-infected mice (WT black bars, Ifng” white bars, /l4"If-
ng’- grey bars) as described in Fig. 3. (P-T) Data shown are from HP-infected mice (WT black bars, //4"
white bars, ll47Ifng’- grey bars) as described in Fig. 4. (K&P) Tbx21 gene expression from sorted GC B
cells is shown. Splenic cell counts for (L&Q) T,,,, (M&R) PCs, (N&S) B, ., cells are shown. (O&T) FACS
stains for TBET and CD11c on GC B cells are shown.



Supplemental Table 1: Top 50 genes differentially expressed according
to stimulation and genotype that generated the heatmap in Figure 1E.

Tbhx21 KO WT

diffSymbols diffEntrez IFNG IL21 IFNG 1L21
Hbb-bt 101488143 | 8.71787854]9.96251869] 9.22367706] 10.7184761
Pld4 104759 9.63100389]11.8759995]10.2329291] 12.2633218
Csprs 114564 ]10.1736638]9.78810189]9.80904596]9.12704895
Adssl1 11565 8.38037551]9.56102674| 8.75866032] 10.1892954
Aicda 11628 8.15876623]19.56620638] 8.16116397] 10.6193638
Alas2 11656 8.07791416)8.17076737]8.70427272] 8.69881681
Slc7a3 11989 12.3331489] 10.8922169] 11.9363609] 9.58431359
Camk2b 12323 8.33696042| 8.46884015] 9.34572705| 8.76825437
Cd86 12524 10.2058114]11.4837841| 11.291188 | 11.9359246
Cebpb 12608 11.0258621] 10.2639223] 10.3954173] 9.79851261
Cxcr3 12766 8.02271357] 7.96206013] 8.89044742| 8.59224553
Dapk2 13143 9.0456691 |8.29162501| 10.358997 | 8.4225753
Ddx6 13209 11.2174672]11.0245372] 10.8475324] 10.4293705
Dmwd 13401 8.56273345]8.78857332]9.52515528] 9.25084509
Igf2bp3 140488 |8.80263258|9.18672253]9.51911174]9.90179174
Gentl 14537 10.2827501] 10.4188283] 9.69190833] 10.3032536
Gfil 14581 9.03038563] 8.89669405] 10.0634526] 8.96113555
Slc6a9 14664 10.296786 |9.31732143]9.73786153| 8.70447742
Gpr65 14744 9.18001479]9.65880491]9.98113174| 10.0820403
Hba-al 15122 10.6116569] 11.0756745] 12.8136936] 12.9819337
Hhex 15242 10.9035453] 11.8746337] 11.4957655] 12.0253224
Cxcl10 15945 9.69740321]18.04664183]111.2630435] 8.07099991
Mrcl 17533 8.44177481] 8.06620528] 9.20057647| 8.06505932
Enppl 18605 9.43758182]9.03088817] 10.1047894 | 8.95693649
Lgals3bp 19039 11.3456087] 10.327613 | 10.4720993]9.52062838
Sdc3 20970 9.22445568]19.34384651] 8.48282303] 8.68587941
Socs2 216233 |8.39402055]8.31061723]9.21300752] 8.25316026
Phflla 219131 10.6754791]10.9923491]9.91001761| 10.62874
Trib3 228775 10.9374695] 10.7364234] 10.3685751] 9.51736281
Oasll 231655 10.0267927]9.07570675] 9.41354243] 8.69335125
Blvrb 233016 |11.1287209]11.8152945]12.0710889] 12.2488551
Rsadl 237926 |8.70676248]8.35758333]9.48501461]8.97924121
Oaslg 23960 9.43862604]9.85463686] 8.61867238] 9.16101691
Uspl8 24110 11.6695151]9.69335201] 10.8173747]9.01086482
Ifnirl 242700 ]10.6376498]8.60445256]10.0198364] 8.45185354
Asns 27053 11.1359023]10.9173486| 10.4862617| 9.8579122
5031414D18Rik| 271221 11.0728021]11.3432014| 10.4476 |11.0836712
Abi2 329165 10.767115 | 10.7019442] 11.4634784] 11.0806552
Thx21 57765 8.50585362| 8.28965615] 12.0671288| 10.6782958
Fkbp11 66120 9.26400071] 8.93283424]9.92222723]9.10795164
Ifitm3 66141 11.6829144]10.3947567] 10.5198475] 9.94597162
Serpinbla 66222 10.415432 19.24192845]9.63859227] 9.25643539
Secllc 66286 9.74339634]9.88278761] 10.3682081| 10.1358717
Entpd4 67464 11.9632761]11.9573035] 11.2856712] 11.2526164
Chacl 69065 12.0710536] 11.8189737] 11.3905192] 10.3380145
Tmem110 69179 9.6681036 | 10.0680743]110.4259964] 10.2240436

Endod1 71946 10.9566634]11.4212969]10.3114004| 11.339
Hvcnl 74096 10.6755837] 12.3965662] 11.5044663] 12.5150879
Ly6k 76486 8.96899275]8.66957018]9.57076498] 9.26064778
Lbh 77889 12.9253357] 13.7171333| 12.328088 | 13.5347758




