Characterization of germinal center and circulating T follicular
helper cells using both intracellular and surface CITE-seq
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Abstract Identification and characterization of T, and cT., using intracellular and surface BD" AbSeq Antibodies

H + 141 ° ° ° ° °
T follicular helper (T¢) cells are a CDA*T cell subset that play a critical Figure 2. Tonsillar T, Cells Tonsil Blood Figure 3. cT, Cells in Blood
role in the formation of germinal centers (GC). T, cells are essential to . R&'; N rentyExresss Gonasin ToH and recursors
. . . Icatin ! ! ?CLZ -
produce protective antibody responses through the regulation of clonal 2A) 2B) i o 2C) 3 »® - = 3C) 3A) . 3B) ooy messos conesin e suses
. . . .. . . . . ¢ » ! | = = ’ .
selection and differentiation into activated antibody-secreting and oo : | ass £ 8 . S- . r TR L
. . . . . . | FZD3  CD200 Qo T o) < = < L S o, ‘.: Uty
memory B cells. T, cell differentiation is a multistep process that begins : b e ° 9 f o I%’ g%’ 3+ g; s 08 il P L ot
H H H 141 ' ks FYBI CXXC5 CTTN ||_;TPI‘DJI:I1=‘7 (TR, gg o= o N 5 E E o ] . "' d & ‘-" ' : ! - Yf\#' f AF - I
with the presentation of antigen by dendritic cells to naive CD4* T cells, _ . AL o Z00FAdEE-0FO 20X FFEFE - . & SR AT DA Bl TR AR Manetyte
,g‘ ZFP36L2 TSPANWZWFOD”CBLB Change ree }.,‘ ‘,‘> AR = : . e | Fos
where the CD4* T cells commit to the T, lineage by expressing the L — oo CXCRS5 BRI o iy 20 S ey o L
. . . . . g %(;N\c MSI2 o cXeLta . ::CHANGE PDCD1 i Fo A ARSI L8 2 g 5 ) MALAT | ,UFKBPS o
lineage defining transcription factor B cell lymphoma 6 (Bcl-6). T, cells R ; E e pcﬁxz,_z':em SXCR® ICOS o5 AENWAIBARE Av , ersis ™
. . . . Class WItChQ B : ! T.':o BTLA Al ° .~";": s h "J y .:.. ": K% ° g SBDS JunD i EKDME:D GIMAP7 ® NO CHANGE
are phenotypically characterized by the high expression of C-X-C % £ . I Bole CTLAY Efeas oW TR S 2
. : - NN2 GAP1 '.-'.i'f . BTLA el d ogety v Ak o e DDX;RRochgF;mx Rpm 'DENND2D® ¥ -
chemokine receptor 5 (CXCR5) and programmed cell death-1 (PD-1) on } -,{’-B roTA, SHT L CTLA4 CCR7 A o s
. . Ny g CMTMS By 4 S CcDh84 TBX21 Wi f,"._l:' iy e > s o, 1 Ai?g;gi“ * SRSF1 HLAA (T Pee 02
the cell surface. CXCR5* memory CD4* T cells present in peripheral blood ’ -ﬂ% - CCR? FOXP3 PR 05 et o FACRE :
_ i A S, il L TBX21 RS
represent a circulating T, (cT,) cell subset. In contrast to T, cells, cT;, _ i B i 2 FOXP3 PO >
_ . UMAP_1 avg_log2FC > CXCR3 CXCR3 R b .
cells may express low levels of Bcl-6 with numerous reports of subsets 2D) T,y Differentiation XCR3 core. 3 ,2 | 6 | 2
. . . CDGQ % P g_log2FC g
that dlffer bOth phenOtyplca”y and funCtlona”y Bcl.6.BCL6.AbSeq+ CD278.ICOS.AbSeq+ CD25.IL2RA.AbSeq+ CD152.CTLA4.AbSeqg+ CD19.CD19.AbSeq+, Bcl.6.BCL6.AbSeq+ gg%g CD27 ) CTey 2 CTey 1 g
o CD86.CD86.AbSeq+ CD28
BD" AbSeq &1 CD38 T K
: Antibodies MS4AT GATA3 _ 3D)
Here we characterize the heterogeneous subsets of T., and cT., cells IGHGH RORG
. . . . FH FH IGHG2 BCL6 T.Bet. TBX21.AbSeq+ CD161.KLRB1.AbSeq+
using a combination of intracellular CITE-seq, surface CITE-seq and Joint density Joint density R IGHG3 e CD196.CCR6.AbSeq+ CD183.CXCR3.AbSeq+
0.0020
whole transcriptome single-cell RNA sequencing (scRNA-seq) analysis. ours - ICHAL A
Germinal center and circulating T, cells were enriched by sorting I o2 AURKS
. ND2 A
memory CD4*, CXCR5*, PD-1* from a tonsil (n=1), and memory CD4* ose CCND3 ; . ® ot densiy Joint depsity
MME HMMR 2.0e-06
CXCR5* cells from a matched blood sample and a healthy blood donor VPREB3 MCM2 gé’i.’é‘g‘*_ se-07 15000
. . . . MCM4 Xpression 6e-07 1.0e-06
(n=2). We examined the expression of Bcl-6 and other transcription RNA YA MKI67 4 Y ise-m 50007
. . . FOXP3+ CTLA4+ IL2RA+ CD19+ BCL6+ CD86+ CCND3 MYC 2 ¢ 0.0e+00
factors, using protein and RNA expression data, across pre-T;, (an early R PCNA If’z
development stage in the germinal center), T, and cT., cells. Germinal MICM4 Lsie 4
. . . MKI67
center and circulating T, cells profiles were also compared. vc OD3 CDIE AbSeq
Joint density Joint density Joint density . . eq
6006 0.0020 66-05 TOP2A CD272.BTLA.AbSeq
4e-06 0.0015 4005 TXK CD278.ICOS.AbSeq
Together, these data demonstrate how a combination of intracellular I I I CCRY Cong Aoae selipilyaa sl
CITE-seq, surface CITE-seq and scRNA-seq may be used to deepen our | CDar8 108 AbSed CD193 CCR3 AbSeq ¢
: . - .} CD152.CTLA4.AbSeq GD195.6CRo.AoSeq , «® ot dens Joint density
understanding of the differentiation states and subsets of cells present 2E) CD154.CD40LG. AbSeq gg;oggggﬁgebqsw e 1005
. . . CD193.CCR3.AbSeq . : & . s
at low abundance, such as T, cells, by enabling detection of intracellular , , , , , CD195 CCR5 AbSeq CD137 TNFRSF9.AbSeq se 06 e
and surface protein along with high-quality mRNA Figure 2. Tonsillar Tg, cells were enriched and stained with " 68 CDBA AbSeq CD25.ILIRA AbGe : 1506 o5
= . . ® . . : . - - eq ‘ )
P & sh-q y both surface and intracellular BD™ AbSeq Oligo-Conjugated CD137. TNFRSF9.AbSeg CD127.IL7R.AbSeq : 0er00 0er00
. . . - - €q L
“’QO ’*.“OA JJ i 1 1 JJ Jl Antibodies. 2A) Annotated UMAP of tonsil colored by cell CD25 IL2RA AbSeq gg}g;ééﬁ?ﬁ%ﬁ?
0781005 S ose type. 2B) Statistically significant (Bonferroni adjusted p value CD161.KLRB1AbSeq CD194 COR4 AbSeq
o . . . C .CCR2.AbS : . e
- / (p val adj) >0.05)) versus fold change for differentially 08132_002225823 CXCRZ.CXCRZ.AI:?Seq . . _ _
ll “‘. Aﬁ Q‘l“l ﬁ expressed genes (DEG) between T, cells compared to Pre- ngg;%ggég:ﬁgggg 2.3139%%\/1%Fi\25g2§eq Figure 3. cT;, were enriched from peripheral whole blood by sorting memory
A . - + + . . . ® .
h d o kfl i A | AL 1., cells. 2C) Heatmap visualizing the gene signatures, T.néstgzgﬁg:ﬁgggg 88?’35832‘?2?,2“ CD4* CXCR5* cells and stained with surface and intracellular BD" AbSeq Oligo-
Bcl.6.BCL6.AbSeq 3/ BCLS6 4 . ® . . . . e 1 1 1
B D R 9 pso y Syste m WOr oW - ‘ surface and intracellular BD® AbSeq Antibodies used to G088 Cose Abser Co196.00Re Abs‘lq Conjugated A-nt|t->od|.es. 3A)-Armotat.ed UMAP of Ty colored by cell subset. 3B)
QA l identify cell subsets within the tonsil. 2D) Top panels display GATA3.GATA3 AbSe RORgammaT.RgRC.AbSeq Volcano plot indicating statistically significant DEG in cT, 1 cluster compared to
. ® . . ROR T.RORC.AbS T.Bet. TBX21.Ab 1 i
‘ “ AA ‘ surface and intracellular BD" AbSeq Antibodies used to gan'r'r,gaet,TBXZLAngg BcI.Z.BCLG.AbSec?q FTFH 2 cluster. ®3C) Heatmap shf)wmg the ggne s.lgnatures and surl-‘ac-e and
KL67.MKIST.AbSeq 6 MK 4 identify Tp, cell (left), T regulatory cells (Tq,) (middle) and B K?_%"yf_;,'\,?ﬁé?ﬁﬁggg Ki.67.MKI67.AbSeq intracellular BD™ AbSeq Antibodies used to identify cell subsets within the
cells (right). Bottom panels display corresponding RNA GATA3 Sgyc\f memory CD4* CXCR5* cells. 3D) Identification of T,1/17 cells (top panel, BD®
xl illll& ‘ ‘ | signatures. 2E) Surface and intracellular BD® AbSeq 5&;?_ TBX21 AbSeq Antibodies left, mRNA right) and subsets of cTy, cells that display a
o ) . e : BCL6 BCL6 : :
SAEAE TSRS SESS S SSSFs  Antibodies correlate with mRNA expression within the tonsil. MKI67 MKI67 germinal center TfH gene signature (bottom left), these cells were also CCR6" and
o e R s CXCR3* (bottom right)

K o

TRH N——tt
AN I ~

Mﬁ . . =a\V/— (s W17 T
TFH 2
h\‘ {”ﬂd . Th1CD4 T

DDX2] TMSB:Q

1004 PAG1 JUNID.
PIK‘% NLFG

Pattern 4

Single-cell suspensions from tonsil and blood were stained with a panel of 4A) 4D) Outgoing communication patterns of secreting cells Incoming communication patters of target cels 5A) Differentially Expressed Genes in tTFH and cTFH Subsets 53)
. . . . . . ™ coksri  STBSIAT MAF| TTOX
antibodies including CD4, CD45-RA, PD-1 and CXCRS5 to identify T, cells. Cells Number of interactions Interaction weights/strength e o o o
i ® e Loks  ACTB Bcl.6.BCL6.AbSeq 31 BCL6 41
were also labeled with a 23-plex surface BD" AbSeq Panel. Cells were sorted Monocyte Monocyte R ez ST
using a 4-way sort on the BD FACSMelody " Cell Sorter. R AU TRe CD8 T oy " dos T derros i
e% g \\STK a’ b | XIST o APS20 xxyLTy RACR, ITM2A S —
~’ - . | ¢ o oo AC0222391-{;‘#,,4 JAZFA
» S < 2001 o r 'Fy;'g". JCP( MAF 57
. TR \\‘ \ \ b oz = T ; :'. e CD272.BTLA.AbSeq 7
-~ 4 [N JAct d " \Activaed Th1/17 T T ot e
o W . 4 ] £ 1% 'C-O‘i'PlTPNcw [ —— &
| { M1/ Pre-TFH 1 =] ‘PDE3B | o 7o B Biood
£ oo O S BTLA4- l -

HE S PCNX2
b2 “NCALD
L Fe EXT1
» 7 o
-
$ ., oxcus
! .:
Lo

']
cnss'ﬁbpm CD278.ICOS.AbSeq 4+

GCB
Naive B
Pre-TFH 1
TReg
NELL2 W"SW
L]
Pattern 5

NOP58 WKB;
TFH Replicating

Pattern 4 - 4‘
. 1
‘ |
e * ]
< i
3 A
Pattern 5 i . I
Th1 CD4 T AC .' * :
1 1
1 . 1
S A | % S .
Cell groups Patlerns Palterns Signaling [ ]
1 1

1 1 — V—
-4 -2 0 2 4 P
i . i avg_log2FC \00b (\G} \006 °-’§
Incoming signaling patterns -« » Q <0 QO

CTey Ten
™I

ICOS 44

Th1CD4 T

: s @ 48) ) .
Number of interactions Interaction weights/strength g

2
%

\'d = MHCS! - Figure 5. DEG were computed for tonsillar T, cells and cT,. 5A) Volcano plot
s &Ess Switched B Llass Switched B Cpis T . . : :
G CoBT G co8 T s indicating statistically significant DEG in tonsillar T, cells and cT,,. 5A) Key gene and
N PTPRM

corresponding BD® AbSeq Antibody expression visualized with violin plot.

, GALECTIN GALECTIN

Ay g COLLAGEN COLLAGEN

¥/ v Dﬂ\emory T ITGB2
/

ITGB2

1 IL2
ALCAM

CD6

cD99

CD40

CD86

MHC-I

0 SEMA4
CXCL

ADGRES5

TNF

cD23

CcCL

TGFb

IL2
ALCAM
CD6

>
0
o

)

T., enriched immune cell suspensions were fixed using BD® Sample
Preservation Buffer followed by permeabilization with BD Phosflow™ Perm
Buffer Ill and stained with intracellular, oligo-conjugated BD® AbSeq
Antibodies. Cells were counted with the BD Rhapsody™ System and loaded
onto the cell capture cartridge. Libraries were prepared and indexed for
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