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INTRODUCTION

The ability of murine yd T cells to rapidly produce the pro-
inflammatory cytokines interleukin-17 (IL-17) or interferon-y
(IFN-y) underlies their crucial roles in several pathophysiological
contexts, from infection to cancer or autoimmunity. This
functional capacity stems from acomplex process of
‘developmental pre-programming’ in the thymus, after which a
significant fraction of yo6 T cells migrate to peripheral sites
already committed to producing either IL-17 (y0617) or IFN-y
(y61). While several studies have studied these gd T cell
subtypes using surface markers that enrich for effector
function, we stilllack a characterisation of the mRNA
transcriptomes that specifically associate with IL-17 or IFN-y
production by yo T cells. To overcome this limitation, in this
study we established a double reporter IL-17-GFP:IFN-y-YFP
mouse strain, which allowed us to isolate pure IL-17*, IFN-y* and
the remaining IL-17IFN-y- (DN) yd& T cell populations from the
peripheral lymphoid organs in order to perform RNA-sequencing
and identify the subset-specific mRNAomes.

METHODS

To identify molecular factors directly associated with the
effector function of yd T cells, we generated a double reporter
mouse from single reporter mouse strains already established
(1,2). The reporter mice co-express the green fluorescent
protein (GFP) with IL-17A and the yellow fluorescent protein
(eYFP) with IFN-y, which we designate as double reporter (DR),
to simultaneously study pure populations of IFN-y or IL-17-
producing y& T cells (Fig. 1). This strategy overcomes the
limitations observed in previous studies that have been relying
on several extracellular markers of ydo T cells that correlate with
the potential of IFN-y or IL-17- production but that may not
reflect yo T cells actively producing these effector cytokines.
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Fig. 1 - Reporter mice co-expressing the green fluorescent protein (GFP) with

IL-17A and the yellow fluorescent protein (eYFP) with IFN-y.
Highly enriched populations of y& T cells expressing either IL-17
(GFP+), IFN-y (YFP+), or double negative (DN) were isolated
from the peripheral lymph nodes (pLN) of double reporter mice,
stimulated ex vivo to allow expression of the cytokines and
reporters, and separated into pure populations by fluorescence-
activated cell sorting (FACS) according to the expression of the
YFP and GFP markers (Fig.1). Subsequently, total RNA was
purified, an mMRNA library was generated for each sample, and
submitted to next-generation sequencing (NGS) (Fig.2).
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Fig. 2- The methodology used to isolate the cells of interest for NGS analysis.
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RESULTS

Overall, we detected the expression of 12822 genes inyd T
cells, with a significant number of genes being enriched in
y017 when compared with yd1 and yODN cells (Fig. 3A).
Among these, 936 genes were differentially expressed
between the three populations (Fig. 3B), with yd617 and yd1
cells displaying the most distinct mRNAomes, which
highlights their functional specialization, and Y061 being
more similar to DN than y017 cells (Fig. 3C).
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Fig. 3 - Venn diagrams of the differentially expressed genes (DEGs) within each
population (A) and the shared and unique DEGs in GFP+, YFP+, and DN y6 T cell
population (B). Correlation analysis of GFP+, YFP+, and DN y& T cell population (C).
A clear segregation of IL-17A and IFN-y expression levels is
observed in GFP+ vs YFP+, GFP+ vs DN and YFP+ vs DN
cells, with I[L-177A and IFN-y overexpression being
associated, respectively, with the GFP+ and YFP+ y0 T cells

as depicted in the respective volcano plots (Fig. 4).
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Fig.4 - Volc: 10 plots showing differential gene expression between GFP+,
YFP+,and DN yd T cells.

Not surprisingly, the cytokines IFN-y and IL-17A are
amongst the top 50 genes with the significant fold change
in the respective populations (FC=707x and 4346x). We also
found other differentially expressed transcripts associated
with one of the two effector subsets, such as Eomes
(FC=239x) and Rorc (FC=801x), essential transcription
factors, respectively, for IFN-y and IL-17 production by yO T
cells (Fig. 5).

C— T 1T 1 I 1 [
287 | 365 | 284 | CoB) (FC»1808x) 10 1 201 | 181 T
573 | 661 626 CotS (FC=788x) 200 | 306 | 2 j 71 (FCo2: "
€30 | 662 | 5.72 |fng 860 877 a2 | 447 122 (FCe1
77 S5 IR s5¢ o1 (Femssen) s 608 | 607 106 | 080 | 0,62  Adsm12 (FC=910x 5
(600 | €31 |7.72 | 434 | 464 |62 Eomes (702 |72 ] 267 | 271 |R1rc. )
a s 5 554 | 488 | 198  GeQUOT43 (FC=228x 846 830 382 | 408 38 orc
73| 783 02 || €90 | 672 | 7.12 | Trems (FC=227 a 904 824 540 | 510 | 511 |u23e (FCm84n) o
T T. ! TAT T7.05 85 I 6883 Mgl (FC=19dx) I Iua LI~ | sar . 544 T8 | Pudct (FCe450n) I
7 73T | 6 a2 G54 Sam® (FC=185%x 664 (6T 271 | 170 | 1.70 Posk) (FC=430w)
I? *7 ‘?37 I?m‘ TOT Gpr174 (FC=174 487 | 518 27T | 268 33 | Ret (FC=384x)
I 515 | 519 | -3 | 4 80 | 35 81 | Teat1 (FC=124 S04 534 408 324 298  Mist (FC=3T4x)
78| 7 782 7 12 | 7.76 | 762 Laa1 (FC=122x 7.08 | 724 N 256 | 108 | 202 | CorS (FC=308x)
22 | Celd (FC=103 552 | 588 -] 236 | 309 230 | Tewm 1760 (FC=33Y
l BET Coid (FC=100 €20 €71 & 220 | 245 157  Aged (FC=314x)
5 561 | 561 468 08 | 493 | Sel (FC=T3x 831 |83 B 396 | 394 | 3.86 | Stom (FC=293)
S18 | 847 | 583 | 527 | 5.06 | 583 | G360 (FC=62x (293 928 a1 o (486 | 481 479 | S430020KDIRK (FCx292x
621 | & 'g u' 7 | 824 | ngad (FC=81 .5?7.5?3.5 1“'0.'"‘1” Adcyd (FC=285x)
151 || 7 7 . 8s 1 se ] 789  Actnt (FC=ST 590 | 601 | 502 1.01 | 1.37 | 1.42 | Ame2 (FC=215x)
272 252 | 810 816 | 728 | 7.50 | 728 |Limp (FC=a5x 1 €20 | 651 568 Serpindta (FCe214x)
75 | 28 or |823 | 840 | 782 cazesreae 810 832 708 1 443 | 429 | 425 Npm (FCa1480)
19 151|735 774 | 664|835 | 843 | 804  Lag3 FCmeox 650 | 642 | 0.19 263 | 256 | 206 | Cystr1 (FC143x)
1.14 S47 | 582 | 512 | 480 | 447 | 432 | Lnipe (FCe28x 582 607 6 395 | 264 | 261 | Micl! (FC1400)
a2 | 268 ||& 798 | 7 €70 | 7.33 | 7.08 | Lck (Fe=281) 3 683 | 646 | 6.0 | NN (FC=133)
= 473 | 831 || 322 | 397 | 382 | Penk FC=28x) €12 | 648 | 6.61 219 | 241 | 1.61 | CA36 (FCo1330)
3 | 367 | 342 | fES ) | T ..7?‘[7'”17._(‘:‘”"‘:'”‘} 578 | 5 s.02 | 144 | 143 | 1.17 | Siedat1 (FC=127%)
245 | 2 2 & 701 & 792 | TAT | 679 | Yeip3 (FCo23x) il el |024 | 048 | 082 Upp! (FC=1210)
31 248 268 | 671 655 7.31 || 784 | 7.84 | 841 | Cer? (FCe21x) am e | sy | 398 ] 305 | S5 S RO 1)
[on]ow 057 | 517 408 462 || 747 | 700 | 733 | m2a (FC=20x) b b A SRt M ee Fo1I)
182 (257 | 178 | 617 | 672 | 612 || 530 | 472 | 5.40 | iInppan (FC=19m) 641|626 497 | 420 | 400 | PenSe ro=110)
313 i48 AS5 TE4 | TIT | 75 815 | 877 581 Ca¥sd (FC=18x) el 8.50 : 1 .am.a‘l_lm Pallg (FC=103m)
1.12 109 | 085 548 S05 | 479 ass  &T2 S8 Ca200 (FC=18x) .. ‘u. 273 |23 6“,‘1?.516 Pigs2 (FC=1020)
123 (088 | 075 | 545 | 495 | 488 | 483 | 453 | 487 |Cent2 (FC=18m) | 508 | 520 | S.08 =108 225 | 271 | 200 | TmemTMie (RC=94
519 591 580 _ 765 | 821 | 761  Criam (FC=17x) $23 | 562 | 471 | NEE LTS ) LIS )RS0 Abitg (PG
318 | 348 387 || 728 | 7.70 | 7.52 | | 7.18 | 7.57 | 763 | Caspd (FC=18x) | 535 | 540 | 5. | ERSNE | 256 | 307 | 247 | Irak3 (FC=T0x)
056 130 132 S04 S48 453 | 536 | 584 548 | ASIO00SF 158K (EC=15x | 542 | 547 | 501 | |SEONISESENNENN | 230 | 232 | 262 | Epee (FCo75x)
105 160 (08B0 || 479 549 490 | 408 | 496 | 441 | Pradbl (FC=15x) | 697 | 646 | 5.00 | IEEEURRNNNNESEY | 140 | 249 | 1.90 | Pl (FO=T2x)
147 183 158 | S49 | 513 563 | 589 | 555 | 556 | Nem (FC=15x) | 572 | 576 | 5.54 | OS] 028 [SOSN] | 296 | 238 | 214 | Myo16 (FCow)
4 44 + - 1k ~ T
2853 298 250 68T 694 817 7.0 B840 69 Adamihl (FC=14x .S 1.5ﬁ.$5‘ .38 |-041 °N| 1”-2“ R M FC=0R)
| | i * 3 + + + - T T 1 G F
280 301 276 | €81 €68 | 6.33 || 748 | 7.57 | 730  CaS(FC=14x) AN|ScC e IS |28 1218 ) 322 039 (FC=84
1 ! T 1 I 1 493 | 528 408 - - 104 1.3 LTt
408 454 428 | 779 | 817 | 818 | 784 | 8.00 | 8.11 | Prich (FC=13m) —di e 2t CdoaZbpd (FC
1 1 r 654 | 623 590 051 o041 |0 287 ¥ 228 FC=50m
473 488 482 [azs 842 B43 806 B23 | B05 Piscrl (FC=1dx) ey et e ] | <5 | R ( d
1 1 1 11 1 657 653 648 121 | 017 | 080 603 561 Cxcl10 (FC=S8x
252 | 276 | 250 | | 648 | 27 | 6.13 | | 546 | 4.99 | 552 | Carss (FC=120) | ==} R | { ‘
T 11 T 1 r T 1 385 408 | 380 ™ B4 704 SB3M1INDERK (FC=%
177 229 1.606 558 | 585 545 453 543 444 Coww (FC=13m) — L !
T 1 1 T 1 1 557 | 566 613 | -003 0194|037 218 29 224 Neabi (FC=S5x
4862 (427 a2 || BOT | BT ] 782 (8BS  BT2 BT0 Haec? (FC=13x) b . - <k I I 4} ¢ '
T 1 755 | 748 757 110 | 184 | 220 M 342 | Prdm1 (FC=5ix)
284 27T 322 650 632 468 S9T | 622 | 618 | ighmn (FC=12x) + + | | {
' . ' 4 T I * T40 T44 TTO 175 | 1.52 | 210 488 450 | Arhget10 (FC=53
4ce (424 423|785 | 780 | 761 | |805 | 802 | 816 | 0oc001sE0smm (FCm12x (220 [ o0 [ oc | RN
| 1 1 1 1 235 T4 O 420 408 402 861 B98 B840 Dge FCe47x
2.12 226 1.77 585 | 538 | 543 832 S04 504  Sic2Pa (FC=11x) ' - -
: . . : : 901l 88s laor | 367 238|314 STD 527 | Cen2 (FCad
77 |408 396 720 | 780 | T8 TA3 | T2 |7 Marcksit (FC=¥1)  —— . -
- i T | T | T.TT 210 202 | 153 5688 08 538 [Ca1bN -pfix
L T8 ar2 914 882 Trisf (FC=11x) v + | | :
- 641 | 657 | 605 | 120 | 004|157 | 440 30 | Tgmpt (FCadtn
s2 | 456 | 524 234 821 813 810  T85S 12 (FC=10x) I M
o > @ O o é E 6 X X < © ©
= n oz =z
¢ ¢ 8 33 ¢g¢g¢g  FT3IIZ I3 2

ﬂﬂﬂﬂﬂﬂ

Fig.5 - Top 50 genes enriched in y01 and y&17 cells.

RESULTS

Below, we show the validation of some of these differentially
expressed genes by yo61 and y&17 cells in lymph nodes (pLN)

and spleen (Sp) (Fig. 6).
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Fig.6 - Gene expression levels in YFP+/IFNy+,GFP+/IL-17, and DN yd population.

Next, we show the expression of these same genes in sorted
Vy4+, Vy6+GFP+ yOT cells, and Vy1+YFP+T cells from pLNs to
assess heterogeneity within each population.
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Fig. 7 - Gene expression in sorted Vy4+, Vy6+GFP+ yOT cells, and Vy1+YFP+T cells.

CONCLUSIONS

Pathway and gene ontology analyses indicated that yd17 cells
differ from their IFN-y-producing counterparts in their selective
ability to sense and integrate external cues, whereas y61 cells
stood out in replication, transcription and translation processes.
A more detailed analysis of the top 30 differentially expressed
genes among-the-meost-expressed-genes by yo017 and yo1 cells
revealed that the majority of the signature genes increase their
expression levels in the periphery upon their egress from the
thymus, suggesting that these effector subsets only terminate
their differentiation process at peripheral sites. Collectively, our
data allowed us to identify distinct mRNA signatures directly
associated with cytokine expressionin yo T cells, several of
which we are currently studying in disease models to identify
potential new roles in pathophysiology.
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