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S\stems Immunolog\ Characteri]ation of the Interaction of Immunological Set Points and

Disease Outcomes

Eli]abeth McCarth\

Abstract

S\VWHPV LPPXQRORJ\ cKaUacWHUL]HV KRZ LPPXQH cHOO W\SHV LQWHUacW ZLWKLQ dLIIHUHQW

cRQWH[WV WR OHad WR LPPXQRORJLcaO RXWcRPHV. SHYHUaO RI WKH WRROV RI V\VWHPV LPPXQRORJ\ aUH

dUaZQ IURP WKH VLQJOH-cHOO -RPLcV ZRUOd, ILWWLQJO\ VLQcH WKH ILUVW VLQJOH-cHOO WHcKQRORJ\, IORZ

c\WRPHWU\, ZaV aQd LV SULPaULO\ XVHd LQ LPPXQRORJ\ WR SKHQRW\SH dLYHUVH LPPXQH cHOO W\SHV.

HHUH, ZH SUHVHQW WKH XVH RI VLQJOH-cHOO WUaQVcULSWRPLcV aQd SURWHRPLcV WR WaNH a V\VWHPV

LPPXQRORJ\ aSSURacK WR VWXd\ KRZ LPPXQH VHW SRLQWV, cUHaWHd b\ JHQHWLc aQd HQYLURQPHQWaO

H[SRVXUHV, aIIHcW LQdLYLdXaO LPPXQH UHVSRQVHV LQ WKUHH PaMRU cOaVVHV RI dLVHaVH, aXWRLPPXQH

(UKHXPaWRLd aUWKULWLV), LQIHcWLRQ (ZLNa YLUXV), aQd caQcHU (PHWaVWaWLc SURVWaWH caQcHU).

HRZ SaWKRJHQLc CD4 T cHOOV dHYHORS WR caXVH aXWRLPPXQLW\ UHPaLQV XQNQRZQ. IQ WKH

SKG aXWRLPPXQH aUWKULWLV PRXVH PRdHO, ZH SURILOHd aUWKULWRJHQLc QawYH CD4 T cHOOV b\ bXON

aQd VLQJOH cHOO RNA aQd T cHOO aQWLJHQ UHcHSWRU (TCR) VHTXHQcLQJ SULRU WR aUWKULWLV RQVHW. OXU

aQaO\VHV UHYHaO WKaW dHVSLWH LPSaLUHd SUR[LPaO TCR VLJQaOLQJ, a VXbVHW RI SKG QawYH CD4 T

cHOOV WKaW KaYH PRVW UHcHQWO\ HQcRXQWHUHd aQWLJHQ PRUH KLJKO\ H[SUHVV JHQH SURJUaPV aVVRcLaWHd

ZLWK SRVLWLYH UHJXOaWLRQ RI T cHOO acWLYaWLRQ aQd c\WRNLQH VLJQaOLQJ cRPSaUHd WR ZLOd W\SH cHOOV.

TKHVH cHOOV aOVR LQdXcH JHQHV aVVRcLaWHd ZLWK QHJaWLYH UHJXOaWLRQ RI T cHOO acWLYaWLRQ bXW IRU a
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VXbVHW RI WROHURJHQLc PaUNHUV (H.J., Izumo1r, Tnfrsf9, Bach2, Eomes, Tigit, Tox, Tox2) dR VR aW

OHVVHU aPRXQWV WKaQ ZLOd W\SH cHOOV. FXUWKHUPRUH, WKHLU TCR VHTXHQcHV H[KLbLW a SUHYLRXVO\

XQUHcRJQL]Hd bLaV WRZaUdV VbV WKaW UHcRJQL]H VXSHUaQWLJHQ IURP HQdRJHQRXV UHWURYLUXV (ERV)

PRXVH PaPPaU\ WXPRU YLUXV (MMTV). IQ aUWKULWLc MRLQWV, WKHVH bLaVHd VbV aUH IXUWKHU H[SaQdHd

aQd ERVV aUH UHadLO\ dHWHcWHd. IQKLbLWLRQ RI YLUaO UHYHUVH WUaQVcULSWLRQ VLJQLILcaQWO\ UHdXcHd

SKG aUWKULWLV dHYHORSPHQW. TRJHWKHU, RXU UHVXOWV VXJJHVW WKaW HQdRJHQRXV YLUaO SURdXcWV SURPRWH

aXWRUHacWLYH QawYH CD4 T cHOOV ZKLcK UHcRJQL]H HQdRJHQRXV YLUaO VXSHUaQWLJHQV WR bUHaN

WROHUaQcH YLa cKaQJHV WR WKHLU WUaQVcULSWRPH aQd acWLYaWLRQ VWaWH.

AOWKRXJK JHQHUaWLQJ KLJK QHXWUaOL]LQJ aQWLbRd\ OHYHOV LV a NH\ cRPSRQHQW RI SURWHcWLYH

LPPXQLW\ aIWHU acXWH YLUaO LQIHcWLRQ RU YaccLQaWLRQ, OLWWOH LV NQRZQ abRXW ZK\ VRPH LQdLYLdXaOV

JHQHUaWH KLJK YHUVXV ORZ QHXWUaOL]LQJ aQWLbRd\ WLWHUV. HHUH, ZH OHYHUaJH WKH KLJK-dLPHQVLRQaO

VLQJOH-cHOO SURILOLQJ caSacLW\ RI PaVV c\WRPHWU\ WR cKaUacWHUL]H WKH ORQJLWXdLQaO cHOOXOaU LPPXQH

UHVSRQVH WR ZLNa YLUXV (ZIKV) LQIHcWLRQ LQ YLUHPLc KXPaQ bORRd dRQRUV LQ PXHUWR RLcR. DXULQJ

acXWH ZIKV LQIHcWLRQ, ZH LdHQWLI\ ZLdHO\ cRRUdLQaWHd UHVSRQVHV acURVV LQQaWH aQd adaSWLYH

LPPXQH cHOO OLQHaJHV. HLJK IUHTXHQcLHV RI PXOWLSOH acWLYaWHd cHOO W\SHV dXULQJ acXWH LQIHcWLRQ aUH

aVVRcLaWHd ZLWK KLJK WLWHUV RI ZIKV QHXWUaOL]LQJ aQWLbRdLHV 6 PRQWKV SRVW-LQIHcWLRQ, ZKLOH VWabOH

LPPXQH IHaWXUHV VXJJHVWLQJ a c\WRWR[Lc-VNHZHd LPPXQH VHW SRLQW aUH aVVRcLaWHd ZLWK ORZ WLWHUV.

OXU VWXd\ RIIHUV LQVLJKW LQWR WKH cRRUdLQaWLRQ RI LPPXQH UHVSRQVHV aQd LdHQWLILHV caQdLdaWH

cHOOXOaU bLRPaUNHUV WKaW Pa\ RIIHU SUHdLcWLYH YaOXH LQ YaccLQH HIILcac\ WULaOV aLPHd aW LQdXcLQJ

KLJK OHYHOV RI aQWLYLUaO QHXWUaOL]LQJ aQWLbRdLHV.

CaQcHU LPPXQRWKHUaS\ KaV bHHQ a UHYROXWLRQaU\ aQWL-WXPRU WUHaWPHQW, bXW LQ SURVWaWH

caQcHUV, aQd RWKHU VROLd WXPRUV, WKH UHVSRQVH KaV bHHQ OLPLWHd. SLSXOHXcHO-T, aQ aXWRORJRXV

aQWLJHQ-SUHVHQWLQJ cHOO YaccLQH LQYROYLQJ ex vivo SHSWLdH VWLPXOaWLRQ, LV WKH RQO\ aSSURYHd

L[



LPPXQRWKHUaS\ IRU adYaQcHd SURVWaWH caQcHU. UQdHUVWaQdLQJ WKH LPPXQRJHQLc aQd WROHURJHQLc

P\HORLd cHOO VWaWHV LQ SURVWaWH caQcHU cRXOd LPSURYH WKH OLPLWHd LPPXQRWKHUaS\ UHVSRQVH. WH

XVHd a JHQHWLc PXOWLSOH[LQJ VWUaWHJ\ WR VLPXOWaQHRXVO\ SURILOH JHQH aQd SURWHLQ H[SUHVVLRQ RQ

VLQJOH cHOOV IURP a400,000 SHULSKHUaO bORRd PRQRQXcOHaU cHOOV (PBMCV) IURP ORQJLWXdLQaO

VaPSOLQJ RI a PHWaVWaWLc caVWUaWLRQ-UHVLVWaQW SURVWaWH caQcHU (PCRPC) KXPaQ cRKRUW UHcHLYLQJ

cRPbLQHd LPPXQRWKHUaS\ (VLSXOHXcHO-T aQd LSLOLPXPab). WH LdHQWLILHd cR-H[SUHVVHd cKURQLc

LQWHUIHURQ aQd cRPSOHPHQW JHQH VLJQaWXUHV LQ WKH SHULSKHUaO CD14+ P\HORLd cRPSaUWPHQW

ZKLcK SUHdLcWHd LPPXQRWKHUaS\ UHVLVWaQcH. IQ cRQWUaVW, WKH UHVSRQdHUV Kad KLJKHU IUHTXHQc\ RI

SURJHQLWRU H[KaXVWHd CD8+ T cHOOV (TSH[) VXJJHVWLQJ a SHUPLVVLYH P\HORLd HQYLURQPHQW UHTXLUHV

a SURdXcWLYH T cHOO UHVSRQVH IRU aQWL-WXPRU acWLYLW\. FXWXUH WULaOV cRXOd XVH ORZ cR-H[SUHVVLRQ RI

WKH CD14+ P\HORLd cKURQLc LQWHUIHURQ aQd cRPSOHPHQW JHQH VLJQaWXUHV aV a bLRPaUNHU WR VHOHcW

SaUWLcLSaQWV ZKR aUH PRUH OLNHO\ WR UHVSRQd WR WKHUaS\ aQd cRXOd VSHcLILcaOO\ WaUJHW WKLV P\HORLd

VWaWH WR SRWHQWLaOO\ LPSURYH UHVSRQVH WR LPPXQRWKHUaS\.
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Chapter 1: Introduction

S\VWHPV LPPXQRORJ\ XWLOL]HV a YaULHW\ RI WHcKQRORJLHV WR JHQHUaWH OaUJH-VcaOH daWaVHWV WR JaLQ

LQVLJKWV abRXW WKH cHOOXOaU VWaWHV aQd LQWHUacWLRQV ZLWKLQ WKH LPPXQH V\VWHP XVLQJ a cRPbLQaWLRQ

RI bLRLQIRUPaWLcV WRROV aQd LPPXQRORJLcaO H[SHUWLVH (1). WKLOH WKH cHOOV WKaW PaNH XS WKH

LPPXQH V\VWHP KaYH cRPSOH[ LQdLYLdXaO SKHQRW\SHV aQd IXQcWLRQV, WKH cHOO-cHOO LQWHUacWLRQV aQd

dLVWULbXWLRQ RI WKH WRWaO LPPXQH cHOO PLOLHX acURVV LQdLYLdXaO VWaWHV, ZKLcK caQ bH caSWXUHd b\ a

V\VWHPV LPPXQRORJ\ aSSURacK, aUH cULWLcaO WR XQdHUVWaQdLQJ LPPXQH V\VWHP IXQcWLRQ aQd

d\VIXQcWLRQ. SLQJOH-cHOO -RPLcV aUH SaUW RI WKH bHdURcN RI V\VWHPV LPPXQRORJ\ WRROV.

MaQ\ RI WKH daWaVHWV JHQHUaWHd b\ VLQJOH-cHOO -RPLcV WHcKQRORJLHV XVH a VLPLOaU aQaO\WLcaO

SLSHOLQH. HHUH ZH IRcXV RQ WHcKQRORJLHV XVHd WR JHQHUaWH VLQJOH cHOO SURWHRPLcV (PaVV c\WRPHWU\

b\ WLPH-RI-IOLJKW (C\TOF) (2)), VLQJOH-cHOO WUaQVcULSWRPLcV (VLQJOH-cHOO RNA VHTXHQcLQJ

(VcRNA-VHT) (3) aQd VLQJOH-cHOO T cHOO UHcHSWRU VHTXHQcLQJ (VcTCR-VHT) (4)), aQd WKHLU

cRPbLQaWLRQ (cHOOXOaU LQdH[LQJ RI WUaQVcULSWRPHV aQd HSLWRSHV b\ VHTXHQcLQJ (CITE-VHT)) (5).

EacK H[SHULPHQWaO WHcKQRORJ\ UHTXLUHV daWa TXaOLW\ cRQWURO, QRUPaOL]aWLRQ, aQd RWKHU

SUH-SURcHVVLQJ VWHSV (6,7). TKHVH VLQJOH-cHOO daWa caQ bH YLVXaOL]Hd ZLWK QXPHURXV

dLPHQVLRQaOLW\ UHdXcWLRQ aOJRULWKPV (8,9), aQd cOXVWHULQJ aOJRULWKPV (10,11) aUH cRPPRQO\

aSSOLHd WR SaUWLWLRQ cHOOV WKaW VKaUH VLPLOaU PXOWLdLPHQVLRQaO H[SUHVVLRQ SURILOHV. SWaWLVWLcaO

PHWKRdV IRU dLIIHUHQWLaO abXQdaQcHV (12,13) aUH cRPPRQO\ aSSOLHd WR LdHQWLI\ bLRORJLcaO

dLIIHUHQcHV acURVV H[SHULPHQWaO cRQdLWLRQV RU JURXSV RI VaPSOHV, aV aUH PHWKRdV WR LdHQWLI\

dLIIHUHQWLaO H[SUHVVLRQ (14) RI WKH TXaQWLILHd cHOOXOaU IHaWXUH (H.J., SURWHLQ, RNA, HWc.) ZLWKLQ

cOXVWHUV RI LQWHUHVW. TUaMHcWRU\ LQIHUHQcH aOJRULWKPV (15) caQ UHcRQVWUXcW dLIIHUHQWLaWLRQ RU

acWLYaWLRQ SURcHVVHV, OHYHUaJLQJ WKH VLQJOH-cHOO QaWXUH RI WKHVH daWa. FRU VcTCR-VHT, aQaO\WLcaO

WHcKQLTXHV (16) ZKLcK caQ caSWXUH XQHTXaO dLVWULbXWLRQ RI cORQRW\SHV acURVV cHOOV VXcK aV GLQL
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cRHIILcLHQW RU SKaQQRQ HQWURS\ aUH XVHd WR PHaVXUH cORQaO UHVWULcWLRQ acURVV cHOOV ZLWKLQ a

VaPSOH.

A IXQdaPHQWaO TXHVWLRQ LQ LPPXQRORJ\ LV ZKaW IHaWXUHV aQd LQWHUacWLRQV ZLWKLQ WKH

LPPXQH V\VWHP dHWHUPLQH a VXccHVVIXO RU XQVXccHVVIXO UHVSRQVH WR aQ LPPXQRORJLcaO

SHUWXUbaWLRQ (H.J., LQIHcWLRQ, PaOLJQaQc\, HWc.). IQ PaQ\ cRQWH[WV, LPPXQH VHW SRLQWV KaYH

HPHUJHd aV NH\ IacWRUV WKaW caQ dHWHUPLQH LPPXQRORJLcaO UHVSRQVHV bHIRUH a SHUWXUbaWLRQ.

IPPXQH VHW SRLQWV aUH dHWHUPLQHd b\ WKH LQWHUacWLRQ RI LQWULQVLc KRVW IacWRUV (H.J., PLcURbLRPH,

JHQHWLcV, HWc.) aQd WKH H[WULQVLc HQYLURQPHQWaO IacWRUV (H.J., SUHYLRXV LQIHcWLRQV, caUcLQRJHQ

H[SRVXUH, HWc.). FRU H[aPSOH, WKH OHYHO RI UHJXOaWRU\ T cHOOV ZaV VKRZQ WR bH a WXQabOH LPPXQH

VHW SRLQW WKaW cRXOd bH XVHd WR dHcUHaVH WKH ULVN RI WKH dHYHORSPHQW RI aXWRLPPXQH dLVHaVH LQ

PRXVH PRdHOV (17). AddLWLRQaOO\, WKH QHRQaWaO PLcURbLRPH cRPSRVLWLRQ KaV bHHQ VKRZQ WR aOWHU

WKH ULVN RI dHYHORSLQJ cKLOdKRRd aVWKPa (18). IPPXQH VHW SRLQWV caQ aOVR aIIHcW WKH UHVSRQVH WR

LPPXQH-PHdLaWHd WUHaWPHQWV. IQdHHd, a KLJKHU ULVN IRU TK17-PHdLaWHd VNLQ aXWRLPPXQH dLVHaVH

LV aVVRcLaWHd ZLWK UHVSRQVH WR cKHcNSRLQW UHcHSWRU LQKLbLWRUV LQ bOaddHU caQcHU (19).

CKaUacWHUL]LQJ KRZ LPPXQH VHW SRLQWV caQ aIIHcW WKH dHYHORSPHQW RI dLVHaVH aQd WKH UHVSRQVH WR

WUHaWPHQW caQ UHYHaO LPSRUWaQW bLRPaUNHUV WR SUHdLcW dLVHaVH ULVN RU WR JXLdH WUHaWPHQW VHOHcWLRQ

aQd caQ aOVR VXJJHVW SRWHQWLaO PHcKaQLVPV IRU dLVHaVH SaWKRJHQHVLV.

IQ cKaSWHU 2, ZH LQYHVWLJaWH KRZ JHQHWLc IacWRUV, QaPHO\ a K\SRPRUSKLc PXWaWLRQ LQ

ZaS70 ZKLcK LPSaLUV SUR[LPaO TCR VLJQaOLQJ LQ WKH SKG PRXVH, cUHaWH aQ aUWKULWRJHQLc

LPPXQH VHW SRLQW. WH XVHd bXON RNA VHTXHQcLQJ aQd VLQJOH-cHOO RNA aQd TCR VHTXHQcLQJ WR

LQYHVWLJaWH WKH QawYH CD4 T cHOO cRPSaUWPHQW bHIRUH aUWKULWLV LQdXcWLRQ. WH IRXQd a dHIHcW LQ WKH

LQdXcWLRQ RI SHULSKHUaO WROHUaQcH aQd a TCR BHWa VaULabOH cKaLQ (TRBV) bLaV WRZaUdV aQ

aXWRUHacWLYH TCR UHSHUWRLUH LQ WKH SKG PLcH cRPSaUHd WR ZLOd-W\SH (WT) PLcH.
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IQ cKaSWHUV 3 aQd 4, ZH VKLIW IRcXV IURP PRXVH PRdHOV WR KXPaQ LPPXQRORJ\. IQ cKaSWHU

3, ZH H[SORUHd KRZ LPPXQH VHW SRLQWV aIIHcW WKH PaLQWaLQHd OHYHOV RI ORQJ-WHUP QHXWUaOL]LQJ

aQWLbRdLHV aIWHU a YLUaO LQIHcWLRQ. WH SURILOHd SHULSKHUaO bORRd PRQRQXcOHaU cHOOV (PBMCV) ZLWK

C\TOF WKaW ZHUH ORQJLWXdLQaOO\ VaPSOHd IURP SaUWLcLSaQWV ZKR ZHUH LQIHcWHd ZLWK ZLNa YLUXV

(ZIKV). A c\WRWR[Lc-VNHZHd LPPXQH VHW SRLQW H[SUHVVHd dXULQJ acXWH LQIHcWLRQ aQd aIWHU WKH

UHVROXWLRQ RI LQIHcWLRQ WKaW SUHdLcWHd ORZHU OHYHOV RI ZIKV QHXWUaOL]LQJ aQWLbRdLHV 6 PRQWKV

SRVW-LQIHcWLRQ.

IQ cKaSWHU 4, ZH aVNHd LI aQ LPPXQH VHW SRLQW cRXOd SUHdLcW UHVLVWaQcH WR LPPXQRWKHUaS\

LQ PHWaVWaWLc caVWUaWLRQ-UHVLVWaQW SURVWaWH caQcHU (PCRPC). WH XVHd PXOWLSOH[Hd CITE-VHT WR

SURILOH ORQJLWXdLQaO VaPSOHV IURP cOLQLcaO WULaO SaUWLcLSaQWV UHcHLYLQJ cRPbLQHd LPPXQRWKHUaS\

RI VLSXOHXcHO-T, aQ aQWLJHQ SUHVHQWLQJ YaccLQH, aQd LSLOLPXPab, a cKHcNSRLQW UHcHSWRU LQKLbLWRU,

IRU PCRPC. WH IRXQd a cR-H[SUHVVHd cKURQLc LQWHUIHURQ aQd cRPSOHPHQW VLJQaWXUH LQ WKH

SHULSKHUaO CD14+ P\HORLd cRPSaUWPHQW ZKLcK SUHdLcWHd UHVLVWaQcH WR LPPXQRWKHUaS\ ZKLcK

cRXOd SRWHQWLaOO\ LQKLbLW WKH SURJHQLWRU H[KaXVWHd (TSH[)-OLNH CD8+ T cHOO SRSXOaWLRQ ZKLcK ZaV

HQULcKHd LQ UHVSRQdHUV.
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Introduction

AcWLYaWLRQ RI cRQYHQWLRQaO CD4 T cHOOV WKaW UHcRJQL]H VSHcLILc VHOI-aQWLJHQ(V) LV WKRXJKW WR bH

QHcHVVaU\ IRU UKHXPaWRLd aUWKULWLV (RA) RQVHW (1). A SaUadR[LcaO RbVHUYaWLRQ IURP SaWLHQWV ZLWK

RA LV WKaW CD4 T cHOOV caQ dLIIHUHQWLaWH LQWR SaWKRJHQLc HIIHcWRU cHOOV dHVSLWH LPSaLUHd TCR

VLJQaOLQJ (2-8). YHW, KRZ WKHVH T cHOOV VXbYHUW WROHUaQcH WR caXVH dLVHaVH UHPaLQV LQcRPSOHWHO\

XQdHUVWRRd. T cHOO-LQWULQVLc PHcKaQLVPV WKaW RSHUaWH dXULQJ WK\PLc dHYHORSPHQW (QHJaWLYH

VHOHcWLRQ RI VHOI-UHacWLYH cHOOV) aQd LQ SHULSKHUaO T cHOOV (IXQcWLRQaO XQUHVSRQVLYHQHVV RU

µaQHUJ\¶) aUH HVVHQWLaO WR PaLQWaLQ WROHUaQcH WR VHOI.

TKH SKG PRXVH PRdHO dHULYHd IURP WKH BALB/c JHQHWLc bacNJURXQd LV a SRZHUIXO WRRO

WR dHILQH KRZ dHIHcWV LQ WROHUaQcH cRQWULbXWH WR aUWKULWLV. DXH WR a K\SRPRUSKLc PXWaWLRQ LQ

ZAP70, a c\WRSOaVPLc W\URVLQH NLQaVH cULWLcaO IRU SUR[LPaO TCR VLJQaOLQJ, SKG PLcH H[KLbLW

LPSaLUHd WK\PRc\WH QHJaWLYH VHOHcWLRQ UHVXOWLQJ LQ a bUHaN LQ cHQWUaO WROHUaQcH aQd HVcaSH RI

VHOI-UHacWLYH CD4 T cHOOV LQWR WKH SHULSKHU\ (9-12). IQ UHVSRQVH WR aQ LQQaWH LPPXQH VWLPXOXV,

aUWKULWRJHQLc CD4 T cHOOV WKaW aUH RWKHUZLVH dRUPaQW bHcRPH acWLYaWHd UHVXOWLQJ LQ HURVLYH

LQIOaPPaWRU\ aUWKULWLV WKaW UHVHPbOHV RA (9, 13). SKG CD4 T cHOOV aUH VXIILcLHQW aQd QHcHVVaU\

WR caXVH aUWKULWLV (9), aQd ZH KaYH VKRZQ WKaW adRSWLYH WUaQVIHU RI HYHQ QawYH SKG CD4 T cHOOV

(LQWR LPPXQRdHILcLHQW KRVWV) aUH VXIILcLHQW WR WULJJHU dLVHaVH (10). WKLOH WKH SKG PLcH KaYH a

NQRZQ dHIHcW LQ cHQWUaO WROHUaQcH, LW LV XQcOHaU KRZ SKG T cHOOV VXbYHUW SHULSKHUaO WROHUaQcH WR

dLIIHUHQWLaWH LQWR SaWKRJHQLc HIIHcWRU cHOOV WKaW caXVH IUaQN dLVHaVH LQ WKH VHWWLQJ RI VHYHUHO\

LPSaLUHd TCR VLJQaOLQJ.

TR addUHVV WKLV TXHVWLRQ, ZH SUHYLRXVO\ dHYHORSHd WKH SKGNXU PRXVH ZKLcK cRPbLQHV

WKH SKG PRdHO ZLWK a UHSRUWHU RI TCR VLJQaOLQJ, NXU77/Nr4a1-HGFP, WKaW WHWKHUV GFP

H[SUHVVLRQ WR WKH UHJXOaWRU\ UHJLRQ RI Nr4a1 (HQcRdLQJ WKH RUSKaQ QXcOHaU KRUPRQH UHcHSWRU
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NXU77). BHcaXVH NR4A1 LV UaSLdO\ aQd VHOHcWLYHO\ XSUHJXOaWHd LQ UHVSRQVH WR aQWLJHQ bXW QRW

LQIOaPPaWRU\ VWLPXOL (14, 15), WKH SKGNXU PRXVH aOORZV XV WR LdHQWLI\ aQWLJHQ-acWLYaWHd T cHOOV

bHIRUH aQd dXULQJ dLVHaVH. WH SUHYLRXVO\ dHPRQVWUaWHd WKaW KLJK NXU77-HGFP H[SUHVVLRQ LQ

SKGNXU PLcH LdHQWLILHV VHOI-UHacWLYH QawYH CD4 T cHOOV bHIRUH dLVHaVH RQVHW ZLWK JUHaWHU

SRWHQWLaO WR caXVH aUWKULWLV, LQ SaUW, bHcaXVH RI abQRUPaOO\ KHLJKWHQHd UHVSRQVHV WR LQWHUOHXNLQ 6

(IL-6) (10) (Supplementar\ Fig. 2.1A). WH SURSRVHd WKaW cKURQLc aQWLJHQ VWLPXOaWLRQ RI

SHULSKHUaO SKG CD4 T cHOOV UHVXOWV LQ ORZHU OHYHOV RI VXSSUHVVRU RI c\WRNLQH VLJQaOLQJ 3

(SOCS3)²a NH\ QHJaWLYH UHJXOaWRU RI IL-6 VLJQaOLQJ, aQd VKRZHd WKaW WKLV PHcKaQLVP Pa\

RSHUaWH LQ SaWLHQWV ZLWK RA (10). TKLV OHd XV WR K\SRWKHVL]H WKaW SKG CD4 T cHOOV PLJKW H[KLbLW

d\VUHJXOaWHd H[SUHVVLRQ RI a bURadHU JHQH SURJUaP RI QHJaWLYH LPPXQH UHJXOaWRUV UHQdHULQJ

WKHP PRUH VXVcHSWLbOH WR VWLPXOL WKaW cRXOd OHad WR a bUHacK LQ SHULSKHUaO WROHUaQcH.

TR WHVW WKLV K\SRWKHVLV, ZH VWXdLHd WKH TCR UHSHUWRLUH aQd WUaQVcULSWRPH RI aUWKULWRJHQLc

QawYH CD4 T cHOOV LQ SKG PLcH b\ SHUIRUPLQJ bRWK bXON aQd VLQJOH cHOO RNA VHTXHQcLQJ. WH

caSLWaOL]Hd RQ WKH SKGNXU PRdHO LQ RUdHU WR caSWXUH aUWKULWRJHQLc (SKGNXU GFPKL) cHOOV bHIRUH

dLVHaVH RQVHW (aNLQ WR WKH SUH-RA SKaVH RI dLVHaVH (16)). WH UHaVRQHd WKLV cRXOd UHYHaO HaUO\

HYHQWV LQ SaWKRJHQHVLV aQd LdHQWLI\ QRYHO WaUJHWV WR SUHVHUYH WROHUaQcH aQd SUHYHQW dLVHaVH.

WLWKLQ aUWKULWRJHQLc QawYH CD4 T cHOOV, ZH IRXQd a cOXVWHU RI cHOOV PaUNHd b\ KLJK Nr4a1

H[SUHVVLRQ WKaW XSUHJXOaWH JHQH SURJUaPV aVVRcLaWHd ZLWK TCR VLJQaOLQJ LQ UHVSRQVH WR

aQWLJHQ-HQcRXQWHU. TKRXJK Nr4a1 KLJK H[SUHVVLQJ SKG CD4 T cHOOV aOVR XSUHJXOaWH WROHURJHQLc

SURJUaPV, ZH LdHQWLILHd a dHIHcW LQ WKH H[WHQW WR ZKLcK WKH\ dR VR UHOaWLYH WR WT CD4 T cHOOV.

FXUWKHUPRUH, TCR VHTXHQcLQJ RI WKH aUWKULWRJHQLc CD4 T cHOOV UHYHaOHd aQ HQULcKPHQW RI

YaULabOH bHWa (Vb) cKaLQV WKaW UHcRJQL]H VXSHUaQWLJHQ (SaJ) IURP PRXVH PaPPaU\ WXPRU YLUXV

(MMTV), aQ HQdRJHQRXV UHWURYLUXV (ERV), LQ BALB/c PLcH. WH Kad SUHYLRXVO\ VKRZQ WKaW
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WKHVH VbV HVcaSH QHJaWLYH VHOHcWLRQ LQ SKG PLcH (12). HHUH ZH ILQd SHULSKHUaO T cHOOV bHaULQJ

WKHVH VbV aUH VWURQJO\ aVVRcLaWHd ZLWK aQ acWLYaWHd TCR VLJQaOLQJ SURJUaP. WH cRQILUPHd

HQULcKPHQW RI WKHVH TRBVV LQ aUWKULWRJHQLc SKG QawYH CD4 T cHOOV b\ TCR Vb SURWHLQ

H[SUHVVLRQ. MRUHRYHU, WKH IUHTXHQc\ RI CD4 T cHOOV bHaULQJ VbV WKaW UHcRJQL]H MMTV SaJ aUH

H[SaQdHd LQ WKH aUWKULWLc MRLQWV RI SKG PLcH aQd Pa\ cRQWULbXWH WR dHYHORSPHQW aQd/RU VHYHULW\

RI aUWKULWLV. IQdHHd, ZH ILQd WKaW aQWLUHWURYLUaOV VKRZQ WR VXSSUHVV ERV UHYHUVH WUaQVcULSWaVH aQd

MMTV YLUaO ORad (17, 18) VLJQLILcaQWO\ aPHOLRUaWH aQd dHOa\ SKG aUWKULWLV RQVHW. OXU UHVXOWV

UHYHaO WKaW VHOI-UHacWLYH SKG T cHOOV ZKLcK HVcaSH QHJaWLYH VHOHcWLRQ KaUbRU aQ LQdHSHQdHQW

dHIHcW LQ SHULSKHUaO WROHUaQcH ZKLcK, WRJHWKHU ZLWK cKURQLc aQWLJHQ VWLPXOaWLRQ, VHWV WKH VWaJH IRU

dLVHaVH. MRUHRYHU, ZH SURSRVH a QRYHO UROH IRU HQdRJHQRXV MMTV SaJ LQ SURPRWLQJ

aUWKULWRJHQLc T cHOO UHVSRQVHV.

Results

AUWKULWRJHQLF SKG NawYH CD4 T CHOOV DLVSOa\ a SLJQaWXUH RI TCR AFWLYaWLRQ

WH UHcHQWO\ dHPRQVWUaWHd WKaW LQ WKH SKGNXU PRdHO, LW LV SRVVLbOH WR LdHQWLI\ aUWKULWRJHQLc QawYH

CD4 T cHOOV SULRU WR dLVHaVH RQVHW RQ WKH baVLV RI NXU77-HGFP H[SUHVVLRQ (10). TR cKaUacWHUL]H

WKH WUaQVcULSWLRQaO SURJUaP RI WKH aUWKULWRJHQLc CD4 T cHOOV (WKH SKGNXU GFPKL SRSXOaWLRQ)

SULRU WR dLVHaVH RQVHW, ZH SHUIRUPHd bXON RNA-VHTXHQcLQJ RQ QawYH (CD62LKLCD44ORCD25-)

CD4 T cHOOV ZLWK WKH KLJKHVW (GFPKL) RU ORZHVW GFP H[SUHVVLRQ (GFPOR) IURP SKG aQd ZLOd-W\SH

(SKGNXU aQd WTNXU) PLcH (Fig. 2.1A, Supplementar\ Fig. 2.1B). PULQcLSaO cRPSRQHQW (PC)

aQaO\VLV UHYHaOHd aOO IRXU VXbJURXSV aUH WUaQVcULSWLRQaOO\ dLVWLQcW ZLWK WKH cRPSRQHQW WKaW

H[SOaLQV WKH OaUJHVW aPRXQW (57%) RI YaULaQcH VHSaUaWLQJ VaPSOHV b\ GFP H[SUHVVLRQ IROORZHd

b\ WKH VHcRQd cRPSRQHQW, ZKLcK H[SOaLQV 22% RI YaULaQcH, VHSaUaWLQJ VaPSOHV b\ JHQRW\SH (Fig.

2.1B). HLHUaUcKLcaO cOXVWHULQJ RI WKH 991 dLIIHUHQWLaOO\ H[SUHVVHd JHQHV (DEGV) bHWZHHQ
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VXbJURXSV LdHQWLILHd VL[ JHQH PRdXOHV (Fig. 2.1C). GHQH RQWRORJ\ aQaO\VLV (19) UHYHaOHd

IXQcWLRQaO KHWHURJHQHLW\ bHWZHHQ, aQd LQ VRPH caVHV ZLWKLQ, WKHVH PRdXOHV (Fig. 2.1D). TR

IXUWKHU dLVVHcW WKH WUaQVcULSWRPLc dLIIHUHQcHV bHWZHHQ WTNXU GFPKL aQd SKGNXU GFPKL cHOOV,

ZH IRcXVHd RQ WKH 260 DEGV bHWZHHQ WKHVH WZR VXbJURXSV (Supplemental Fig. 2.1C-D). CHOO

c\cOH JHQHV (H.J., Cdca3, Cdk2nc, Mki67, SULPaULO\ UHSUHVHQWHd LQ PRdXOH 1) ZHUH PRUH KLJKO\

H[SUHVVHd LQ WKH SKGNXU GFPKL cHOOV. SKGNXU GFPKL cHOOV ZHUH aOVR IRXQd WR KaYH LQcUHaVHd

H[SUHVVLRQ RI JHQHV (H.J., Socs1, Tnfsf14, Il2ra, H2-Aa, H2-Ab1 UHSUHVHQWHd LQ PRdXOH 6) aQd

SaWKZa\V aVVRcLaWHd ZLWK c\WRNLQH VLJQaOLQJ aQd aQWLJHQ SURcHVVLQJ cRPSaUHd WR WTNXU GFPKL

cHOOV (Fig. 2.1C-E). TKLV VLJQaWXUH aSSHaUV WR bH LQdHSHQdHQW RI GFP H[SUHVVLRQ LQ SKG cHOOV

(Fig. 2.1C).

DHVSLWH WKHLU K\SRPRUSKLc Zap70 aOOHOH aQd LPSaLUHd SUR[LPaO TCR VLJQaOLQJ (9, 10,

12), SKGNXU GFPKL cHOOV XSUHJXOaWH TCR VLJQaOLQJ UHVSRQVH JHQHV, bRWK SRVLWLYH (Egr1, Id3,

Icos, Irf4, Tnfrsf9, Tnfrsf4, Myb) aQd QHJaWLYH UHJXOaWRUV (Nr4a1, Nr4a3, Cd5, Folr4/Izumo1r,

Tigit, Tox, Pdcd1, Lag3, Ctla4, Birc5, Nrp1) RI TCR VLJQaOLQJ (IRXQd LQ PRdXOHV 1 aQd 2, Fig.

2.1C-D) cRPSaUHd WR GFPOR cHOOV. PaUadR[LcaOO\, SKGNXU GFPKL CD4 T cHOOV KaYH KLJKHU

H[SUHVVLRQ RI SaWKZa\V aVVRcLaWHd ZLWK T cHOO acWLYaWLRQ aQd VLJQaOLQJ cRPSaUHd WR WTNXU

GFPKL cHOOV (Fig. 2.1E). AddLWLRQaOO\, ZH IRXQd WKaW JHQHV aVVRcLaWHd ZLWK WROHURJHQLc SURJUaPV,

aQd LQdXcHd b\ TCR VLJQaOLQJ, aUH bURadO\ XSUHJXOaWHd LQ SKGNXU aQd WTNXU GFPKL cHOOV,

WKRXJK a VXbVHW RI WROHURJHQLc JHQHV aUH QRW aV KLJKO\ H[SUHVVHd LQ SKGNXU GFPKL T cHOOV

cRPSaUHd WR WT (H.J., Folr4/Izumo1r, Tigit, Tox, Lag3). TKH ORZHU H[SUHVVLRQ RI Folr4²ZKLcK

LV aOVR NQRZQ aV Izumo1r and HQcRdHV FROaWH RHcHSWRU 4 (FR4), a VSHcLILc PaUNHU RI aQHUJLc

cHOOV²VXJJHVWV WKaW SHUKaSV SKGNXU GFPKL CD4 T cHOOV Pa\ VXb RSWLPaOO\ LQdXcH aQHUJ\

aQd/RU RWKHU WROHURJHQLc SURJUaPV. (Fig. 2.1C). OXU UHVXOWV LQdLcaWH SKGNXU GFPKL CD4 T cHOOV
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XSUHJXOaWH TCR acWLYaWLRQ aQd c\WRNLQH VLJQaOLQJ VLJQaWXUHV OLNHO\ LQ UHVSRQVH WR cKURQLc aQWLJHQ

HQcRXQWHU bXW Pa\ LQHIILcLHQWO\ LQdXcH WROHURJHQLc SURJUaPV WR UHVWUaLQ WKHVH UHVSRQVHV.

AQ EQKaQFHG TCR SLJQaOLQJ PURJUaP DHILQHV a SXEVHW RI SKG GFPKL NawYH CD4 T CHOOV

TKH ORQJ KaOI-OLIH RI HGFP (20) cRPSaUHd WR WKH PRUH d\QaPLc WXUQRYHU RI NUR77/Nr4a1

SURWHLQ aQd WUaQVcULSW (21-23) (Supplementar\ Fig. 2.2A-C) PHaQV GFPKL cHOOV OLNHO\ cRQVLVW RI

PL[Hd SRSXOaWLRQV RI PRUH aQd OHVV UHcHQWO\ VWLPXOaWHd cHOOV. TR RYHUcRPH WKLV OLPLWaWLRQ aQd WR

XQdHUVWaQd ZKHWKHU WKH TCR VLJQaOLQJ aQd HIIHcWRU c\WRNLQH JHQH PRdXOHV ZH LdHQWLILHd ZHUH

XQLIRUPO\ RU KHWHURJHQHRXVO\ acWLYaWHd LQ GFPKL cHOOV, ZH SHUIRUPHd SaLUHd VLQJOH-cHOO RNA aQd

TCR VHTXHQcLQJ (VcRNA- aQd VcTCR-VHT) RQ GFPKL aQd GFPOR QawYH CD4 T cHOOV IURP SKGNXU

aQd WTNXU PLcH (Fig. 2.2A). IQ RXU VcRNA-VHT daWaVHW, ZH LdHQWLI\ HLJKW dLVWLQcW cOXVWHUV (Fig.

2.2B-C) ZKLcK UHcaSLWXOaWH aQd IXUWKHU UHILQH RXU bXON RNA-VHT JHQH VLJQaWXUHV (Fig. 2.1) aQd

dHPRQVWUaWH SURQRXQcHd KHWHURJHQHLW\ ZLWKLQ WKH GFPKL SRSXOaWLRQ (Fig. 2.2D). WKLOH GFPKL

CD4 T cHOOV IURP bRWK SKGNXU aQd WTNXU PLcH ZHUH SUHVHQW acURVV aOO HLJKW cOXVWHUV, WKHUH

ZaV cOHaU HQULcKPHQW LQ WKH T.N4Nr4a1 cOXVWHU cRPSaUHd WR GFPOR CD4 T cHOOV b\ a PHaQ RI >

4-IROd (Supplementar\ Fig. 2.2E-F). COXVWHU T.4NNr4a1 Kad WKH KLJKHVW H[SUHVVLRQ RI Nr4a1 aQd

eGfp (Fig. 2.2C, Supplementar\ Fig. 2.2F). GFPKL T cHOOV ZHUH aOVR HQULcKHd LQ WKH

T.N4Izumo1r_Id2 aQd, aObHLW WR a OHVVHU H[WHQW, WKH C\WRNkg7 cOXVWHUV (Fig. 2.2D, Supplementar\ Fig.

2.2D-F).

GLYHQ WKH VSHcLILcLW\ RI NR4A1 (NUR77) aV a UHSRUWHU RI TCR VLJQaOLQJ (24), WKH KLJK

H[SUHVVLRQ RI Nr4a1 LQ WKH T.N4Nr4a1 cOXVWHU VLJQLILHV WKaW WKHVH cHOOV PRVW UHcHQWO\ HQcRXQWHUHd

HQdRJHQRXV aQWLJHQ(V) (25, 26). IQdHHd, T.N4Nr4a1 cHOOV RYHUZKHOPLQJO\ XS-UHJXOaWH JHQHV

aVVRcLaWHd ZLWK TCR VLJQaO WUaQVdXcWLRQ (H.J., Nr4a1, Nr4a3, Egr1-3, Tnfrsf9, Tnfrsf4, Ifr4,

Cd69, Fig. 2.2E) ZKLcK PRVW cORVHO\ PLUURU TCR VLJQaOLQJ JHQHV IRXQd LQ PRdXOH 2 RI RXU bXON
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RNA-VHT aQaO\VLV (Supplementar\ Fig. 2.2G). IQ IacW, VHYHUaO RI WKH TCR UHVSRQVH JHQHV

KLJKO\ H[SUHVVHd LQ cOXVWHU T.N4Nr4a1 KaYH bHHQ LdHQWLILHd aV WaUJHWV RI WKH LAT-PLCJ-HDAC7

SaWKZa\ (H.J., Nr4a1, Egr1-3, Irf4) aQd cRUUHOaWH ZLWK VWUHQJWK RI WRQLc VLJQaOLQJ (25, 26). TKHVH

TCR VLJQaOLQJ VLJQaWXUHV aUH PRUH KLJKO\ H[SUHVVHd LQ SKGNXU GFPKL CD4 T cHOOV LQ WKH

T.N4Nr4a1 cOXVWHU cRPSaUHd WR WKRVH RI WT (Fig. 2.2F-G), aV RbVHUYHd LQ RXU bXON RNA-VHT

daWaVHW. TKLV VXJJHVWV WKH VLJQaOLQJ LPSaLUHd SKGNXU GFPKL cHOOV LQ cOXVWHU T.N4Nr4a1 KaYH,

QRQHWKHOHVV, UHVSRQdHd PRUH VWURQJO\ WR HQcRXQWHUHd aQWLJHQ WKaQ WTNXU GFPKL cHOOV.

AQWLJHQ-aFWLYaWHG T FHOOV USUHJXOaWH a TROHURJHQLF TUaQVFULSWLRQaO PURJUaP

WH QH[W LQYHVWLJaWHd addLWLRQaO T cHOO WUaQVcULSWRPLc VLJQaWXUHV WKaW cRXOd IXUWKHU LOOXPLQaWH KRZ

SKGNXU GFPKL CD4 T cHOOV LQ WKH VHWWLQJ RI cKURQLc aQWLJHQ HQcRXQWHU Pa\ bH PRUH abOH WR

HVcaSH WROHUaQcH aQd dLIIHUHQWLaWH LQWR SaWKRJHQLc HIIHcWRU cHOOV. TKHUHIRUH, ZH H[aPLQHd WKH

H[SUHVVLRQ RI caQdLdaWH JHQHV aVVRcLaWHd ZLWK WROHUaQcH SURJUaPV (27-32) ZLWKLQ cHOOV WKaW KaYH

PRVW UHcHQWO\ HQcRXQWHUHd aQWLJHQ. WH IRXQd GFPKL CD4 T cHOOV LQ cOXVWHU T.N4Nr4a1, aQd WR a

OHVVHU H[WHQW LQ WKH RYHUaOO daWaVHW, XSUHJXOaWHd JHQHV aVVRcLaWHd ZLWK WROHURJHQLc SURJUaPV LQ

bRWK WTNXU aQd SKGNXU GFPKL VXbJURXSV (LQcOXdLQJ Egr2, Izumo1r, Pdcd1lg2, Pdcd1, Lag3,

Tigit, Tox)  (Fig. 2.2H, Supplementar\ Fig. 2.2H). TKLV OLNHO\ UHIOHcWV WKH WULJJHULQJ RI a

QHJaWLYH UHJXOaWRU\ SURJUaP LQ QawYH CD4 T cHOOV LQ UHVSRQVH WR WRQLc TCR VLJQaOLQJ (10, 33, 34)

dULYHQ LQ SaUW b\ NR4A IaPLO\ PHPbHUV WKaW KaYH bHHQ VKRZQ WR SOa\ QHJaWLYH UHJXOaWRU\ UROHV

LQ SHULSKHUaO T cHOOV (22, 32, 35, 36).

HRZHYHU, VHYHUaO RI WKHVH TCR QHJaWLYH UHJXOaWRUV aUH OHVV HIILcLHQWO\ LQdXcHd LQ

SKGNXU GFPKL cHOOV cRPSaUHd WR WTNXU GFPKL cHOOV (H.J., Tigit, Izumo1r, Eomes, Tox, Tnfrsf9,

Tox2, Bach2) (Fig. 2.2H). TKHUHIRUH, LQ addLWLRQ WR a NQRZQ ORVV LQ cHQWUaO WROHUaQcH, SKG PLcH

OLNHO\ KaYH aQ LQdHSHQdHQW dHIHcW LQ PHcKaQLVPV PaLQWaLQLQJ SHULSKHUaO WROHUaQcH. TKLV dHIHcW LV
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OLNHO\ dHULYHd IURP WKHLU LPSaLUHd SUR[LPaO TCR VLJQaOLQJ caSacLW\ aQd Pa\ H[SOaLQ WKH UHdXcHd

IUHTXHQc\ RI aQHUJLc SHULSKHUaO CD4 T cHOOV ZH SUHYLRXVO\ RbVHUYHd LQ SKGNXU PLcH (10).

SKG¶V H\SHUUHVSRQVLYHQHVV WR IL-6 LV PUH-SURJUaPPHG TUaQVFULSWLRQaOO\

IL-6 SURdXcWLRQ LQ SKG PLcH LV LQdLVSHQVabOH IRU SKG aUWKULWLV dHYHORSPHQW (37, 38).

RHcRJQLWLRQ RI PaMRU KLVWRcRPSaWLbLOLW\ cRPSOH[/VHOI-SHSWLdH cRPSOH[HV, VWLPXOaWH

aQWLJHQ-SUHVHQWLQJ cHOOV (APCV) WR VHcUHWH IL-6 (38). WH SUHYLRXVO\ IRXQd WKaW SKGNXU GFPKL T

cHOOV ZHUH PRUH UHVSRQVLYH WR IL-6 aQd PRUH UHadLO\ SURdXcHd IL-17 LQ WKH PRVW aXWRUHacWLYH T

cHOOV, LQ SaUW dXH WR ORZHU OHYHOV RI SOCS3 (VXSSUHVVRU RI c\WRNLQH VLJQaOLQJ 3) ± a cULWLcaO

QHJaWLYH UHJXOaWRU RI IL-6 (10) (Supplementar\ Fig. 2.1A). IQ RXU cXUUHQW VWXd\, ZH IRXQd WKaW

JHQHV aVVRcLaWHd ZLWK IL-6 VLJQaOLQJ PacKLQHU\ aQd WKH TK17 SaWKZa\ ZHUH XQLTXHO\ HQULcKHd LQ

SKGNXU GFPKL T cHOOV (39) LQ WKH T.N4Nr4a1 cOXVWHU (Supplementar\ Fig. 2.2I).

SOCS3 LV dRZQUHJXOaWHd LQ QawYH CD4 T cHOOV LQ UHVSRQVH WR aQWLJHQ (40) aQd LQ SaWLHQWV

ZLWK RA (10, 41). IWV H[SUHVVLRQ KaV a VWURQJ LQYHUVH cRUUHOaWLRQ ZLWK PXULQH aUWKULWLV VHYHULW\

(42-44). TKHUHIRUH, ZH H[aPLQHd WKH H[SUHVVLRQ RI SOCS IaPLO\ PHPbHUV LQ RXU VLQJOH cHOO

daWaVHW. OI WKHVH IaPLO\ PHPbHUV, Socs3 ZaV VSHcLILcaOO\ dRZQUHJXOaWHd LQ SKGNXU GFPKL cHOOV

ZLWKLQ WKH T.N4Nr4a1 cOXVWHU (Supplementar\ Fig. 2.2I). MRUHRYHU, ZH IRXQd a VWULNLQJ LQYHUVH

cRUUHOaWLRQ bHWZHHQ WKH H[SUHVVLRQ RI Nr4a1 aQd Socs3 (Fig. 2.2I), cRUUHVSRQdLQJ WR a SXbOLVKHd

UHSRUW (40). TKH LQYHUVH cRUUHOaWLRQ bHWZHHQ Nr4a1 aQd Socs3 H[SUHVVLRQ LQ SKGNXU GFPKL T

cHOOV ZLWKLQ WKH T.N4Nr4a1 cOXVWHU SURYLdHV RUWKRJRQaO YaOLdaWLRQ RI RXU SUHYLRXV UHVXOWV. IW

KLJKOLJKWV WKH LQWHUdHSHQdHQcH bHWZHHQ VLJQaOLQJ YLa WKH TCR aQd KHLJKWHQHd VHQVLWLYLW\ WR

c\WRNLQHV VXcK aV IL-6 (10).
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T.N4NU4a1 CHOOV SHJUHJaWH LQWR TZR DLVWLQFW TCR SLJQaOLQJ MRGXOHV

TR H[SORUH KHWHURJHQHLW\ ZLWKLQ cOXVWHU T.N4Nr4a1, ZH SHUIRUPHd cR-H[SUHVVLRQ aQaO\VLV ZLWK WKH

KLJKO\ YaULabOH JHQHV (HVGV) aQd Nr4a1. WH LdHQWLILHd WKUHH dLVWLQcW PRdXOHV RI HVGV WKaW

SRVLWLYHO\ cRUUHOaWHd ZLWK Nr4a1 (Fig. 2.3A). GHQHV IURP WZR RI WKHVH PRdXOHV, Egr IaPLO\

PHPbHUV (LPPHdLaWH HaUO\ JHQH WUaQVcULSWLRQ IacWRUV) aQd Tnfrsf9 (4-1BB ± WKH TCR LQdXcLbOH

cR-VWLPXOaWRU\ UHcHSWRU), XQLTXHO\ LdHQWLILHd dLVWLQcW VXbVHWV RI cHOOV ZLWKLQ WKH T.N4Nr4a1 cOXVWHU

(Fig. 2.3B, Supplementar\ Fig. 2.3A). TKH Egr PRdXOH cRQWaLQHd addLWLRQaO LPPHdLaWH HaUO\

JHQHV RU PaUNHUV RI HaUO\ T cHOO acWLYaWLRQ (H.J., Egr1, Egr2, Cd69, Ier2, Egr3, Nfkbid, Junb,

Fos, Myc, Cd40lg), ZKHUHaV WKH Tnfrsf9 PRdXOH cRUUHOaWHd ZLWK PaUNHUV WKaW XSUHJXOaWH LQ

UHVSRQVH WR SURORQJHd TCR VLJQaOLQJ (H.J., Pou2f2, Myb, Tnfrsf4, Lag3) (Fig. 2.3C,

Supplementar\ Fig. 2.3B).

CHOOV WKaW H[SUHVVHd Egr2 Kad LQcUHaVHd H[SUHVVLRQ RI JHQHV HQULcKHd LQ SaWKZa\V

LQdXcHd HaUO\ aIWHU TCR VWLPXOaWLRQ (0.5K aQd 1K), ZKHUHaVTnfrsf9 H[SUHVVLQJ cHOOV Kad

LQcUHaVHd H[SUHVVLRQ RI JHQHV HQULcKHd LQ SaWKZa\V XSUHJXOaWHd aIWHU SURORQJHd TCR VWLPXOaWLRQ

(24K aQd 72K, Fig. 2.3D). OXU ILQdLQJV VXJJHVW WKH T.N4Nr4a1 cOXVWHU cRQWaLQV VXbcOXVWHUV dULYHQ

b\ WKHLU TCR VLJQaOLQJ NLQHWLcV (HaUO\ YV SURORQJHd VWLPXOaWLRQ). IQWHUHVWLQJO\, WKH WROHURJHQLc

JHQHV WKaW aUH LQHIILcLHQWO\ LQdXcHd LQ SKGNXU GFPKL T cHOOV ZLWKLQ WKH T.N4Nr4a1 cOXVWHU

cRPSaUHd WR WKRVH RI WT aUH aOVR ORZHU LQ WKH VXbVHW RI WKH Tnfrsf9 KLJK SKGNXU GFPKL T cHOOV,

ZKLcK VHHP WR KaYH XQdHUJRQH SURORQJHd VWLPXOaWLRQ, cRPSaUHd WR WKH cRUUHVSRQdLQJ WT VXbVHW

(Fig. 2.3E). TKLV IXUWKHU VXJJHVWHd a dHIHcW LQ WKH XSUHJXOaWLRQ RI WROHURJHQLc JHQH SURJUaPV LQ

SKGNXU GFPKL CD4 T cHOOV LQ UHVSRQVH WR SURORQJHd TCR VWLPXOaWLRQ UaWKHU WKaQ VLPSO\ a

cRPSRVLWLRQaO VKLIW RI SKGNXU GFPKL T cHOOV aZa\ IURP WKH SURORQJHd TCR VWLPXOaWLRQ VWaWH.
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TR H[aPLQH RWKHU cRYaULaWHV ZKLcK cRXOd OHad WR VHJUHJaWLRQ RI HaUO\ YHUVXV SURORQJHd

aQWLJHQ-acWLYaWHd T cHOOV, ZH SHUIRUPHd cHOO-c\cOH aQaO\VLV RQ RXU daWaVHW. TKRXJK cHOO-c\cOH

aSSHaUHd WR cRQWULbXWH VRPHZKaW WR WKH KHWHURJHQHLW\ aPRQJ WKH T.N4Nr4a1 cOXVWHU, aV Tnfrsf9

H[SUHVVLQJ cHOOV ZHUH PRUH OLNHO\ WR bH LQ S SKaVH (Supplementar\ Fig. 2.3C), LW dLd QRW IXOO\

accRXQW IRU WKH dLYLVLRQ bHWZHHQ Egr IaPLO\ PHPbHU aQd Tnfrsf9 H[SUHVVLRQ.

CHOO SWaWHV aQG TUaMHFWRULHV RI T.4NNU4a1 CHOOV KaYH a DLVWLQFW DLVWULEXWLRQ LQ SKGNXU GFPKL

SXEVHW

WH QH[W aVNHd LI WKH HaUO\ YHUVXV SURORQJHd TCR VLJQaOLQJ VWaWHV LQ WKH T.N4Nr4a1 cOXVWHU

UHSUHVHQWHd HQdSRLQWV RI a WUaMHcWRU\. WH dLVcRYHUHd a cRQWLQXXP RI cHOO VWaWHV LQ WKH T.N4Nr4a1

cOXVWHU XVLQJ OaWHQW WLPH baVHd RQ RNA YHORcLW\ (45) (Fig. 2.4A). TKH H[SUHVVLRQ RI WKH Egr

IaPLO\ SHaNV LQ HaUOLHU OaWHQW WLPH cHOOV, ZKLOH WKH H[SUHVVLRQ RI Tnfrsf9 aQd aVVRcLaWHd JHQHV

SHaN LQ OaWHU OaWHQW WLPH cHOOV (Fig. 2.4B-C).

WH VHSaUaWHd WKH cHOOV LQWR IRXU cHOO VWaWHV OabHOHd ³SWaJH 1´ WR ³SWaJH 4´ IURP HaUOLHU WR

OaWHU OaWHQW WLPH (Fig. 2.4D, Supplementar\ Fig. 2.3D-E). TKH RNA YHORcLW\ YHcWRU ILHOd

(Supplementar\ Fig. 2.3F) aQd WUaMHcWRU\ LQIHUHQcH aQaO\VLV (46) VXSSRUWHd a WUaMHcWRU\ IURP

SWaJH 1 WR SWaJH 4 (Fig. 2.4E). TKH H[SUHVVLRQ RI Egr2 aQd Nr4a1 SHaN ZLWKLQ cHOOV IURP SWaJH 1

ZKLOH WKH H[SUHVVLRQ RI Tnfrsf9 SHaNV ZLWKLQ cHOOV IURP SWaJH 4 (Fig. 2.4F), aQd WKH JHQHV

RYHUH[SUHVVHd LQ SWaJH 1 aQd SWaJH 4 cHOOV aUH HQULcKHd IRU HaUO\ RU SURORQJHd TCR VWLPXOaWLRQ

SaWKZa\V, UHVSHcWLYHO\ (Supplementar\ Fig. 2.3G). TKXV, WKHVH cHOO VWaWHV VHHP WR bH WKH

HQdSRLQWV RI a WUaMHcWRU\ RI cHOO VWaWHV IURP HaUO\ WR SURORQJHd TCR VWLPXOaWLRQ.

CHOOV IURP SKGNXU GFPKL aQd WTNXU GFPKL JURXSV Kad VLJQLILcaQWO\ dLIIHUHQW dLVWULbXWLRQV

acURVV OaWHQW WLPH ZLWK a KLJKHU dHQVLW\ aW HaUOLHU OaWHQW WLPH IRU WKH SKGNXU GFPKL cHOOV, ZKLcK

aOVR Kad aQ LQcUHaVHd RddV RI bHLQJ LQ SWaJH 1 YHUVXV SWaJH 4 cRPSaUHd WR WTNXU GFPKL cHOOV
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(OR = 1.25, S = 0.02). NR VLJQLILcaQW dLIIHUHQcH ZaV RbVHUYHd bHWZHHQ WKH GFPOR VXbJURXSV

(Fig. 2.4G-H).

WH K\SRWKHVL]Hd WKLV LPbaOaQcH Pa\ UHVXOW IURP VORZHU SURJUHVVLRQ RI SKG cHOOV

WKURXJK WKH VWaJHV RU KLJKHU LQSXW LQWR, dXH WR KLJKHU SUROLIHUaWLRQ, SWaJH 1 LQ WKH SKG SRRO. TKH

cHOOV IURP SKGNXU GFPKL aQd WTNXU GFPKL ZLWKLQ VWaJH 1 dLd QRW KaYH a VLJQLILcaQW dLIIHUHQcH

LQ WKHLU dLVWULbXWLRQ acURVV cHOO c\cOH (S = 0.24) VXJJHVWLQJ WKH SKGNXU GFPKL cHOOV LQ VWaJH 1 dR

QRW KaYH KLJKHU SUROLIHUaWLRQ. WKLOH WKLV UHVXOW IaYRUV RXU VORZHU SURJUHVVLRQ K\SRWKHVLV, WKH WZR

K\SRWKHVHV aUH QRW PXWXaOO\ H[cOXVLYH. SORZHU SURJUHVVLRQ RI WKH SKGNXU GFPKL cHOOV ZRXOd

VXJJHVW WKaW SKG CD4 T cHOOV KaYH a dHIHcW LQ SHULSKHUaO WROHUaQcH LQdXcWLRQ²a SURJUaP ZKLcK

LV XSUHJXOaWHd aV WKH cHOOV SURJUHVV WKURXJK WKH VWaJHV²aQd cRXOd H[SOaLQ WKH UHdXcHd IUHTXHQc\

RI aQHUJLc cHOOV RbVHUYHd LQ SKG PLcH (10).

NawYH SKGNXU GFPKL CD4 T CHOOV DHPRQVWUaWH a BLaVHG TCR BHWa VaULaEOH GHQH (TRBV)

RHSHUWRLUH

WH KaYH SUHYLRXVO\ VKRZQ WKaW WKH SKGNXU GFPKL cHOOV KaYH LQcUHaVHd VHOI-UHacWLYLW\ aQd abLOLW\

WR SUROLIHUaWH LQ UHVSRQVH WR aQ XQdHILQHd HQdRJHQRXV aQWLJHQ(V) (10). TKXV, ZH aVNHd KRZ WKHLU

TCR UHSHUWRLUH PLJKW cRQWULbXWH WR WKHLU acWLYaWLRQ LQ WKH SHULSKHU\. WH H[aPLQHd WKH TCR

UHSHUWRLUH XVLQJ VcTCR-VHT (Fig. 2.2A) aQd dHWHcWHd SaLUHd TCR Į (TRA) aQd TCR ȕ (TRB)

JHQHV LQ 86% RI cHOOV (Supplementar\ Fig. 2.4A). UVLQJ GLQL cRHIILcLHQW aQaO\VLV, ZH dLd QRW

ILQd ROLJRcORQaO H[SaQVLRQ LQ WKH QawYH T cHOOV LQ aQ\ RI WKH VaPSOHV, LQcOXdLQJ aOO WKH SKGNXU

VaPSOHV. IQVWHad, ZH IRXQd WKaW SKGNXU GFPKL cHOOV T cHOOV dHPRQVWUaWH a bLaVHd TCR YaULabOH

ȕ JHQH (TRBV) XVaJH, bXW QRW TCR YaULabOH Į JHQH (TRAV) XVaJH (Fig. 2.5A-C, Supplementar\

Fig. 2.4B). IQ SKGNXU GFPKL CD4 T cHOOV cRPSaUHd WR WKH SaLUHd SKGNXU GFPOR VaPSOHV, ZH

IRXQd VLJQLILcaQWO\ KLJKHU (FDR < 0.1) XVaJH RI TRBV26 (cRUUHVSRQdLQJ WR TCR YaULabOH bHWa 3,
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Vb3, SURWHLQ), TRBV12-1 (Vb5), TRBV15 (Vb12), TRBV16 (Vb11), TRBV3, aQd TRBV29 (Vb7).

EacK RI WKHVH TRBV JHQHV aOVR Kad a KLJKHU PHaQ IUHTXHQc\ LQ SKGNXU GFPKL cHOOV cRPSaUHd WR

WTNXU GFPKL cHOOV (Fig. 2.5A,C-D).

PRO\cORQaO Vb H[SaQVLRQ RccXUV LQ WKH SUHVHQcH RI VXSHUaQWLJHQ (SaJ) LQ bRWK KXPaQV

aQd PLcH (47, 48). TKH TRBV JHQHV HQULcKHd LQ SKGNXU GFPKL T cHOOV PaUN VbV WKaW UHcRJQL]H

HQdRJHQRXV UHWURYLUaO (ERV) SaJ IURP PRXVH PaPPaU\ WXPRU YLUXV (MMTV) (Fig. 2.5E)

(49-51). WH cRQILUPHd WKaW RXU SKG cRORQ\ KaUbRUV aOO WKUHH HQdRJHQRXV MMTV SURYLUXVHV

(Mtv-6, Mtv-8, Mtv-9) NQRZQ WR bH SUHVHQW LQ BALB/c PLcH (49, 50, 52, 53) (Supplementar\

Fig. 2.4C). E[RJHQRXV MMTV LQIHcWLRQ caQ VWLPXOaWH cHOO SUROLIHUaWLRQ aQd IacLOLWaWH LQIHcWLRQ

b\ LQcUHaVLQJ WKH QXPbHU RI cHOO WaUJHWV, bXW SaJ H[SUHVVLRQ IURP HQdRJHQRXV MWY OHadV WR

cORQaO T-cHOO dHOHWLRQ LQ WKH WK\PXV aQd UHVLVWaQcH WR LQIHcWLRQ RZLQJ WR WKH abVHQcH RI Vb WaUJHWV

(54). HRZHYHU, dXH WR LPSaLUPHQW LQ SKG TCR VLJQaOLQJ, WK\PLc cORQaO T-cHOO dHOHWLRQ LQ

UHVSRQVH WR HQdRJHQRXV MWY SaJ LV LQcRPSOHWH (12) aOORZLQJ IRU SaUWLaO HVcaSH RI WKHVH Vb

WaUJHWV LQWR WKH SHULSKHU\. IQ cRQWUaVW WR WKH TRBV JHQHV XQLTXHO\ HQULcKHd LQ SKGNXU GFPKL

cHOOV, TRBV JHQHV IRU VbV WKaW aUH QRW MMTV SaJ WaUJHWV LQ BALB/c (H.J., TRBV19/Vb6,

TRBV13-2/Vb8, TRBV31/Vb14) aUH QRW HQULcKHd LQ SKGNXU GFPKL T cHOOV (Fig. 2.5C,

Supplemental Fig. 2.4D). TKHVH UHVXOWV UHLQIRUcH QRW RQO\ WKaW QHJaWLYH VHOHcWLRQ LV dHIHcWLYH LQ

SKG PLcH, bXW aOVR WKaW HQcRXQWHU ZLWK HQdRJHQRXV MMTV SaJ LQ WKH SHULSKHU\ IXUWKHU bLaVHV

WKH TRBV UHSHUWRLUH LQ SKGNXU GFPKL CD4 T cHOOV VLQcH WKH SKGNXU GFPOR cHOOV dLd QRW VKRZ a

bLaV RI WKH MMTV SaJ UHacWLYH TRBV UHSHUWRLUH.

SKGNXU GFPKL cHOOV LQ WKH T.N4Nr4a1 cOXVWHU aOVR dHPRQVWUaWH HQULcKPHQW RI VHYHUaO RI WKH

MMTV SaJ Vb WaUJHWV (H.J., TRBV15 (Vb12), TRBV16 (Vb11) Supplementar\ Fig. 2.5A-D).

IQWHUHVWLQJO\, MMTV SaJ LQ WKH SHULSKHU\ IaLOV WR LQdXcH WKH SHULSKHUaO dHOHWLRQ RbVHUYHd ZLWK
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MMTV UHacWLYH cHOOV WKaW aUH QRW dHOHWHd LQ WKH WK\PXV (55). IQVWHad, WKH SHULSKHUaO HQcRXQWHU

ZLWK MMTV SaJ OLNHO\ dULYHV Nr4a1 H[SUHVVLRQ aQd WKH SaUadR[LcaOO\ acWLYaWHd WUaQVcULSWLRQaO

VWaWHV IRU WKH cHOOV ZLWK VbV WKaW UHcRJQL]H MMTV SaJ ZLWKLQ WKH T.N4Nr4a1 cOXVWHU

(Supplementar\ Fig. 2.5A-D).

SKGNXU GFPKL CD4 T CHOOV aUH EQULFKHG IRU VEV DULYHQ E\ MMTV SaJ(V)

TR YaOLdaWH RXU VcTCR-VHT UHVXOWV, ZH H[aPLQHd WKH dLVWULbXWLRQ RI TCR Vb SURWHLQ OHYHOV LQ

SKGNXU aQd WTNXU SHULSKHUaO CD4 T cHOOV SULRU WR aUWKULWLV LQLWLaWLRQ XVLQJ cRPPHUcLaOO\

aYaLOabOH aQWLbRdLHV aJaLQVW a VXbVHW RI caQdLdaWH VbV (JaWLQJ VWUaWHJ\ Supplementar\ Fig.

2.6A). WH IRXQd WKaW WKH Vb SURWHLQ abXQdaQcHV SaUaOOHOHd WKH WUaQVcULSW abXQdaQcHV RbVHUYHd LQ

RXU VcTCR-VHT daWaVHW. T cHOOV H[SUHVVLQJ Vb3, Vb5, Vb11 (cRUUHVSRQdLQJ WR TRBV26, -12, -16

UHVSHcWLYHO\) aUH VLJQLILcaQWO\ HQULcKHd LQ SKGNXU GFPKL SHULSKHUaO QawYH CD4 T cHOOV IURP

O\PSK QRdH (LN) (Fig. 2.5F-G) aQd VSOHHQ, ZKHUHaV VbV WKaW aUH QRW MMTV SaJ WaUJHWV (H.J.,

Vb6, Vb8, Vb14 cRUUHVSRQdLQJ WR TRBV19, -13, -31 UHVSHcWLYHO\) aUH QRW HQULcKHd LQ SKGNXU

GFPKL cHOOV (Supplementar\ Fig. 2.6B-C).

Vb HQULcKPHQW LQ SKGNXU GFPKL T cHOOV VXbVHW Pa\ bH dULYHQ b\ SaJ HQcRXQWHU LQ WKH

SHULSKHU\ aQd HYHQ WKH MRLQWV. IQdHHd, ZH IRXQd WKaW BALB/c VSHcLILc Mtv SURYLUXVHV aUH

dHWHcWabOH LQ SKG MRLQWV (Supplemental Fig. 2.7A). TKHUHIRUH, LW LV IHaVLbOH WKaW LQWUa-aUWLcXOaU

MMTV SaJ H[SUHVVLRQ cRXOd HQJaJH aQd HQULcK IRU SKG T cHOOV XQLTXHO\ H[SUHVVLQJ WKHVH

MMTV WaUJHW VbV (Vb3, Vb5, aQd Vb11) dXULQJ aUWKULWLV. TR LQYHVWLJaWH WKLV K\SRWKHVLV, ZH

LQdXcHd PRdHUaWH WR VHYHUH LQIOaPPaWRU\ aUWKULWLV LQ SKG PLcH (Supplementar\ Fig. 2.7B) aQd

H[aPLQHd Vb XVaJH LQ CD4 T cHOOV KaUYHVWHd IURP UHJLRQaO MRLQW dUaLQLQJ LN (dLN) aQd aUWKULWLc

MRLQWV. WH IRXQd aQ LQcUHaVHd IUHTXHQc\ RI MMTV SaJ WaUJHWV Vb3, Vb5, aQd Vb11 LQ WKH

aUWKULWLc MRLQWV cRPSaUHd WR WKH SHULSKHU\ (Fig. 2.6A-B), bXW QRW RI WKH VbV XQUHVSRQVLYH WR
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BALB/c MMTV SaJ (Supplementar\ Fig. 2.7C). TKH CD4 T cHOOV bHaULQJ VbV NQRZQ WR

UHVSRQd WR MMTV SaJ Kad VLJQLILcaQWO\ KLJKHU NUR77-HGFP PHaQ IOXRUHVcHQcH LQWHQVLW\

(MFI) cRPSaUHd WR CD4 T cHOOV ZLWK VbV WKaW dR QRW UHVSRQd WR MMTV SaJ (S = 0.002, Fig.

2.6C). FXUWKHUPRUH, ZH IRXQd a VLJQLILcaQWO\ KLJKHU IUHTXHQc\ RI Vb3, Vb5, aQd Vb11 LQ

SKGNXU GFPKL T cHOOV LQILOWUaWLQJ WKH aUWKULWLc MRLQWV cRPSaUHd WR GFPOR cHOOV LQ WKH MRLQW aQd WR

GFPKL cHOOV IURP WKH dLN (Fig. 2.6D-E, Supplemental Fig. 2.7D). TKLV IXUWKHU HQULcKPHQW

VXJJHVWV SKG CD4 T cHOOV ZLWK WKHVH SaUWLcXOaU VbV HQcRXQWHU LQWUa-aUWLcXOaU aQWLJHQ (10). TKLV

HQULcKPHQW LQ WKH MRLQW ZaV QRW RbVHUYHd LQ SKGNXU GFPKL T cHOOV H[SUHVVLQJ Vb6, Vb8, aQd

Vb14 (Supplementar\ Fig. 2.7C, E-F).

AQWLUHWURYLUaO WKHUaS\ aPHOLRUaWHV SKG aUWKULWLV: WH QH[W aVVHVVHd ZKHWKHU cDNA V\QWKHVLV RI

HQdRJHQRXV MMTV UHWURHOHPHQWV LPSacW SKG aUWKULWLV dHYHORSPHQW. MLcH ZHUH WUHaWHd ZLWK a

cRPbLQaWLRQ RI aQWLUHWURYLUaOV, HPWULcLWabLQH aQd WHQRIRYLU (TUXYada), ZKLcK aUH QXcOHRWLdH aQd

QXcOHRVLdH UHYHUVH WUaQVcULSWaVH LQKLbLWRUV, UHVSHcWLYHO\, RU YHKLcOH cRQWURO SULRU WR aQd dXULQJ

aUWKULWLV dHYHORSPHQW (Fig. 2.6F). MMTV UHYHUVH WUaQVcULSWaVH LV VHQVLWLYH WR WKHVH cRPPHUcLaOO\

aYaLOabOH cRPSRXQdV ZKLcK SUHPaWXUHO\ WHUPLQaWH QaVcHQW cDNA V\QWKHVLV dXULQJ UHYHUVH

WUaQVcULSWLRQ (17, 18) aQd Pa\ UHVXOW LQ dHcUHaVHd YLUaO SURWHLQ H[SUHVVLRQ. AQWLUHWURYLUaO

WUHaWPHQW VLJQLILcaQWO\ UHdXcHV aUWKULWLV VHYHULW\ (p = 0.0037) aQd dHOa\V dLVHaVH RQVHW (p =

0.0016) LQ SKG PLcH WUHaWHd ZLWK ]\PRVaQ (Fig. 2.6G-I). TKHVH daWa VXSSRUW WKH LdHa WKaW

MMTV SaJ H[SUHVVLRQ cRQWULbXWHV WR aUWKULWLV dLVHaVH acWLYLW\ LQ WKH SKG PRXVH PRdHO.

Discussion

IQ WKLV VWXd\, ZH dLUHcWO\ SURbHd WKH JHQH H[SUHVVLRQ aQd TCR UHSHUWRLUH LQ HQULcKHd QawYH

aUWKULWRJHQLc SKG CD4 T (L.H., SKGNXU GFPKL T cHOOV) cHOOV bHIRUH aUWKULWLV RQVHW. WH LdHQWLILHd

a VXbVHW RI WKHVH cHOOV (T.4NNr4a1) WKaW XSUHJXOaWH TCR VLJQaOLQJ JHQH SURJUaPV cRPSaUHd WR WT
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cHOOV dHVSLWH WKHLU K\SRPRUSKLc Zap70 aOOHOH aQd LPSaLUHd SUR[LPaO TCR VLJQaOLQJ. TKLV TCR

VLJQaOLQJ JHQH VLJQaWXUH LV OLNHO\ dULYHQ b\ cKURQLc HQdRJHQRXV aQWLJHQ HQcRXQWHU PaUNHd b\

XSUHJXOaWLRQ RI LAT-PLCJ-HDAC7 SaWKZa\ WaUJHWV (H.J., Nr4a1, Egr1-3, Irf4) (25, 26). HRZ

WKHVH SKG cHOOV WKHQ bUHaN WROHUaQcH aQd SURdXcH a IRcXVHd aXWRLPPXQH SKHQRW\SH KaV bHHQ a

ORQJ-VWaQdLQJ SX]]OH. RHVXOWV SUHVHQWHd LQ WKLV VWXd\ addUHVV WKLV IXQdaPHQWaO TXHVWLRQ.

OXU ILQdLQJV SURYLdH PXOWLSOH OLQHV RI HYLdHQcH WKaW aUWKULWRJHQLc SKG CD4 T cHOOV

KaUbRU a dHIHcW LQ SHULSKHUaO WROHUaQcH, LQdHSHQdHQW IURP WKHLU bUHaN LQ cHQWUaO WROHUaQcH.

IQdXcWLRQ RI QHJaWLYH UHJXOaWRUV b\ TCR acWLYaWLRQ ILQH-WXQHV aQd UHVWUaLQV T cHOO UHVSRQVHV LQ

QRUPaO T cHOOV, HQIRUcLQJ SHULSKHUaO WROHUaQcH, aQd OLPLWLQJ LPPXQRSaWKRORJ\ (56-59). HRZHYHU,

ZH IRXQd WKaW aUWKULWRJHQLc SKGNXU GFPKL CD4 T cHOOV WKaW KaYH VHYHUHO\ dHIHcWLYH TCR

VLJQaOLQJ, dHVSLWH HYLdHQcH RI cKURQLc HQdRJHQRXV aQWLJHQ HQcRXQWHU, LQHIILcLHQWO\ aQd/RU

LQcRPSOHWHO\ XSUHJXOaWH JHQHV ZLWKLQ WKH WROHURJHQLc SURJUaP LQ UHVSRQVH WR TCR VLJQaOLQJ

cRPSaUHd WR WT cHOOV (H.J., Eomes, Tnfrsf9, Izumo1r, Bach2, Tigit, Tox, Tox2). TKLV abHUUaQW

WUaQVcULSWLRQaO SURJUaP Pa\ SHUPLW WKHLU acWLYaWLRQ aQd dLIIHUHQWLaWLRQ LQWR SaWKRJHQLc HIIHcWRU

cHOOV.

SHcRQd, XVLQJ RNA YHORcLW\ aQaO\VLV WR cUHaWH a OaWHQW WLPH a[LV IRU cHOOV WKaW KaYH PRVW

UHcHQWO\ HQcRXQWHUHd aQWLJHQ (T.4NNr4a1), ZH IRXQd aUWKULWRJHQLc SKG CD4 T cHOOV aUH

RYHUUHSUHVHQWHd LQ cHOOV H[SUHVVLQJ HaUO\ TCR JHQH VLJQaWXUHV (SWaJH 1) aQd Pa\ QRW HIILcLHQWO\

WUaQVLWLRQ aORQJ WKH WUaMHcWRU\ RI cHOO VWaWHV WR H[SUHVV JHQHV aVVRcLaWHd ZLWK SURORQJHd, aQd

SHUKaSV PRUH URbXVW, TCR VLJQaOLQJ (SWaJH 4). CHOOV LQ WKH OaWWHU VWaJH aSSHaU WR PRUH HIILcLHQWO\

XSUHJXOaWH JHQHV aVVRcLaWHd ZLWK WROHURJHQLc SURJUaPV (H.J., Izumo1r, Bach2, Tigit, Tox, Tox2).

TKLUd, HQdRJHQRXV MMTV SaJ Vb WaUJHWV LQ SKG QRW RQO\ HVcaSH QHJaWLYH VHOHcWLRQ LQ

WKH WK\PXV (cHQWUaO WROHUaQcH), bXW aOVR aYRLd H[SHcWHd SHULSKHUaO dHOHWLRQ b\ HQdRJHQRXV
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MMTV SaJ H[SUHVVLRQ (55). PUHYLRXV H[aPLQaWLRQV RI WKH SHULSKHUaO TCR Vb UHSHUWRLUH LQ SKG

PLcH Kad QRW LdHQWLILHd ROLJRcORQaO H[SaQVLRQ RI a SaUWLcXOaU Vb bHIRUH RU aIWHU aUWKULWLV

dHYHORSPHQW (60). HHUH ZH dHVcULbH a SUHYLRXVO\ XQNQRZQ TCR Vb bLaV LQ WKH SHULSKHUaO QawYH

SKG UHSHUWRLUH. TKH VbV HQULcKHd LQ SKGNXU GFPKL T cHOOV VXJJHVW WKHLU UHSHUWRLUH LV IXUWKHU

LQIOXHQcHd LQ WKH SHULSKHU\ b\ SaJ HQcRXQWHU aQd aUH IXUWKHU H[SaQdHd LQ aUWKULWLc SKG MRLQWV.

TKH SaJ WaUJHW VbV WKaW LQILOWUaWH aUWKULWLc MRLQWV VLJQLILcaQWO\ XSUHJXOaWH NXU77-HGFP cRPSaUHd

WR CD4 T cHOOV bHaULQJ VbV WKaW dR QRW UHcRJQL]H MMTV SaJ. TKH H[SaQVLRQ RI SaJ WaUJHW VbV

LQ WKH SKG aUWKULWLc MRLQW aQd WKHLU XSUHJXOaWLRQ RI NXU77-HGFP aUH bRWK OLNHO\ dULYHQ b\

LQWUa-aUWLcXOaU MMTV SaJ HQcRXQWHU. TKLV bHJV WKH TXHVWLRQ ZKHWKHU MMTV SaJ cRQWULbXWHV WR

aUWKULWLV dHYHORSPHQW LQ SKG PLcH. WH IRXQd WKaW LQKLbLWLRQ RI ERV UHYHUVH WUaQVcULSWaVH (ZLWK

TUXYada) LQ aUWKULWLc SKG PLcH VLJQLILcaQWO\ aPHOLRUaWHV aQd dHOa\V RQVHW RI SKG aUWKULWLV.

TRJHWKHU RXU daWa VXJJHVWV a SUHYLRXVO\ XQUHcRJQL]Hd UROH IRU HQdRJHQRXV SaJ LQ SKG aUWKULWLV

dHYHORSPHQW.

WH SURSRVH a PRdHO dUaZQ IURP WKHVH aQd SUHYLRXV UHVXOWV (9, 10, 12, 60) LQ ZKLcK

LQHIILcLHQW QHJaWLYH VHOHcWLRQ UHVXOWV LQ WKH HVcaSH RI a SRUWLRQ RI WKH VHOI-UHacWLYH bLaVHd

UHSHUWRLUH (PaUNHd b\ VbV UHVSRQVLYH WR MMTV SaJV) WKaW LV IXUWKHU HQULcKHd LQ WKH SHULSKHU\

WKURXJK cKURQLc (VXSHU)aQWLJHQ HQcRXQWHU. AOWKRXJK QawYH SKG CD4 T cHOOV caQ XSUHJXOaWH

QHJaWLYH UHJXOaWRUV RI TCR VLJQaOLQJ LQ UHVSRQVH WR HQdRJHQRXV aQWLJHQ HQcRXQWHU, dXH WR ZHaN

SUR[LPaO TCR VLJQaOLQJ WKH\ aUH XQabOH WR HIILcLHQWO\ aQd IXOO\ XSUHJXOaWH WKHVH SURJUaPV

UHVXOWLQJ LQ aQ LQdHSHQdHQW dHIHcW LQ SHULSKHUaO WROHUaQcH aQd UHdXcHd QXPbHUV RI aQHUJLc cHOOV

(10). FXUWKHUPRUH, TUHJ SHULSKHUaO WROHUaQcH PHcKaQLVPV aUH aOVR VHYHUHO\ LPSaLUHd dXH WR WKHLU

aWWHQXaWHd TCR VLJQaOLQJ aQd WKHLU aOWHUHd TUHJ UHSHUWRLUH (11), UHOHaVLQJ aQRWKHU cKHcNSRLQW RQ

aUWKULWRJHQLc T cHOOV. WH SURSRVH WKaW cRVWLPXOaWRU\ PROHcXOHV VXcK aV IL-6, aQd SHUKaSV RWKHU
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c\WRNLQHV, SURPRWH T cHOO VXUYLYaO aQd ORZHU WKH TCR VLJQaOLQJ WKUHVKROd UHTXLUHd IRU SHULSKHUaO

acWLYaWLRQ aQd dLIIHUHQWLaWLRQ, WKHUHb\ aOORZLQJ WKH acWLYaWLRQ RI QawYH SKG T cHOOV WKaW IaLOHd WR

XSUHJXOaWH TCR VLJQaOLQJ-LQdXcHd WROHURJHQLc SURJUaPV (61-63). TKHUHIRUH, WKH bLaVHd

VHOI-UHacWLYH TCR Vb UHSHUWRLUH XQLTXH WR SKGNXU GFPKL CD4 T cHOOV, WRJHWKHU ZLWK WKHLU

acWLYaWHd WUaQVcULSWLRQaO VWaWH, aOORZ IRU aQ LQQaWH LPPXQH VWLPXOXV WR WULJJHU WKHVH cHOOV WR

bHcRPH SRWHQWLaO LQLWLaWRUV, RU aPSOLILHUV, RI dLVHaVH. FXWXUH VWXdLHV ZLOO dHWHUPLQH ZKHWKHU WKHVH

VbV aUH VXIILcLHQW, aQd/RU QHcHVVaU\, WR LQLWLaWH RU H[acHUbaWH SKG aUWKULWLV aQd WKH H[WHQW RI WKH

UROH RI HQdRJHQRXV MMTV SaJV LQ SKG aUWKULWLV dHYHORSPHQW. TKHVH ILQdLQJV KaYH UHOHYaQW

LPSOLcaWLRQV LQ KXPaQ aXWRLPPXQH dLVHaVH, ZKHUH HQdRJHQRXV RU IRUHLJQ aQWLJHQV caQ aOVR

SULPH µdRUPaQW¶ aXWRUHacWLYH T cHOOV aQd WULJJHU dLVHaVH, aQd Pa\ SURYLdH QHZ LQVLJKWV LQ KXPaQ

RA (64-66), aQd RWKHU aXWRLPPXQH aUWKULWLdHV (67-69), ZKHUH T cHOOV bHaULQJ SaUWLcXOaU VbV KaYH

bHHQ UHSRUWHd WR bH H[SaQdHd aQd UHWaLQHd LQ WKH V\QRYLaO PLcURHQYLURQPHQW.
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Figure 2.1 Pre-arthritic nawve SKG T cells demonstrate enhanced T cell activation
(A) E[SHULPHQWaO VcKHPH RI bXON RNA-VHT aQaO\VLV. (B) PULQcLSaO cRPSRQHQW aQaO\VLV (PCA)
baVHd RQ WUaQVcULSWRPLc daWa IURP bXON RNA-VHT daWa VKRZV dLVWULbXWLRQ RI SKGNXU aQd
WTNXU GFPOR aQd GFPKL CD4 QawYH T cHOO VXbVHWV aV VKRZQ LQ (A) (n=3 SHU VXbJURXS). (C)
HHaWPaS VKRZLQJ H[SUHVVLRQ RI 991 VLJQLILcaQWO\ dLIIHUHQWLaOO\ H[SUHVVHd JHQHV (DEGV, abVROXWH
YaOXH(ORJ2(IROd-cKaQJH)) > 1, adMXVWHd P value < 0.05) IURP SaLUZLVH cRPSaULVRQV IRU aOO
VaPSOHV JURXSHd b\ VXbJURXS. HLHUaUcKLcaO cOXVWHULQJ ZaV XVHd WR JURXS DEGV LQWR 6 PRdXOHV
(LQdLcaWHd b\ dHQdURJUaP aQd URZ aQQRWaWLRQ cRORU baU RQ OHIW). (D) DRW SORW RI VHOHcW SaWKZa\V
IURP JHQH RQWRORJ\ aQaO\VLV IRU HacK JHQH PRdXOH IURP (C) ZLWK dRW cRORU LQdLcaWLQJ adMXVWHd P
YaOXH aQd dRW VL]H SURSRUWLRQaO WR QXPbHU RI JHQHV LQ RYHUOaS bHWZHHQ SaWKZa\ JHQHV aQd
PRdXOH JHQHV. (E) EQULcKPHQW SORWV RI TCR VLJQaOLQJ aQd c\WRNLQH SaWKZa\V IURP GSEA
aQaO\VLV RI aOO GO:BP SaWKZa\V IRU UaQNHd JHQHV IURP SKGNXU GFPKL aQd WTNXU GFPKL

dLIIHUHQWLaO H[SUHVVLRQ aQaO\VLV. FDR, IaOVH dLVcRYHU\ UaWH. NES, QRUPaOL]Hd HQULcKPHQW VcRUH.
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Figure 2.2 Single-cell RNA sequencing unveils heterogeneit\ among nawve CD4 T cells with
a subset marked b\ genes associated with TCR signaling
(A) E[SHULPHQWaO VcKHPH RI SaLUHd VcRNA- aQd TCR-VHT RI VRUWHd GFPKL aQd GFPOR QawYH
(CD62LKLCD44ORCD25-) CD4 T cHOOV.  (B) UQLIRUP PaQLIROd aSSUR[LPaWLRQ aQd SURMHcWLRQ
(UMAP) RI 99,074 QawYH T cHOOV dHULYHd IURP 8 VaPSOHV (2 UHSOLcaWHV HacK IRU GFPOR aQd GFPKL

VXbVHWV IURP WTNXU aQd SKGNXU). CHOOV aUH cRORUHd aQd aQQRWaWHd b\ PHUJHd OHLdHQ cOXVWHUV
aVVLJQPHQW. (C) SWacNHd YLROLQ SORW ZLWK a NHUQHO baQdZLdWK RI 0.5 RI ORJ QRUPaOL]Hd H[SUHVVLRQ
RI PaUNHU JHQHV IRU HacK aQQRWaWHd cOXVWHU. VHUWLcaO a[LV VcaOH LV IURP 0 WR 5 IRU HacK cOXVWHU.
BOacN bR[ KLJKOLJKWV T.4NNr4a1 cOXVWHU aQd UHd bR[ KLJKOLJKWV JHQHV XQLTXHO\ H[SUHVVHd LQ
T.4NNr4a1 cOXVWHU.  (D) UMAP RI cHOOV VHSaUaWHd b\ VXbJURXS (GFPOR aQd GFPKL VXbJURXSV IURP
WTNXU aQd SKGNXU). (E) VROcaQR SORW RI DEGV IURP cHOOV LQ T.4NNr4a1 cOXVWHU YHUVXV RWKHU
cHOOV. DRWV aUH cRORUHd b\ VLJQLILcaQW RYHUH[SUHVVLRQ (abVROXWH YaOXH(ORJ2(IROd-cKaQJH)) > 1,
adMXVWHd P YaOXH < 0.05) LQ T.4NNr4a1 cOXVWHU (UHd), RWKHU cHOOV (daUN JUa\), RU QR VLJQLILcaQW
dLIIHUHQcH (OLJKW JUa\).  LabHOHd JHQHV aUH cRORUHd b\ WKHLU UROH LQ UHJXOaWLRQ RI TCR VLJQaOLQJ
HLWKHU SRVLWLYH (UHd) RU QHJaWLYH (bOXH).  (F) VROcaQR SORW RI DEGV IURP SKGNXU GFPKL YHUVXV
WTNXU GFPKL LQ T.4NNr4a1 cOXVWHU. DRWV aUH cRORUHd aV VLJQLILcaQWO\ RYHUH[SUHVVHd (abVROXWH
YaOXH(ORJ2(IROd-cKaQJH)) > 0.2, adMXVWHd P YaOXH < 0.05) LQ WTNXU GFPKL (RUaQJH), SKGNXU
GFPKL (bOXH), RU QRW VLJQLILcaQWO\ dLIIHUHQW bHWZHHQ JURXSV (JUa\). LabHOHd JHQHV LQYROYHd LQ
TCR VLJQaOLQJ aUH cRORUHd aV LQdLcaWHd LQ (E). HHaWPaS VKRZV aYHUaJH H[SUHVVLRQ RI WKH OabHOHd
JHQHV b\ VXbJURXS QRUPaOL]Hd b\ VWaQdaUd VcaOH (VXbWUacW PLQLPXP aQd dLYLdH b\ Pa[LPXP)
IRU HacK JHQH. (G) EQULcKPHQW SORWV RI TCR acWLYaWLRQ aQd VLJQaOLQJ SaWKZa\V IURP GSEA
aQaO\VLV RI aOO GO:BP SaWKZa\V IRU UaQNHd JHQHV IURP dLIIHUHQWLaO JHQH H[SUHVVLRQ aQaO\VLV RI
SKGNXU GFPKL YHUVXV WTNXU GFPKL cHOOV IURP T.4NNr4a1 cOXVWHU. FDR, IaOVH dLVcRYHU\ UaWH.
NES, QRUPaOL]Hd HQULcKPHQW VcRUH. (H) SWacNHd YLROLQ SORW RI H[SUHVVLRQ RI caQdLdaWH aQHUJ\
aQd H[KaXVWLRQ aVVRcLaWHd JHQHV LQ WTNXU aQd SKGNXU GFPOR aQd GFPKL CD4 QawYH cHOOV IURP
T.4NNr4a1 cOXVWHU QRUPaOL]Hd b\ VWaQdaUd VcaOH IRU HacK JHQH. CRORU baU LQdLcaWHV aQQRWaWLRQ
[aQHUJ\ (bOXH), aQHUJ\/H[KaXVWLRQ (SXUSOH), H[KaXVWLRQ (UHd)] IRU HacK JHQH. HHaWPaS VKRZV
aYHUaJH H[SUHVVLRQ RI WKH VaPH JHQHV b\ VXbJURXS aOVR QRUPaOL]Hd b\ VWaQdaUd VcaOH IRU HacK
JHQH. (I) UMAP RI aOO cHOOV cRORUHd b\ H[SUHVVLRQ RI WKH LQdLcaWHd JHQHV. ScaOH LV IRU WKH
ORJ-QRUPaOL]Hd JHQH H[SUHVVLRQ.
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Figure 2.3 T.N4NU4a1 cells segregate into two distinct TCR signaling modules that segregate
acute from chronic antigen-activated T cells
(A) CRUUHOaWLRQ PaWUL[ VKRZV KLHUaUcKLcaO cOXVWHULQJ RI SSHaUPaQ¶V cRUUHOaWLRQ RI WRS 25 KLJKO\
YaULabOH JHQHV (HVG) WKaW SRVLWLYHO\ aQd QHJaWLYHO\ cRUUHOaWH ZLWK Nr4a1 H[SUHVVLRQ acURVV aOO
cHOOV. DLaJRQaO JUa\ bR[HV UHSUHVHQW cRUUHOaWLRQ RI 1. DaUN JUa\ bR[HV PaUN dLVWLQcW JHQH
PRdXOHV IURP JHQHV WKaW SRVLWLYHO\ cRUUHOaWH ZLWK Nr4a1 H[SUHVVLRQ.  (B) UMAP SORWV VKRZ WKH
H[SUHVVLRQ OHYHOV RI LQdLcaWHd PaUNHU JHQHV SRVLWLYHO\ cRUUHOaWLQJ ZLWK Nr4a1 aV LdHQWLILHd LQ
(A). ScaOH UHSUHVHQWV WKH ORJ-WUaQVIRUPHd QRUPaOL]Hd cRXQWV RI JHQHV.  (C) VROcaQR SORW VKRZV
DEGV IRU cHOOV LQ T.4NNr4a1 cOXVWHU WKaW H[SUHVVHd (ORJ QRUPaOL]Hd H[SUHVVLRQ > 1) Egr2 RU
Tnfrsf9 ZLWK dRWV cRORUHd b\ VLJQLILcaQW RYHUH[SUHVVLRQ (abVROXWH YaOXH(ORJ2(IROd-cKaQJH)) > 0.5,
adMXVWHd P YaOXH < 0.05) LQ Egr2 (WaQ) RU Tnfrsf9 (WHaO) H[SUHVVLQJ cHOOV. (D) EQULcKPHQW SORWV
IURP GSEA aQaO\VLV RI VWXd\ GSE17974 SaWKZa\V RI WLPH cRXUVH in vitro acWLYaWLRQ RI CD4+ T
cHOOV ZLWK aCD3 + CD28 IRU UaQNHd JHQHV IURP dLIIHUHQWLaO JHQH H[SUHVVLRQ aQaO\VLV RI cHOOV LQ
T.4NNr4a1 cOXVWHU WKaW H[SUHVV Egr2 YHUVXV Tnfrsf9. FDR, IaOVH dLVcRYHU\ UaWH. NES, QRUPaOL]Hd
HQULcKPHQW VcRUH. (E) HHaWPaS RI aYHUaJH H[SUHVVLRQ RI H[KaXVWLRQ aQd aQHUJ\ JHQHV IURP
WTNXU aQd SKGNXU GFPKL cHOOV H[SUHVVLQJ Egr2 RU TQIUVI9 LQ T.4NNr4a1 cOXVWHU QRUPaOL]Hd b\
VWaQdaUd VcaOH IRU HacK JHQH. CRORU baU LQdLcaWHV aQQRWaWLRQ [aQHUJ\ (bOXH), aQHUJ\/H[KaXVWLRQ
(SXUSOH), H[KaXVWLRQ (UHd)] IRU HacK JHQH.
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Figure 2.4 Trajector\ anal\sis of T.4NNr4a1 cells orthogonall\ uncovers acute versus chronic
antigen-activated T cell states with a distinct distribution in the SKGNur GFPhi subset
(A) UMAP RI cHOOV IURP T.4NNr4a1 cOXVWHU cRORUHd b\ OaWHQW WLPH aVVLJQHd b\ WKH VcYHOR
d\QaPLcaO PRdHOLQJ aOJRULWKP. (B-C) SPRRWKHd JHQH H[SUHVVLRQ IURP cHOOV LQ T.4NNU4a1 cOXVWHU
RI VHOHcWHd JHQHV ZLWK KLJKHVW H[SUHVVLRQ HaUOLHU (B) RU OaWHU (C) aORQJ OaWHQW WLPH a[LV. (D)
PURbabLOLW\ dHQVLWLHV RI OaWHQW WLPH dLVWULbXWLRQ RI cHOOV IURP T.4NNr4a1 cOXVWHU aVVLJQHd WR 4
dLVWLQcW cOXVWHUV (OabHOHd ³SWaJH 1´ ± ³SWaJH 4´) b\ a GaXVVLaQ PL[WXUH PRdHO. (E) PUHdLcWHd
WUaQVLWLRQV IURP PAGA aOJRULWKP bHWZHHQ cHOOV IURP VWaJHV LQdLcaWHd LQ (D). (F) HHaWPaS RI
VLQJOH cHOO VWaQdaUd VcaOH QRUPaOL]Hd H[SUHVVLRQ RI JHQHV RUdHUHd WRS WR bRWWRP b\ SHaN
H[SUHVVLRQ aW HaUOLHU WR OaWHU OaWHQW WLPH. CKRVHQ JHQHV aUH WKH WRS 300 KLJKHVW cRQILdHQcH JHQHV
XVHd LQ PRdHOLQJ RI OaWHQW WLPH. CROXPQ aQQRWaWLRQ baU LQdLcaWHV VWaJH aVVLJQPHQW RI WKH cHOO LQ
HacK cROXPQ. (G-H) PURbabLOLW\ dHQVLWLHV RI OaWHQW WLPH dLVWULbXWLRQ IRU GFPKL (G) aQd GFPOR (H)
cHOOV IURP WTNXU aQd SKGNXU PLcH (P = 0.002 aQd P = 0.11, UHVSHcWLYHO\,
KROPRJRURY-SPLUQRY WHVW).

31



32



Figure 2.5 SKG CD4 T cells harbor a biased TCR variable beta gene repertoire
(A-B) ScaWWHU SORW RI PHaQ IUHTXHQc\ RI cHOOV H[SUHVVLQJ HacK TRBV (A) RU TRAV (B) JHQH IRU
WKH SKGNXU GFPKL VaPSOHV YHUVXV WKH WTNXU GFPKL VaPSOHV. DRWV IRU HacK TRBV aQd TRAV
JHQHV aUH VL]Hd accRUdLQJ WR WKH FDR IURP a RQH-VLdHd SaLUHd W-WHVW cRPSaULQJ IUHTXHQc\ LQ
SKGNXU GFPKL YHUVXV SKGNXU GFPOR. DRWV aUH cRORUHd aV HLWKHU VLJQLILcaQWO\ HQULcKHd (FDR <
0.1) LQ SKGNXU GFPKL (daUN bOXH), VLJQLILcaQWO\ HQULcKHd LQ SKGNXU GFPOR (OLJKW bOXH), RU QRW
VLJQLILcaQWO\ HQULcKHd LQ HLWKHU VXbJURXS (bOacN). DRWV IRU VLJQLILcaQW TRBV JHQHV aUH OabHOHd
ZLWK WKH TRBV JHQH QaPH. LabHOV IRU TRBV JHQHV WKaW ZHUH VLJQLILcaQWO\ HQULcKHd LQ SKGNXU
GFPKL aQd ZHUH aOVR PRUH KLJKO\ H[SUHVVHd LQ SKGNXU GFPKL VaPSOHV YHUVXV WTNXU GFPKL

VaPSOHV aUH bROdHd. (C) BaU SORW RI PHaQ YaOXH RI cHOOV H[SUHVVLQJ HacK TRBV JHQH aV a
SHUcHQWaJH RI aOO cHOOV LQ HacK VaPSOH ZLWK aQ aVVLJQHd TRBV. BaUV aUH cRORUHd accRUdLQJ WR
VXbJURXS aQd RUdHUHd ZLWK WKH TRBV JHQHV HQULcKHd LQ SKGNXU GFPKL IURP (A) IROORZHd b\
WKH RWKHU TRBV JHQHV RUdHUHd b\ LQcUHaVLQJ RYHUaOO IUHTXHQc\. (D) BaU SORWV RI IUHTXHQc\ RI
cHOOV H[SUHVVLQJ WKH LQdLcaWHd TRBV JHQHV VLJQLILcaQWO\ HQULcKHd LQ SKGNXU GFPKL IRU WKH WZR
UHSOLcaWH PLcH LQ HacK VXbJURXS. (E) TabOH dHSLcWLQJ H-2 KaSORW\SH, H[SHcWHd MWY SUR-YLUXV, LWV
Vb VSHcLILcLW\ aQd baVH SaLU (bS) VL]H RQ JHO IRU BaOb/c aQd C57BL/6 PLcH. (F-G) RHSUHVHQWaWLYH
FACS SORWV (F) RI QawYH SHULSKHUaO CD4 T cHOOV ZLWK LQdLcaWHd TCR Vb SURWHLQ XVaJH
dHWHUPLQHd b\ IORZ c\WRPHWU\ LQ GFPOR aQd GFPKL T cHOOV IURP LN RI WTNXU aQd SKGNXU PLcH
SULRU WR aUWKULWLV LQdXcWLRQ aQd TXaQWLILHd LQ (G) ZKHUH baU JUaSKV dHSLcW PHaQ IUHTXHQc\ (�
SEM), Q = 3-4 PLcH SHU JURXS, H[SHULPHQW UHSHaWHd aW OHaVW 3 WLPHV. SLJQLILcaQcH LQdLcaWHd b\
aVWHULVN IRU FDR (SaLUHd W-WHVW) RU P YaOXH (H[acW SHUPXWaWLRQ WHVW) < 0.05 (*), < 0.1 (**).
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Figure 2.6 Arthritogenic CD4 T cells are enriched for TCR Vbs likel\ driven b\
endogenous superantigen(s)
(A-B) RHSUHVHQWaWLYH FACS SORWV (A) RI SHULSKHUaO QawYH RU PHPRU\, RU MRLQW CD4 T cHOOV ZLWK
LQdLcaWHd TCR Vb SURWHLQ XVaJH dHWHUPLQHd b\ IORZ c\WRPHWU\ LQ CD4 T cHOOV IURP dUaLQLQJ LN
RU MRLQWV RI SKGNXU PLcH 2.5 ZHHNV aIWHU aUWKULWLV LQdXcWLRQ ZLWK ]\PRVaQ (aV VHHQ LQ
Supplementar\ Fig. 2.7B) aQd TXaQWLILHd LQ (B) ZKHUH baU JUaSKV dHSLcW PHaQ IUHTXHQc\ (�
SEM). (C) BaU JUaSKV RI GFP PHaQ IOXRUHVcHQcH LQWHQVLW\ (MFI) RI CD4 T cHOOV bHaULQJ
LQdLcaWHd VbV IURP aUWKULWLc MRLQWV RI SKG PLcH, Q = 7 PLcH SRROHd IURP 2 H[SHULPHQWV. (D-E)
RHSUHVHQWaWLYH FACS SORWV (D) RI SHULSKHUaO QawYH RU PHPRU\, RU MRLQW CD4 T cHOOV ZLWK
LQdLcaWHd TCR Vb SURWHLQ XVaJH dHWHUPLQHd b\ IORZ c\WRPHWU\ LQ GFPOR (OLJKW bOXH) aQd GFPKL

(daUN bOXH) T cHOOV IURP LN RU MRLQWV RI SKGNXU PLcH 2.5 ZHHNV aIWHU aUWKULWLV LQdXcWLRQ ZLWK
]\PRVaQ aQd TXaQWLILHd LQ (E) ZKHUH baU JUaSKV dHSLcW PHaQ IUHTXHQc\ (� SEM), Q = 7 PLcH SHU
JURXS SRROHd IURP 2 H[SHULPHQWV. (F) E[SHULPHQWaO VHW-XS: SKG PLcH ZHUH WUHaWHd ZLWK TUXYada
(Q = 12) RU YHKLcOH cRQWURO (Q = 8) aW da\ -16 SULRU WR aUWKULWLV LQdXcWLRQ ZLWK L.S. ]\PRVaQ RQ da\
0. (G) AUWKULWLV VcRUH LQ SKG PLcH IURP H[SHULPHQWaO VHW-XS LQ (F). (H) BaU JUaSK dHSLcWLQJ aUHa
XQdHU WKH cXUYH (AUC) RI aUWKULWLV VcRUHV IURP (G). (I) AUWKULWLV IUHH VXUYLYaO SORWWHd aV KaSOaQ
MHLHU CXUYH IURP H[SHULPHQWaO VHW-XS LQ (F). SLJQLILcaQcH LQdLcaWHd b\ aVWHULVN [< 0.05 (*), <
0.1 (**), RU < 0.001 (***)] IRU FDR (SaLUHd W-WHVW) RU P YaOXH IURP H[acW SHUPXWaWLRQ WHVW (B aQd
E), OLQHaU PL[Hd HIIHcW PRdHO (C), XQSaLUHd W-WHVW ZLWK WHOcK¶V cRUUHcWLRQ (H), RU ORJ-UaQN
MaQWHO-CR[ WHVW (I).
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Supplementar\ Figure 2.1 SKGNur GFPhi CD4 T cells readil\ differentiate into pathogenic
effector cells
(A) 2 [ 2 PaWUL[ dHPRQVWUaWHV KRZ LPSaLUHd TCR VLJQaOLQJ RbVHUYHd LQ SKG PLcH (OHIW \-a[LV,
dXH WR WKH K\SRPRUSKLc ZaS70 aOOHOH), LQ addLWLRQ WR cKURQLc aQWLJHQ VWLPXOaWLRQ ([-a[LV,
UHVXOWLQJ LQ KLJKHU OHYHOV RI NXU77HGFP dHPaUcaWHd b\ GFPKL) cRQIHU KHLJKWHQHd VHQVLWLYLW\ WR
IL-6 c\WRNLQH VLJQaOLQJ, LQ SaUW dXH WR dHcUHaVHd OHYHOV RI SOCS3. TKLV cRQWULbXWHV WR WKH
LQcUHaVHd aUWKULWRJHQLcLW\ RbVHUYHd LQ WKH aXWRUHacWLYH T cHOO cORQHV WKaW PRUH UHadLO\
dLIIHUHQWLaWH LQWR IL-17 SURdXcLQJ CD4 T cHOOV LQ SKG PLcH. (B) GaWLQJ IRU bXON RNAVHT
VRUWLQJ RI WTNXU aQd SKGNXU O\PSKRc\WHV. (C) BaU SORW RI QXPbHU RI DEGV IURP WTNXU
GFPKL aQd SKGNXU GFPKL cHOOV cRQWaLQHd LQ HacK JHQH PRdXOH IURP Fig. 2.1C. (D) VROcaQR SORW
RI DEGV IRU SKGNXU GFPKL YHUVXV WTNXU GFPKL. DEGV aUH cRORUHd b\ PRdXOH PHPbHUVKLS
IURP JHQH PRdXOHV LQ Fig. 2.1C.
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Supplementar\ Figure 2.2 NUR77/NU4a1 identifies nawve CD4 T cells that have recentl\
encountered endogenous antigen resulting in a unique transcriptional program
(A-C) CD4 T cHOOV ZHUH VWLPXOaWHd � SOaWH bRXQd aCD3H + CD28 aW LQdLcaWHd WLPHV. LHYHOV RI
NUR77 aQd HGFP aUH dHSLcWHd LQ UHSUHVHQWaWLYH KLVWRJUaP IURP 2 H[SHULPHQWV (A) aQd MFI IROd
cKaQJH (FC) TXaQWLILHd LQ (B) IURP 3 bLRORJLcaO UHSOLcaWHV. (C) RHaO-WLPH RT-PCR PHaVXULQJ
Nr4a1 aQd eGfp PRNA OHYHOV LQ VWLPXOaWHd CD4 T cHOOV IURP 3 bLRORJLcaO UHSOLcaWHV, IURP 2
LQdHSHQdHQW H[SHULPHQWV. (D) UMAP cRORUHd b\ dHQVLW\ RI cHOOV IRU HacK RI WKH IRXU VXbJURXSV
(HacK VXbJURXS cRQWaLQV VaPSOHV IURP 2 PLcH). (E) BaU SORW RI PHaQ IUHTXHQc\ IRU HacK
VXbJURXS RI cHOOV ZLWKLQ HacK cOXVWHU. BOacN baUV LQdLcaWH WKH dLIIHUHQcH bHWZHHQ PRXVH 1 aQd
PRXVH 2 IRU HacK VXbJURXS. (F) E[SUHVVLRQ RI OabHOHd JHQHV IRU HacK cOXVWHU LV VKRZQ b\
SHUcHQWaJH RI cHOOV ZLWK H[SUHVVLRQ JUHaWHU WKaQ ]HUR (dRW VL]H) aQd PHaQ H[SUHVVLRQ IRU cHOOV
ZLWK QRQ]HUR H[SUHVVLRQ (cRORU). (G) HHaWPaS QRUPaOL]Hd b\ VWaQdaUd VcaOH (VXbWUacW PLQLPXP
aQd dLYLdH b\ Pa[LPXP) b\ cROXPQ RI aYHUaJH VLQJOH cHOO JHQH VHW VcRUHV IRU HacK cOXVWHU
(H[cOXdLQJ cOXVWHU 8 ± C\WRNNJ7) IRU WKH JHQH VHWV dHILQHd b\ WKH PRdXOHV IURP Fig. 2.1C. (H-J)
SWacNHd YLROLQ SORW dHPRQVWUaWHV VWaQdaUd VcaOH QRUPaOL]Hd H[SUHVVLRQ RI caQdLdaWH aQHUJ\ aQd
H[KaXVWLRQ aVVRcLaWHd JHQHV (H), TK-17 aQd IL-6 aVVRcLaWHd JHQHV (I), aQd Socs IaPLO\ PHPbHUV
(J) LQ WTNXU aQd SKGNXU GFPOR aQd GFPKL CD4 QawYH T cHOOV LQ aOO cHOOV (H) RU LQ T.4NNr4a1
cHOOV (I-J). HHaWPaSV RQ WKH ULJKW IRU HacK SaQHO VKRZ PHaQ H[SUHVVLRQ RI WKH LQdLcaWHd JHQHV
acURVV VXbJURXS QRUPaOL]Hd b\ VWaQdaUd VcaOH IRU HacK JHQH.
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Supplementar\ Figure 2.3 Highl\ variable genes that positivel\ and negativel\ correlate
with NU4a1 in T.4NNU4a1 cluster and trajector\ anal\sis of their underl\ing states
(A) HLHUaUcKLcaO cOXVWHULQJ RI cRUUHOaWLRQ PaWUL[ RI WRS 25 HVGV WKaW SRVLWLYHO\ aQd QHJaWLYHO\
cRUUHOaWH ZLWK Nr4a1 H[SUHVVLRQ LQ T.4NNr4a1 cHOOV XVLQJ SSHaUPaQ¶V cRUUHOaWLRQ. DLaJRQaO JUa\
cRORUHd bR[HV UHSUHVHQW cRUUHOaWLRQ RI 1. DaUN JUa\ bR[HV PaUN PRdXOHV RI HVGV WKaW KLJKO\
cRUUHOaWH ZLWK Nr4a1 H[SUHVVLRQ. (B) CRUUHOaWLRQ PaWUL[ RI HVGV WKaW SRVLWLYHO\ cRUUHOaWH ZLWK
Egr2 aQd Tnfrsf9 H[SUHVVLRQ LQ T.4NNr4a1 cHOOV XVLQJ SSHaUPaQ¶V cRUUHOaWLRQ. DLaJRQaO JUa\ bR[HV
UHSUHVHQW cRUUHOaWLRQ RI 1. (C) UMAP RI cHOOV IURP WKH T.4NNr4a1 cOXVWHU cRORUHd b\ cHOO c\cOH
SKaVH aVVLJQPHQW. BaU SORW RI % RI cHOOV LQ HacK cHOO c\cOH VWaJH IRU cHOOV H[SUHVVLQJ Egr2 RU
Tnfrsf9 (ORJ-QRUPaOL]Hd H[SUHVVLRQ > 1). (D) PURbabLOLW\ dHQVLW\ RI OaWHQW WLPH dLVWULbXWLRQ RI aOO
cHOOV LQ T.4NNr4a1 cOXVWHU. (E) LLQH SORWV IRU WKH Ba\HVLaQ IQIRUPaWLRQ CULWHULRQ (BIC) aQd ANaLNH
IQIRUPaWLRQ CULWHULRQ (AIC) IRU WKH GaXVVLaQ PL[WXUH PRdHO dHcRQYROXWLRQ YHUVXV QXPbHU RI
XQdHUO\LQJ dLVWULbXWLRQV RU cOXVWHUV. (F) UMAP cRORUHd b\ cHOO VWaJH aV dHILQHd LQ Fig. 2.4D ZLWK
aQ RYHUOa\ RI RNA YHORcLW\ YHcWRUV IRU cHOO WUaQVLWLRQV aV dHWHUPLQHd b\ WKH VcYHOR d\QaPLcaO
PRdHO. (G) EQULcKPHQW SORWV IURP GSEA aQaO\VLV RI VWXd\ GSE17974 SaWKZa\V RI WLPH cRXUVH
in vitro acWLYaWLRQ RI CD4+ T cHOOV ZLWK CD3 + CD28 IRU UaQNHd JHQHV IURP dLIIHUHQWLaO JHQH
H[SUHVVLRQ aQaO\VLV RI T.4NNr4a1 cOXVWHU cHOOV LQ SWaJH 1 YHUVXV SWaJH 4. FDR, IaOVH dLVcRYHU\ UaWH.
NES, QRUPaOL]Hd HQULcKPHQW VcRUH
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Supplementar\ Figure 2.4 SKGNur mice express superantigens involved in
selection of TCR variable beta repertoire
(A) BaU SORW ZLWK SHUcHQW RI cHOOV ZLWK SaLUHd TRA aQd TRB dHWHcWLRQ b\ cOXVWHU. (B) BaU SORW RI
PHaQ IUHTXHQc\ RI cHOOV H[SUHVVLQJ HacK TRAV JHQH aV a SHUcHQWaJH RI aOO cHOOV LQ HacK VaPSOH
ZLWK aQ aVVLJQHd TRAV. BaUV aUH cRORUHd accRUdLQJ WR VXbJURXS aQd RUdHUHd b\ LQcUHaVLQJ
RYHUaOO IUHTXHQc\. (C) BALB/c aQd SKG WaLO DNA XVHd LQ PCR UHacWLRQV cRQWaLQLQJ SULPHUV
VSHcLILc IRU WKH LQdLcaWHd MWY SUR-YLUXVHV. (D) BaU SORWV RI IUHTXHQc\ RI cHOOV H[SUHVVLQJ WKH
LQdLcaWHd TRBV cRQWURO JHQHV QRW XQLTXHO\ HQULcKHd LQ SKGNXU GFPKL cHOOV IRU WKH WZR UHSOLcaWH
PLcH LQ HacK VXbJURXS.
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Supplementar\ Figure 2.5 Further enrichment of biased TRBV in SKGNur GFPhi T.4NNU4a1
cells
(A) ScaWWHU SORW RI PHaQ IUHTXHQc\ RI cHOOV H[SUHVVLQJ HacK TRBV (OHIW) RU TRAV (ULJKW) JHQH
IRU WKH SKGNXU GFPKL YHUVXV WKH WTNXU GFPKL T.4NNr4a1 cHOOV. DRWV IRU HacK TRV JHQH aUH VL]Hd
accRUdLQJ WR WKH IaOVH dLVcRYHU\ UaWH (FDR) IURP a SaLUHd RQH-VLdHd W-WHVW cRPSaULQJ IUHTXHQc\
LQ SKGNXU GFPKL YHUVXV SKGNXU GFPOR. DRWV aUH cRORUHd aV HLWKHU VLJQLILcaQWO\ HQULcKHd (FDR
< 0.1) LQ SKGNXU GFPKL (daUN bOXH), VLJQLILcaQWO\ HQULcKHd LQ SKGNXU GFPOR (OLJKW bOXH), RU QRW
VLJQLILcaQWO\ HQULcKHd LQ HLWKHU VXbJURXS (bOacN). TRBV JHQHV WKaW ZHUH VLJQLILcaQWO\ HQULcKHd LQ
SKGNXU GFPKL aQd ZHUH aOVR PRUH KLJKO\ H[SUHVVHd LQ SKGNXU GFPKL YHUVXV WTNXU GFPKL

T.4NNr4a1 cHOOV aUH bROdHd. (B) BaU SORW RI PHaQ YaOXH RI T.4NNr4a1 cHOOV H[SUHVVLQJ HacK TRBV
JHQH aV a SHUcHQWaJH RI aOO T.4NNr4a1 cHOOV LQ HacK VaPSOH ZLWK aQ aVVLJQHd TRBV. BaUV aUH
cRORUHd accRUdLQJ WR VXbJURXS aQd aUH RUdHUHd ZLWK WKH TRBV JHQHV HQULcKHd LQ SKGNXU GFPKL

T.4NNr4a1 cHOOV (VHH A) IROORZHd b\ WKH RWKHU TRBV JHQHV RUdHUHd b\ LQcUHaVLQJ RYHUaOO
IUHTXHQc\. (C) BaU SORW RI PHaQ YaOXH RI T.4NNr4a1 cHOOV H[SUHVVLQJ HacK TRAV JHQH aV a
SHUcHQWaJH RI aOO T.4NNr4a1 cHOOV LQ HacK VaPSOH ZLWK aQ aVVLJQHd TRAV. BaUV aUH cRORUHd
accRUdLQJ WR VXbJURXS aQd aUH RUdHUHd b\ LQcUHaVLQJ RYHUaOO IUHTXHQc\. (D) BaU SORW RI IUHTXHQc\
RI cHOOV H[SUHVVLQJ LQdLcaWHd TRBV JHQHV VLJQLILcaQWO\ HQULcKHd LQ SKGNXU GFPKL T.4NNr4a1 cHOOV
(VHH A) IRU WKH WZR UHSOLcaWH PLcH LQ HacK VXbJURXS.
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Supplementar\ Figure 2.6 TCR Vbs unresponsive to BALB/c MMTV superantigen do not
expand in peripheral T cells marked b\ TCR signaling reporter
(A) FORZ c\WRPHWU\ JaWLQJ XVHd WR LdHQWLI\ GFPKL aQd GFPOR SRSXOaWLRQV LQ QawYH
(CD62LKLCD44OR) aQd PHPRU\ (CD44KLCD62LOR) CD4+CD25- T cHOOV IRU Vb LdHQWLILcaWLRQ LQ
WTNXU aQd SKGNXU O\PSKRc\WHV. (B-C) RHSUHVHQWaWLYH FACS SORWV (B) RI QawYH SHULSKHUaO
CD4 T cHOOV ZLWK LQdLcaWHd TCR Vb SURWHLQ XVaJH dHWHUPLQHd b\ IORZ c\WRPHWU\ LQ GFPOR aQd
GFPKL T cHOOV IURP LN RI WTNXU aQd SKGNXU PLcH SULRU WR aUWKULWLV LQdXcWLRQ aQd TXaQWLILHd LQ
(C) ZKHUH baU JUaSKV dHSLcW PHaQ IUHTXHQc\ (� SEM), Q = 3-4 PLcH SHU JURXS, H[SHULPHQW
UHSHaWHd aW OHaVW 3 WLPHV. SLJQLILcaQcH LQdLcaWHd b\ aVWHULVN IRU FDR (SaLUHd W-WHVW) RU P YaOXH
(H[acW SHUPXWaWLRQ WHVW) < 0.05 (*), < 0.1 (**), RU < 0.001 (***).
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Supplementar\ Figure 2.7 TCR Vbs unresponsive to BALB/c MMTV superantigen do not
expand in SKG CD4 T cells after arthritis induction
(A) DNA ZaV XVHd IURP SKG MRLQWV � aUWKULWLV LQ PCR UHacWLRQV cRQWaLQLQJ SULPHUV VSHcLILc IRU
WKH LQdLcaWHd MWY SUR-YLUXVHV. LaQHV 26 VKRZ PCR PL[WXUHV OacNLQJ WHPSOaWH DNA. C57BL/6
WaLO DNA ZaV XVHd aV a SRVLWLYH cRQWURO IRU Mtv-8, -9, -17 aQd a QHJaWLYH cRQWURO IRU Mtv-6.
MROHcXOaU VL]H PaUNHUV aUH VKRZQ LQ OaQH 1. EacK JHO LV UHSUHVHQWaWLYH RI aW OHaVW 3-4 bLRORJLcaO
UHSOLcaWHV SHU cRQdLWLRQ aQd JHQRW\SH. (B) AUWKULWLV VcRUH LQ SKGNXU PLcH � L.S. ]\PRVaQ (UHd)
RU PBS (JUa\), Q=4 PLcH LQ HacK JURXS, UHSUHVHQWaWLYH RI aW OHaVW 3 H[SHULPHQWV. (C) BaU JUaSK
dHSLcWV PHaQ IUHTXHQc\ (� SEM) RI SHULSKHUaO QawYH RU PHPRU\, RU MRLQW CD4 T cHOOV ZLWK
LQdLcaWHd TCR Vb SURWHLQ XVaJH dHWHUPLQHd b\ IORZ c\WRPHWU\ LQ CD4 T cHOOV IURP dUaLQLQJ LN
RU MRLQWV RI SKGNXU PLcH 2.5 ZHHNV aIWHU aUWKULWLV LQdXcWLRQ ZLWK ]\PRVaQ (aV VHHQ LQ B). (D-F)
RHSUHVHQWaWLYH FACS SORWV RI SHULSKHUaO QawYH RU PHPRU\, RU MRLQW CD4 T cHOOV ZLWK LQdLcaWHd
TCR Vb SURWHLQ XVaJH dHWHUPLQHd b\ IORZ c\WRPHWU\ LQ GFPOR (OLJKW bOXH) aQd GFPKL (daUN bOXH)
T cHOOV IURP LN RU MRLQWV RI SKGNXU PLcH 2.5 ZHHNV aIWHU aUWKULWLV LQdXcWLRQ ZLWK ]\PRVaQ aQd
TXaQWLILHd LQ Fig. 2.6E RU (F), UHVSHcWLYHO\, ZKHUH baU JUaSKV dHSLcW PHaQ IUHTXHQc\ (� SEM), Q
= 7 PLcH SHU JURXS SRROHd IURP 2 H[SHULPHQWV. (C, F) SLJQLILcaQcH LQdLcaWHd b\ aVWHULVN IRU P
YaOXH (H[acW SHUPXWaWLRQ WHVW) RU FDR (SaLUHd W-WHVW) < 0.05 (*), < 0.1 (**), RU < 0.001 (***).
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Materials and Methods

Antibodies and Reagents. GKRVW D\H VLROHW 510 (TRQbR BLRVcLHQcHV: 13-0870-T100) ZaV XVHd

IRU OLYH/dHad VWaLQLQJ. TKH IROORZLQJ aQWLbRdLHV ZHUH XVHd IRU VWaLQLQJ aV LQdLcaWHd:

CD3H-BUV395 (BD BLRVcLHQcH: 563565, cORQH: 145-2C11), CD4-APCHFOXRU 780 (HBLRVcLHQcH:

47-0042-82, cORQH: RM4-5), CD25-PHUCPC\5.5 (TRQbR 65-0251-U100, cORQH: PC61.5),

CD44-PE-C\7 (BLRLHJHQd: 103030, cORQH: IM7), CD62L-BV711 (BLRLHJHQd: 104445, cORQH:

MEL-14), TCR Vȕ3-PE (BD BLRVcLHQcH: 553209, cORQH: KJ25), TCR Vȕ5.1/5.2-PE (BD

BLRVcLHQcH: 562088, cORQH: MR9-4), TCR Vȕ6-BV421 (BD BLRVcLHQcH: 744590, cORQH: RR4-7),

TCR Vȕ8-BV421 (BD BLRVcLHQcH: 742376, cORQH: F23), TCR Vȕ11-PE (BD BLRVcLHQcH:

553198, cORQH: RR3-15), TCR Vȕ14-BLRWLQ (BD BLRVcLHQcH: 553257, cORQH: 14-2),

SWUHSWaYLdLQ-BV421 (BLRLHJHQd: 405226), FOXP3-HFOXRU 660 (HBLRVcLHQcH: 50-5773-82, cORQH:

FJK-16V).

Mice. BALB/c aQd C57BL/6J PLcH ZHUH SXUcKaVHd IURP JacNVRQ OabRUaWRU\, aQd

BALB/cNXU77-HGFP aQd SKGNXU77-HGFP PLcH ZHUH bUHd LQ RXU IacLOLW\ (UQLYHUVLW\ RI

CaOLIRUQLa, SaQ FUaQcLVcR) aV SUHYLRXVO\ dHVcULbHd (10). AOO PLcH ZHUH KRXVHd aQd bUHd LQ

VSHcLILc SaWKRJHQ-IUHH cRQdLWLRQV LQ WKH AQLPaO BaUULHU FacLOLW\ aW UCSF accRUdLQJ WR WKH

UQLYHUVLW\ AQLPaO CaUH CRPPLWWHH aQd NIH JXLdHOLQHV. AOO aQLPaO H[SHULPHQWV ZHUH aSSURYHd

b\ WKH UCSF IQVWLWXWLRQaO AQLPaO CaUH aQd UVH CRPPLWWHH.

Flow C\tometr\ and Cell Sorting. CHOOV ZHUH VWaLQHd ZLWK aQWLbRdLHV RI WKH LQdLcaWHd

VSHcLILcLWLHV aQd aQaO\]Hd RQ a BD LSR FRUWHVVa IORZ c\WRPHWHU. FORZ c\WRPHWU\ SORWV aQd

aQaO\VHV ZHUH SHUIRUPHd XVLQJ FORZJR Y.10.8.0 (TUHH SWaU). CHOOV ZHUH VRUWHd WR >95% SXULW\

XVLQJ a MRFOR XDP (BHcNPaQ CRXOWHU).
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Murine S\novial Tissue Preparation. S\QRYLaO WLVVXHV IURP aQNOH MRLQWV ZHUH dLJHVWHd ZLWK 1

PJ/PL CROOaJHQaVH IV (WRUWKLQJWRQ: LS004188) aQd DNaVH I (SLJPa: 4536282001) LQ RPMI

1640 PHdLXP IRU 2 K aW 37 �C RQ a URWaWRU WKHQ TXHQcKHd ZLWK 10% IHWaO bRYLQH VHUXP LQ RPMI

1640 PHdLXP; dLJHVWHd cHOOV ZHUH ILOWHUHd WKURXJK a 70 �P Q\ORQ PHVK WR SUHSaUH VLQJOH cHOO

VXVSHQVLRQV.

Surface and Intracellular Staining. AIWHU OLYH/dHad VWaLQLQJ ZLWK GKRVW D\H VLROHW 510 aV SHU

PaQXIacWXUHU¶V LQVWUXcWLRQV, cHOOV ZHUH VWaLQHd IRU VXUIacH PaUNHUV, ZaVKHd, aQd WKHQ IL[Hd IRU 10

PLQ ZLWK 4% (YRO/YRO) IUHVK SaUaIRUPaOdHK\dH aW URRP WHPSHUaWXUH SURWHcWHd IURP OLJKW. CHOOV

ZHUH WKHQ SHUPHabLOL]Hd XVLQJ WKH MRXVH RHJXOaWRU\ T-CHOO SWaLQLQJ NLW 1 (HBLRVcLHQcH:

00-5521-00) SHU PaQXIacWXUHU'V LQVWUXcWLRQ aQd WKHQ VWaLQHd ZLWK FR[P3 H660.

IQ YLYR Treatments. AUWKULWLV: Z\PRVaQ A (SLJPa-AOdULcK) VXVSHQdHd LQ VaOLQH aW 10 PJ/PL

ZaV NHSW LQ bRLOLQJ ZaWHU IRU 10 PLQ. Z\PRVaQ A VROXWLRQ (2 PJ) RU VaOLQH ZaV LQWUaSHULWRQHaOO\

LQMHcWHd LQWR 8±12-ZHHN-ROd PLcH. AQWLUHWURYLUaO WKHUaS\: 5±7-ZHHN-ROd SKG PLcH ZHUH

adPLQLVWHUHd TUXYada cRPbLQaWLRQ WKHUaS\ ZLWK HPWULcLWabLQH (SLJPa-AOdULcK) aQd WHQRIRYLU

dLVRSUR[LO IXPaUaWH (AcURV RUJaQLcV) LQ a 1:1 UaWLR (0.5 PJ/PL LQ dLH2O IRU HacK dUXJ) RU

YHKLcOH cRQWURO. SROXWLRQ ZaV addHd WR WKH dULQNLQJ ZaWHU VXSSO\ aQd cKaQJHd RQcH SHU ZHHN.

MLcH ZHUH aOVR JLYHQ aQ LQWUaSHULWRQHaO bROXV LQMHcWLRQ [1 RI TUXYada (a160 PJ/NJ) RU YHKLcOH

cRQWURO LQ 200 XO PBS aW VWaUW RI WUHaWPHQW. DULQNLQJ ZaWHU dRVaJH ZLWK TUXYada RU dLH2O

cRQWLQXHd WKURXJKRXW WKH aUWKULWLV cRXUVH.

Statistics. FORZ c\WRPHWU\ daWa ZHUH aQaO\]Hd b\ cRPSaULVRQ RI PHaQV XVLQJ SaLUHd RU XQSaLUHd

2-WaLOHd SWXdHQW¶V t-WHVWV XVLQJ PULVP Y.9.2.0 RU Y.9.3.1 IRU Mac (GUaSKPad SRIWZaUH). UQSaLUHd

W-WHVW ZLWK WHOcK¶V cRUUHcWLRQ ZaV XVHd WR caOcXOaWH dLIIHUHQcHV LQ aUWKULWLV VcRUHV aQd ORJ-UaQN

MaQWHO-CR[ WHVW XVHd WR caOcXOaWH dLIIHUHQcHV LQ KaSOaQ MHLHU SXUYLYaO. DaWa LQ aOO ILJXUHV
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UHSUHVHQW PHaQ � SEM XQOHVV RWKHUZLVH LQdLcaWHd. DLIIHUHQcHV ZHUH cRQVLdHUHd VLJQLILcaQW aW P

< 0.05: *P < 0.05, **P < 0.01, ***P < 0.001, aQd ****P < 0.0001.

PCR and RT-PCR. BALB/cJ, C57BL/6J, aQd SKG WaLO DNA ZaV W\SHd IRU Mtv-6, -8, -9, aQd

-17. SWaQdaUd PCR SURWRcROV ZHUH XVHd IRU SUHSaULQJ PCR PL[WXUHV. PULPHU SaLUV IRU WKH

dHWHcWLRQ RI MMTV SURYLUXVHV ZHUH SUHYLRXVO\ dHVcULbHd (55). GAPDH SULPHUV XVHd: (5'

CATGTTTGTGATGGGTGTGAACCA 3') aQd (5' GTTGCTGTAGCCGTATTCATTGTC 3').

PCR PL[WXUHV IRU Mtv-6, -8, and -9 ZHUH LQcXbaWHd aW 94�C IRU 5 PLQ, WKHQ dHQaWXUHd IRU 44

c\cOHV aW 94�C IRU 1 PLQ, aQQHaOHd aW 46�C IRU 1 PLQ, SRO\PHUL]Hd aW 72�C IRU 1 PLQ, aQd WKHQ

LQcXbaWHd aW 72�C IRU 5 PLQ. PCRV IRU Mtv-17 ZHUH cRQdXcWHd VLPLOaUO\ H[cHSW IRU aQ aQQHaOLQJ

WHPSHUaWXUH RI 50�C. SaPSOHV ZHUH UXQ RQ 2% aJaURVH JHO.

RT-PCR with Joints. SLQJOH cHOO VXVSHQVLRQV RI V\QRYLaO WLVVXHV IURP SKG aQNOH MRLQWV ZHUH

VSXQ dRZQ aW 1500 RPM aW 4C. CHOO SHOOHWV ZHUH IOaVK IUR]HQ XVLQJ dU\ LcH LQ HWK\O aOcRKRO.

FUR]HQ cHOO SHOOHWV ZHUH XVHd ZLWK WKH RNHaV\ MLQL KLW (QLaJHQ: 74106) IRU RNA SXULILcaWLRQ.

TKH TScULSW cDNA S\QWKHVLV KLW (QXaQWabLR: 95047-100) ZaV XVHd IRU cDNA OLbUaU\ V\QWKHVLV

IURP SXULILHd WRWaO RNA. RT-PCR ZaV cRQdXcWHd aV dHVcULbHd SUHYLRXVO\ IRU PCR.

Bulk RNA Sequencing. NHJaWLYHO\ VHOHcWHd CD4 T cHOOV IURP WKH O\PSK QRdH ZHUH VRUWHd IRU

CD62LKLCD44ORCD25- aQd WKH 10% KLJKHVW (GFPKL) RU ORZHVW (GFPOR) H[SUHVVLQJ T cHOOV. CHOOV

ZHUH ZaVKHd, SHOOHWHd aQd LPPHdLaWHO\ IOaVK IUR]HQ XVLQJ dU\ LcH LQ HWK\O aOcRKRO. SaPSOHV ZHUH

SURcHVVHd IRU bXON RNA-VHTXHQcLQJ b\ Q2 VROXWLRQV XVLQJ WKH TUXSHT SWUaQdHd PRNA NLW

(IOOXPLQa: RS-122-2103) IRU OLbUaU\ SUHSaUaWLRQ. TKH UHVXOWLQJ OLbUaULHV SRRO LQWR WKUHH baWcKHV

aQd VHTXHQcHd RQ a IOOXPLQa HLSHT 2500 VHTXHQcHU RYHU WKUHH OaQHV.

Alignment and Initial Processing of Bulk RNA Sequencing Data. TKH UaZ IaVWT ILOHV ZHUH

cOLSSHd aQd ILOWHUHd XVLQJ IaVWT-PcI Y.1.04.636 WR UHPRYH ORZ TXaOLW\ UHadV aQd baVHV,
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KRPRSRO\PHUV, aQd adaSWHU VHTXHQcHV. TKH ILOWHUHd UHadV ZHUH aOLJQHd XVLQJ WKH STAR Y.2.4

(70) ZLWK WKH dHIaXOW VHWWLQJV WR WKH PP10 WUaQVcULSWRPH aQd WKH UHVXOWLQJ baP ILOHV ZHUH

cRQYHUWHd WR cRXQW PaWULcHV IRU HacK VaPSOH ZLWK RSEM Y.1.2.14. GHQHV ZLWK OHVV WKaQ 10 cRXQWV

acURVV aOO WKH VaPSOHV ZHUH ILOWHUHd RXW. RaZ cRXQWV ZHUH QRUPaOL]Hd aQd WUaQVIRUPHd b\ WKH

YaULaQcH VWabLOL]LQJ WUaQVIRUPaWLRQ (VST) IXQcWLRQ IURP DESHT2 Y.1.22.2 (71).

Principal Component Anal\sis. TKH VST QRUPaOL]Hd IHaWXUHV ZHUH XVHd IRU SULQcLSaO

cRPSRQHQW aQaO\VLV ZLWK WKH IXQcWLRQ SORWPCA IURP DESHT2.

Bulk RNA Sequencing Differential Expression. DLIIHUHQWLaO JHQH H[SUHVVLRQ IRU WKH bXON RNA

VHTXHQcLQJ VaPSOHV ZaV SHUIRUPHd ZLWK WKH UaZ cRXQWV IURP WKH ILOWHUHd JHQH OLVW IRU WKH

LQdLcaWHd VaPSOHV aV WKH LQSXWV. TKH aQaO\VLV ZaV UXQ XVLQJ a QHJaWLYH bLQRPLaO PRdHO ZLWK

PXOWLSOH WHVWLQJ cRUUHcWLRQ ZLWK BHQMaPLQL-HRcKbHUJ LPSOHPHQWHd YLa WKH DESHT IXQcWLRQ

ZKLcK LQcOXdHV aQ LQWHUQaO QRUPaOL]aWLRQ IURP DESHT2. FRU dLIIHUHQWLaO JHQH H[SUHVVLRQ bHWZHHQ

VaPSOHV ZLWKLQ WKH VaPH JHQRW\SH, PRXVH LdHQWLW\ ZaV LQcOXdHd aV a cRYaULaWH.

Functional Enrichment Anal\sis. TKH cROOHcWLRQ RI 991 VLJQLILcaQWO\ dLIIHUHQWLaOO\ H[SUHVVHd

JHQHV (ORJ2FC > 1 aQd adMXVWHd S YaOXH < 0.05) IURP WKH IRXU cRPSaULVRQV [SKGNXU GFPKL

YHUVXV SKGNXU GFPOR , WTNXU GFPKL YHUVXV WTNXU GFPOR, SKGNXU GFPKL YHUVXV WTNXU

GFPKL, SKGNXU GFPOR YHUVXV WTNXU GFPOR] ZHUH KLHUaUcKLcaOO\ cOXVWHUHd XVLQJ WKH WaUd

OLQNaJH (³ZaUd.D2´) ZLWK WKH R SacNaJH SKHaWPaS Y.1.0.12. TKH UHVXOWLQJ dHQdURJUaP ZaV XVHd

WR SaUWLWLRQ WKH dLIIHUHQWLaOO\ H[SUHVVHd JHQH OLVW LQWR VL[ JHQH PRdXOHV. TKH JHQH OLVWV IRU HacK

JHQH PRdXOH ZHUH aQaO\]Hd XVLQJ WKH IXQcWLRQaO SURILOLQJ J:GOSW WRRO IURP J:PURILOHU (YHUVLRQ

H102_HJ49_S15_H7II1c9) ZLWK J:SCS PXOWLSOH WHVWLQJ cRUUHcWLRQ PHWKRd aSSO\LQJ VLJQLILcaQcH

WKUHVKROd RI 0.05. SHOHcW VLJQLILcaQWO\ HQULcKHd SaWKZa\V IURP WKH GO:BP RU KEGG cROOHcWLRQV

ZHUH UHSRUWHd.
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Gene Set Enrichment Anal\sis. FRU WKH bXON RNA dLIIHUHQWLaO H[SUHVVLRQ, WKH dLIIHUHQWLaO JHQH

OLVW ZaV ILOWHUHd WR UHPRYH JHQHV ZLWK NA IRU WKH adMXVWHd S YaOXH RU ORJ IROd cKaQJH. FRU WKH

VLQJOH-cHOO RNA dLIIHUHQWLaO H[SUHVVLRQ, WKH dLIIHUHQWLaO JHQH OLVW ZaV ILOWHUHd WR RQO\ LQcOXdH

JHQHV ZKLcK ZHUH H[SUHVVHd LQ aW OHaVW 1% RI cHOOV LQ WKH T.4NNr4a1 cOXVWHU. TKHVH ILOWHUHd JHQH OLVW

ZHUH XVHd WR cUHaWH UaQNHd JHQH OLVWV ZLWK WKH VLJQ(ORJ IROd cKaQJH) WLPHV WKH -ORJ10(UaZ S

YaOXH) aV WKH UaQNLQJ PHWULc. TKH UaQNHd OLVW ZaV XVHd aV LQSXW WR ORRN IRU JHQH VHW HQULcKPHQW LQ

WKH LQdLcaWHd cROOHcWLRQ RI SaWKZa\V LQ WKH µcOaVVLc¶ PRdH ZLWK WKH GSEAPUHUaQNHd WRRO IURP

GSEA Y.4.1.0 ZLWK WKH dHIaXOW VHWWLQJV. FRU SaWKZa\ cROOHcWLRQV RI KXPaQ JHQHV, WKH

µMRXVH_GHQH_S\PbRO_RHPaSSLQJ_HXPaQ_OUWKRORJV_MSLJDB¶ cKLS ILOH ZaV XVHd WR PaS

PRXVH JHQHV IURP WKH UaQNHd JHQH OLVW WR WKH KXPaQ RUWKRORJV. MRXVH JHQH V\PbROV WKaW PaSSHd

WR WKH VaPH KXPaQ V\PbRO ZHUH cROOaSVHd baVHd RQ WKH Pa[ UaQN.

Single-cell RNA and TCR Sequencing. NHJaWLYHO\ VHOHcWHd CD4 T cHOOV IURP WKH O\PSK QRdH

aQd VSOHHQ ZHUH VRUWHd IRU CD62LKLCD44ORCD25- aQd WKH 10% KLJKHVW (GFPKL) RU ORZHVW (GFPOR)

H[SUHVVLQJ T cHOOV. DURSOHW-baVHd SaLUHd VLQJOH-cHOO RNA aQd TCR VHTXHQcLQJ ZaV SHUIRUPHd

XVLQJ WKH 10[ VLQJOH-cHOO 5¶+V(D)J Y.1 NLW SHU PaQXIacWXUHU'V LQVWUXcWLRQV. TKH UHVXOWLQJ cDNA

OLbUaULHV ZHUH VHTXHQcHd RQ IRXU OaQHV RI aQ IOOXPLQa NRYaVHT 6000 VHTXHQcHU WR \LHOd JHQH

H[SUHVVLRQ (GEX) aQd T cHOO UHcHSWRU (TCR) IaVWTV.

Alignment and Initial Processing of Single-cell Sequencing Data. TKH UaZ IaVWT ILOHV ZHUH

aOLJQHd XVLQJ CHOORaQJHU Y3.0.1 aQd 3.0.2 VRIWZaUH ZLWK WKH dHIaXOW VHWWLQJV WR WKH PP10

WUaQVcULSWRPH ZLWK WKH addLWLRQ RI WKH VHTXHQcH IRU WKH HGFP WUaQVcULSW aQd WKH YdM GRCP38 Y

3.1.0 UHIHUHQcH IRU WKH GEX aQd TCR IaVWTV, UHVSHcWLYHO\.

HGFP Transcript Sequence.

ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCTGGTCGAGCTG
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GACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGATGC

CACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGCAAGCTGCCCGTGCC

CTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCC

CGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCA

GGAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGA

AGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAG

GAGGACGGCAACATCCTGGGGCACAAGCTGGAGTACAACTACAACAGCCACAACGT

CTATATCATGGCCGACAAGCAGAAGAACGGCATCAAGGTGAACTTCAAGATCCGCCA

CAACATCGAGGACGGCAGCGTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCA

TCGGCGACGGCCCCGTGCTGCTGCCCGACAACCACTACCTGAGCACCCAGTCCGCCC

TGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGGAGTTCGTGACC

GCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAAGTAA

Cell T\pe Classification and Clustering. WH ILOWHUHd RXW 721 cHOOV ZLWK OHVV WKaQ 100 RU PRUH

WKaQ 3000 JHQHV dHWHcWHd aQd ILOWHUHd RXW 14,388 JHQHV dHWHcWHd LQ OHVV WKaQ 3 cHOOV. WH aOVR

ILOWHUHd RXW 1,066 cHOOV ZLWK PRUH WKaQ 10% RI WRWaO cRXQWV (UMIV) PaSSLQJ WR PLWRcKRQdULaO

JHQHV aQd 1008 cHOOV dHWHUPLQHd WR bH cRQWaPLQaWLQJ B cHOOV baVHd RQ CD19 H[SUHVVLRQ. TKH UaZ

cRXQWV ZHUH QRUPaOL]Hd WR 10,000 cRXQWV SHU cHOO aQd ORJ(cRXQW + 1) WUaQVIRUPHd. FRU WHcKQLcaO

aQd baWcK cRUUHcWLRQ, ZH UHJUHVVHd RXW WRWaO UMI cRXQWV aQd % cRXQWV PaSSLQJ WR PLWRcKRQdULaO

JHQHV aQd XVHd cRPbaW IRU baWcK cRUUHcWLRQ ZLWK HacK VaPSOH aV a baWcK. WH LdHQWLILHd 1119

KLJKO\ YaULabOH JHQHV (H[cOXdLQJ aOO TUaY aQd TUbY JHQHV WR aYRLd cOXVWHULQJ cHOOV baVHd RQ

H[SUHVVLRQ RI WKRVH JHQHV) ZKLcK ZHUH VcaOHd aQd XVHd ZLWK WKH dHIaXOW VHWWLQJV LQ VcaQS\ Y.1.4.3

(72) IRU PCA aQaO\VLV IROORZHd b\ OHLdHQ cOXVWHULQJ aIWHU QHaUHVW QHLJKbRU dHWHcWLRQ aQd UMAP
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SURMHcWLRQ. TKLV aQaO\VLV LdHQWLILHd 13 cOXVWHUV ZKLcK ZH cROOaSVHd LQWR 9 cHOO VXbW\SHV baVHd RQ

dLIIHUHQWLaO JHQH aQaO\VLV.

Single-cell Differential Expression Anal\sis. SLQJOH-cHOO dLIIHUHQWLaO H[SUHVVLRQ ZaV SHUIRUPHd

XVLQJ WKH ORJ-QRUPaOL]Hd JHQH cRXQWV ZLWK WKH UaQN_JHQHV_JURXSV IXQcWLRQ IURP VcaQS\ ZLWK WKH

WLOcR[RQ UaQN-VXP PHWKRd aQd PXOWLSOH WHVWLQJ cRUUHcWLRQ ZLWK BHQMaPLQL-HRcKbHUJ.

AddLWLRQaOO\, WKH adMXVWHd S YaOXHV WKaW ZHUH HTXaO WR 0 ZHUH XSdaWHd WR WKH PLQLPXP

UHSUHVHQWabOH SRVLWLYH QRUPaOL]Hd IORaW (2.2250738585072014H-308).

Cell C\cle Phase Assignment and Module Scoring. TR aVVLJQ cHOOV WR WKH cHOO c\cOH SKaVHV, WKH

ORJ-QRUPaOL]Hd VcaOHd JHQH cRXQWV ZHUH XVHd ZLWK WKH VcRUH_JHQHV_cHOO_c\cOH IXQcWLRQ IURP WKH

VcaQS\ Y.1.5.1 SacNaJH ZLWK WKH Mus musculus G1/S DNA DaPaJH CKHcNSRLQWV aQd G2/M

CKHcNSRLQWV JHQH OLVWV IURP WKH REACTOME daWabaVH bHLQJ XVHd IRU WKH JHQHV aVVRcLaWHd WR WKH

S SKaVH aQd JHQHV aVVRcLaWHd WR WKH G2M SKaVH (73, 74), UHVSHcWLYHO\. FRU WKH VLQJOH cHOO VcRULQJ

RI WKH bXON RNA VHTXHQcLQJ JHQH PRdXOHV, WKH ORJ-QRUPaOL]Hd VcaOHd JHQH cRXQWV ZHUH XVHd

ZLWK WKH VcRUH_JHQHV IXQcWLRQ IURP VcaQS\.

RNA Velocit\ Anal\sis. FRU HacK 10[ ZHOO, ZH XVHd YHORc\WR Y.0.17.17 (75) WR cUHaWH a ORRP ILOH

ZLWK WKH VSOLcHd, XQVSOLcHd, aQd aPbLJXRXV cRXQWV ZLWK WKH DHc. 2011 GRCP38/PP10 UHSHaW

PaVNLQJ JWI ILOH IURP WKH UCSC JHQRPH bURZVHU (76, 77). TKH ORRP ILOHV acURVV aOO ZHOOV ZHUH

PHUJHd aQd WKHQ VXbVHWWHd WR aOO cHOOV LQ WKH T.4NNr4a1 cOXVWHU. TKH UHVXOWLQJ RbMHcW ZaV XVHd WR

dHWHUPLQH WKH RNA YHORcLW\ aQd WR SUHdLcW WKH OaWHQW WLPH IRU HacK cHOO XVLQJ WKH 1119 HVGV

ZLWK WKH d\QaPLcaO PRdHO IURP VcYHOR Y.0.2.1.

WH XVHd ZH XVHd a GaXVVLaQ PL[WXUH PRdHO ZLWK WKH GaXVVLaQML[WXUH WRRO IURP VNOHaUQ Y.0.23.1

(78) WR dHcRQYROXWH WKH XQdHUO\LQJ LQdLYLdXaO GaXVVLaQ dLVWULbXWLRQV IURP WKH OaWHQW WLPH

dLVWULbXWLRQ IRU cHOOV IURP WKH T.4NNr4a1 cOXVWHU. TKLV VHSaUaWHd WKH cHOOV LQWR aQ RSWLPaO QXPbHU RI
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4 dLVWULbXWLRQV RU cOXVWHUV aV dHWHUPLQHd b\ WKH HObRZ RI WKH Ba\HVLaQ IQIRUPaWLRQ CULWHULRQ

(BIC) aQd ANaLNH IQIRUPaWLRQ CULWHULRQ (AIC) SORWV.

TKH VPRRWKHd JHQH H[SUHVVLRQ YHUVXV OaWHQW WLPH ZaV PRdHOHd XVLQJ a OLQHaU JHQHUaOL]Hd

addLWLYH PRdHO XVLQJ dHIaXOW VHWWLQJV ZLWK WKH LLQHaUGAM IXQcWLRQ IURP S\JaP Y.0.8.0 (79).

FRU WUaMHcWRU\ LQIHUHQcH bHWZHHQ WKH IRXU cOXVWHUV (³SWaJH 1´ ± ³SWaJH 4´), ZH XVHd WKH

JUaSK-baVHd WRRO PAGA ZLWKLQ VcYHOR WR SUHdLcW YHORcLW\-LQIHUUHd WUaQVLWLRQV aPRQJ WKH cOXVWHUV.

TKH OaWHQW WLPH dLVWULbXWLRQV IURP dLIIHUHQW VXbJURXSV ZHUH cRPSaUHd XVLQJ WKH

KROPRJRURY-SPLUQRY WHVW. TKH cHOO c\cOH dLVWULbXWLRQV bHWZHHQ VXbJURXSV ZLWKLQ VWaJH 1 ZHUH

cRPSaUHd XVLQJ PHaUVRQ¶V cKL-VTXaUHd WHVW.

TCR Anal\sis. CHOOV ZLWK <=2 TRA cKaLQV aQd <=1 TRB cKaLQV ZHUH XVHd LQ WKH TCR

cORQRW\SH aQaO\VHV (47). CHOOV ZLWK WZR TRA cKaLQV ZHUH UHPRYHd IRU WKH TRBV aQd TRAV

aQaO\VHV VLQcH WKH KLJKHVW IUHTXHQc\ IRU aQ\ dXaO TRA ZaV 0.09% LQ aQ\ RQH VaPSOH (a1 cHOO).

TKLV UHPRYHd 10,598 cHOOV RU 13.6% RI aOO cHOOV ZKLcK LV cRQVLVWHQW ZLWK WKH H[SHcWHd dXaO TRA

IUHTXHQc\. TRBV aQd TRAV JHQHV ZKLcK ZHUH QRW SUHVHQW LQ aW OHaVW WZR PLcH IURP WKH VaPH

VXbJURXS (L.H., SKGNXU GFPKL, WTNXU GFPKL, SKGNXU GFPOR, aQd WTNXU GFPOR) ZHUH

UHPRYHd IURP WKH dRZQVWUHaP TRBV aQd TRAV aQaO\VHV.

SLJQLILcaQW dLIIHUHQcHV LQ WKH TRBV IUHTXHQcLHV bHWZHHQ VXbJURXSV ZaV dHWHUPLQHd b\ H[acW

SHUPXWaWLRQ WHVW IRU XQSaLUHd VaPSOHV aQd H[acW SHUPXWaWLRQ WHVW (N > 5 SaLUHd VaPSOHV) (80) RU

SaLUHd W-WHVW (N <= 5 SaLUHd VaPSOHV) XVLQJ VcLS\ Y.1.4.1 IROORZHd b\ BHQMaPLQL-HRcKbHUJ

cRUUHcWLRQ ZLWK VWaWVPRdHOV Y.0.11.1 IRU SaLUHd VaPSOHV.

SLJQLILcaQW dLIIHUHQcH LQ GFP PHaQ IOXRUHVcHQcH LQWHQVLW\ (MFI) IRU cHOOV aVVLJQHd TRBVV LQ WKH

HQULcKHd RU QRW-HQULcKHd JURXSV ZaV dHWHUPLQHd ZLWK a OLQHaU PL[Hd HIIHcW PRdHO GFP MFI a
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TRBV JURXS (HQULcKHd RU QRW-HQULcKHd) + PRXVH Ld ZLWK a UaQdRP LQWHUcHSW IRU HacK TRBV

SURWHLQ.
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Introduction

IQIHcWLRQ RI SUHJQaQW LQdLYLdXaOV ZLWK ZLNa YLUXV (ZIKV), a IOaYLYLUXV SULPaULO\ WUaQVPLWWHd WR

KXPaQV YLa WKH bLWH RI aQ LQIHcWHd PRVTXLWR, caQ OHad WR SHUVLVWHQW YLUaO UHSOLcaWLRQ LQ WKH

SOacHQWa aQd IHWaO bUaLQ WKaW LV aVVRcLaWHd ZLWK dHYaVWaWLQJ IHWaO QHXURORJLc RXWcRPHV (1±4). IQ

cRQWUaVW, IRU WKH PaMRULW\ RI QRQ-SUHJQaQW LPPXQRcRPSHWHQW adXOWV, ZIKV YLUXV LV UaSLdO\

cOHaUHd IURP WKH SOaVPa (5±9), aQd LQIHcWLRQ LV accRPSaQLHd b\ PLOd V\PSWRPV VXcK aV IHYHU,

UaVK, aQd MRLQW SaLQ RU caQ bH aV\PSWRPaWLc (10,11). SLQcH WKH UHcHQW 2015-2016 HSLdHPLc LQ WKH

APHULcaV, WKHUH KaV bHHQ a cRQVLdHUabOH HIIRUW WRZaUdV WKH dHYHORSPHQW RI a ZIKV YaccLQH,

SaUWLcXOaUO\ IRU WKH SUHYHQWLRQ RI PRWKHU-WR-cKLOd WUaQVPLVVLRQ RI LQIHcWLRQ (12±14). TKH PaMRULW\

RI ZIKV YaccLQH caQdLdaWHV aLP WR LQdXcH dXUabOH, KLJK-WLWHU QHXWUaOL]LQJ aQWLbRd\ UHVSRQVHV,

ZKLcK cRQIHU SURWHcWLRQ LQ aQLPaO PRdHOV (15,16).

NaWXUaO LQIHcWLRQ ZLWK ZIKV LQ KXPaQV JHQHUaWHV URbXVW ZIKV-VSHcLILc aQWLbRd\

UHVSRQVHV (11,17); KRZHYHU, WKHUH LV ZLdH LQWHU-LQdLYLdXaO YaULaWLRQ LQ WKH OHYHOV RI ZIKV-VSHcLILc

aQWLbRdLHV WKaW SHUVLVW LQ WKH VHUXP (11,18). IPPXQLW\ WR VXbVHTXHQW LQIHcWLRQ ZLWK ZIKV LV

OLNHO\ WR bH LQIOXHQcHd b\ WKH PaJQLWXdH aQd dXUabLOLW\ RI WKH ZIKV QHXWUaOL]LQJ aQWLbRd\

UHVSRQVH (17,19,20), bXW OLWWOH LV NQRZQ abRXW WKH IacWRUV WKaW cRQWULbXWH WR LQWHU-LQdLYLdXaO

YaULaWLRQ LQ aQWLbRd\ UHVSRQVHV. TKHUH LV VXbVWaQWLaO cURVV-UHacWLYLW\ bHWZHHQ YLUXV-VSHcLILc

aQWLbRdLHV (18,21,22) aQd T cHOO UHVSRQVHV (23±25) JHQHUaWHd aIWHU LQIHcWLRQ ZLWK ZIKV aQd

WKRVH IURP WKH cORVHO\-UHOaWHd aQd RIWHQ cR-cLUcXOaWLQJ dHQJXH YLUXV (DENV). HRZHYHU, SULRU

DENV H[SRVXUH aORQH dRHV QRW aSSHaU WR H[SOaLQ WKH ZLdH UaQJH RI ZIKV aQWLbRd\ WLWHUV

RbVHUYHd aIWHU QaWXUaO LQIHcWLRQ (18).

FRU RWKHU SaWKRJHQV, baVHOLQH LPPXQH cKaUacWHULVWLcV aQd/RU VLJQaWXUHV RI HaUO\ LPPXQH

UHVSRQVHV acXWHO\ aIWHU LQIHcWLRQ RU YaccLQaWLRQ KaYH bHHQ VKRZQ WR cRUUHOaWH ZLWK WKH PaJQLWXdH
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RI SaWKRJHQ-VSHcLILc aQWLbRd\ WLWHUV (26±33). SRPH aVSHcWV RI WKH LQQaWH c\WRNLQH aQd cHOOXOaU

LPPXQH UHVSRQVHV WR ZIKV LQIHcWLRQ KaYH bHHQ dHVcULbHd LQ KXPaQV (34±40). HRZHYHU, WKH

UHOaWLRQVKLS bHWZHHQ WKH acXWH-SKaVH LPPXQH UHVSRQVH aQd WKH JHQHUaWLRQ RI ZIKV-VSHcLILc

aQWLbRdLHV KaV QRW bHHQ cKaUacWHUL]Hd. TKLV LV LQ SaUW dXH WR WKH LQKHUHQW cKaOOHQJHV LQ LdHQWLI\LQJ

aQd HVWabOLVKLQJ ORQJLWXdLQaO cRKRUWV RI LQdLYLdXaOV LdHQWLILHd dXULQJ WKH HaUOLHVW da\V RI WKH

acXWH SKaVH RI a QaWXUaO LQIHcWLRQ.

HHUH, ZH XVHd KLJK-dLPHQVLRQaO VLQJOH-cHOO SURILOLQJ ZLWK PaVV c\WRPHWU\ (C\TOF) WR

dHHSO\ cKaUacWHUL]H WKH cHOOXOaU LQQaWH aQd adaSWLYH LPPXQH UHVSRQVH dXULQJ acXWH aQd

cRQYaOHVcHQW ZIKV LQIHcWLRQ. WH HYaOXaWHd ORQJLWXdLQaO SHULSKHUaO bORRd VaPSOHV cROOHcWHd IURP

25 LQdLYLdXaOV LQ a QaWXUaO KLVWRU\ cRKRUW RI KHaOWK\, QRQ-SUHJQaQW adXOWV IURP PXHUWR RLcR ZKR

ZHUH IRXQd WR bH YLUHPLc ZLWK ZIKV aW WKH WLPH RI bORRd dRQaWLRQ dXULQJ WKH UHcHQW ZIKV

HSLdHPLc RI 2015-2016 (9,41,42). WH IRXQd bURadO\ cRRUdLQaWHd cHOOXOaU UHVSRQVHV acURVV

LPPXQH cHOO OLQHaJHV dXULQJ acXWH ZIKV LQIHcWLRQ aQd LdHQWLILHd dLVWLQcW cHOOXOaU LPPXQH

VLJQaWXUHV dXULQJ acXWH ZIKV LQIHcWLRQ WKaW ZHUH aVVRcLaWHd ZLWK WKH dHYHORSPHQW aQd

SHUVLVWHQcH RI ORZ YHUVXV KLJK QHXWUaOL]LQJ aQWLbRd\ WLWHUV. IQ addLWLRQ, ZH LdHQWLILHd VWabOH

LPPXQH IHaWXUHV WKaW cRPSULVH a c\WRWR[Lc LPPXQH VHW SRLQW aVVRcLaWHd ZLWK ORZ QHXWUaOL]LQJ

aQWLbRd\ WLWHUV. FXWXUH YaccLQH HIILcac\ WULaOV IRU ZIKV aQd RWKHU acXWH YLUaO LQIHcWLRQV Pa\

bHQHILW IURP WKH LQcOXVLRQ RI WKHVH caQdLdaWH cHOOXOaU bLRPaUNHUV WR aLd LQ WKH SUHdLcWLRQ RI

QHXWUaOL]LQJ aQWLbRd\ WLWHUV, aQd addLWLRQaO VWUaWHJLHV Pa\ bH UHTXLUHd WR HOLcLW VWURQJHU aQWLbRd\

UHVSRQVHV LQ LQdLYLdXaOV ZLWK c\WRWR[Lc-VNHZHd baVHOLQH LPPXQH VHW SRLQWV.
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Results

IGHQWLI\LQJ IPPXQH CHOO PRSXOaWLRQV WKaW RHVSRQG WR AFXWH ZIKV IQIHFWLRQ

TR cKaUacWHUL]H WKH cHOOXOaU LPPXQH UHVSRQVH WR acXWH ZIKV LQIHcWLRQ, ZH dHVLJQHd WZR C\TOF

aQWLbRd\ SaQHOV WR SKHQRW\SH LQQaWH LPPXQH aQd B cHOO IHaWXUHV (SaQHO 1) aQd T cHOO IHaWXUHV

(SaQHO 2; VHH Table 3.1). WH XVHd WKHVH SaQHOV WR aQaO\]H SHULSKHUaO bORRd PRQRQXcOHaU cHOOV

(PBMCV) cROOHcWHd ORQJLWXdLQaOO\ aW XS WR WKUHH WLPHSRLQWV dXULQJ acXWH, HaUO\, aQd OaWH

cRQYaOHVcHQW SKaVHV RI LQIHcWLRQ IURP 25 RWKHUZLVH KHaOWK\ bORRd dRQRUV LQ PXHUWR RLcR ZKR

ZHUH IRXQd WR bH YLUHPLc IRU ZIKV aW WKH WLPH RI bORRd dRQaWLRQ (³LQdH[ YLVLW´; VWXd\

SaUWLcLSaQWV aUH SaUW RI a OaUJHU REDS-III cRKRUW; Fig. 3.1A, Table 3.2). 28% (7 RI 25) RI WKH

SaUWLcLSaQWV ZHUH IHPaOH, aQd WKH PHdLaQ aJH ZaV 45 \HaUV (UaQJH 21-71). AOO SaUWLcLSaQWV

PRXQWHd a dHWHcWabOH ZIKV IJM, IJG, aQd QHXWUaOL]LQJ aQWLbRd\ UHVSRQVH (UHSRUWHd aV WKH 80%

QHXWUaOL]aWLRQ WLWHUV: NT80; Fig. 3.1B). AOWKRXJK aOO SaUWLcLSaQWV ZHUH YLUHPLc aW WKH LQdH[ YLVLW,

68% (17 RI 25) Kad QRW \HW IRUPHd ZIKV-VSHcLILc IJM UHVSRQVHV. OI WKH SaUWLcLSaQWV ZLWK a

cROOHcWLRQ YLVLW aW WKH ILUVW (³acXWH´) PBMC cROOHcWLRQ WLPHSRLQW (PHdLaQ 8 da\V aIWHU LQdH[),

100% Kad IRUPHd IJM aQWLbRdLHV aQd 22% (5 RI 23) Kad UHVLdXaO dHWHcWabOH SOaVPa YLUHPLa.

TKHUH ZaV VXbVWaQWLaO YaULaWLRQ LQ bRWK SHaN QHXWUaOL]LQJ aQWLbRd\ WLWHUV (ZIKV NT80 WLWHUV:

84-37,872) aQd IROORZ-XS WLWHUV 6 PRQWKV aIWHU WKH LQdH[ YLVLW (0-6,286).

WH ILUVW cKaUacWHUL]Hd KRZ acXWH ZIKV LQIHcWLRQ SHUWXUbV WKH IUHTXHQc\ aQd acWLYaWLRQ RI

dLIIHUHQW LPPXQH cHOO W\SHV LQ SHULSKHUaO bORRd. WH PaQXaOO\ JaWHd PaMRU OaQdPaUN LPPXQH cHOO

SRSXOaWLRQV dHILQHd b\ VWaQdaUd OLQHaJH PaUNHUV (H.J., cOaVVLcaO [CD14+] PRQRc\WHV,

QRQ-cOaVVLcaO [CD14-CD16+] PRQRc\WHV, SOaVPac\WRLd dHQdULWLc cHOOV [SDCV], cOaVVLcaO DCV

[cDCV], CD56bULJKW/dLP NK cHOOV, CD4+ T cHOOV, CD8+ T cHOOV, B cHOOV, HWc.) aQd cOaVVLcaOO\-dHILQHd

adaSWLYH LPPXQH cHOO VXbVHWV (VHH Supplementar\ Fig. 3.1 IRU JaWLQJ VWUaWHJ\ aQd Table 3.1 IRU
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PaVV c\WRPHWU\ aQWLbRdLHV). WH ILUVW HYaOXaWHd WKH UHOaWLYH abXQdaQcH RI 40 cHOO W\SHV (OaQdPaUN

SRSXOaWLRQV aQd adaSWLYH LPPXQH VXbVHWV). WH WKHQ HYaOXaWHd WKH BRROHaQ H[SUHVVLRQ RI 30

dLIIHUHQW SKHQRW\SLc VXUIacH aQd LQWUacHOOXOaU SURWHLQV RQ WKHVH SaUHQW cHOO W\SHV, ZKLcK \LHOdHd a

WRWaO RI 286 XQLTXH SKHQRW\SLc IHaWXUHV (VHH Table 3.3 IRU SKHQRW\SLc IHaWXUHV).

TR bURadO\ dHWHUPLQH KRZ WKH LPPXQH VWaWH LV SHUWXUbHd LQ WKH cRQWH[W RI ZIKV

LQIHcWLRQ, ZH SHUIRUPHd SULQcLSaO cRPSRQHQW aQaO\VLV (PCA) RQ WKH PaQXaOO\-JaWHd C\TOF

IHaWXUHV (adMXVWHd IRU aJH aQd VH[). WH PaSSHd WKH WUaMHcWRULHV acURVV WKH WKUHH WLPHSRLQWV LQ

PCA VSacH IRU HacK LQdLYLdXaO ZIKV-LQIHcWHd SaUWLcLSaQW (Fig. 3.1C) aV ZHOO aV 8 cRQWURO

ZIKV-XQLQIHcWHd bORRd dRQRUV (bOacN WULaQJOHV). WKLOH WKHUH ZaV YaULaWLRQ bHWZHHQ LQdLYLdXaOV,

PRVW SaUWLcLSaQWV IROORZHd a VLPLOaU JHQHUaO WUaMHcWRU\ IURP ULJKW-WR-OHIW aORQJ PC1 aV WKH\

SURJUHVVHd IURP acXWH WR cRQYaOHVcHQW ZIKV LQIHcWLRQ (QRW RbVHUYHd acURVV ORQJLWXdLQaO

VaPSOLQJ RI 6 VHSaUaWH ZIKV-XQLQIHcWHd LQdLYLdXaOV; Supplementar\ Fig. 3.1D). TKH QXPbHU RI

da\V bHWZHHQ WKH LQdH[ aQd WKH acXWH WLPHSRLQW QHJaWLYHO\ cRUUHOaWHd ZLWK WKH WRWaO dLVWaQcH

WUaYHOHd LQ PCA VSacH acURVV WKH WRS ILYH PCV aV ZHOO aV WKH YaOXH RI PC1 aW WKH acXWH WLPHSRLQW

(Fig. 3.1D). TKHVH cRUUHOaWLRQV VXJJHVW WKaW bRWK WKH PC1 cRRUdLQaWH aQd WKH dLVWaQcH WUaYHOHd

cRUUHVSRQd WR PRYHPHQW LQ YLUWXaO LQIHcWLRQ VSacH aV SaUWLcLSaQWV UHVROYH WKHLU ZIKV LQIHcWLRQ.

TR XQdHUVWaQd ZKLcK cHOOXOaU IHaWXUHV cRQWULbXWHd WR WKLV cRRUdLQaWHd PRYHPHQW RYHU WLPH, ZH

XVHd OLQHaU PL[Hd HIIHcW PRdHOOLQJ RQ WKH aJH- aQd VH[-adMXVWHd IHaWXUH abXQdaQcHV. WKLOH WKH

IUHTXHQc\ RI PRVW PaMRU LPPXQH cHOO W\SHV dLd QRW cKaQJH VLJQLILcaQWO\ acURVV WKH WKUHH VaPSOHd

WLPHSRLQWV (Supplementar\ Fig. 3.2A-B), 128 RI WKH 286 SKHQRW\SLc IHaWXUHV dLd cKaQJH

VLJQLILcaQWO\ acURVV WKH WKUHH VaPSOHd WLPHSRLQWV (S_adM<0.05; Fig. 3.1E). TKH YaVW PaMRULW\

(95%) RI WKHVH cKaQJLQJ IHaWXUHV ZHUH HOHYaWHd aW WKH acXWH WLPHSRLQW aQd dHcUHaVHd LQ

abXQdaQcH b\ WKH OaWH cRQYaOHVcHQW WLPHSRLQW. A VXbVHW RI WKHVH IHaWXUHV LQLWLaOO\ UHPaLQHd
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HOHYaWHd aW WKH HaUO\ cRQYaOHVcHQW WLPHSRLQW, ZKLOH RWKHUV dHcUHaVHd VKaUSO\ bHWZHHQ WKH acXWH

aQd HaUO\ cRQYaOHVcHQcH VWaJH (H.J., PRVW SRSXOaWLRQV H[SUHVVLQJ KL-67 aQd CD71).

TR OHYHUaJH WKH ULcKQHVV RI RXU KLJK dLPHQVLRQaO VLQJOH cHOO daWaVHW, ZH SHUIRUPHd

XQVXSHUYLVHd cOXVWHULQJ XVLQJ WKH SCAFFRLD aOJRULWKP WKaW ZH KaYH dHVcULbHd SUHYLRXVO\,

ZKLcK aVVRcLaWHV cHOO cOXVWHUV ZLWK XVHU-dHILQHd OaQdPaUN SRSXOaWLRQV (43,44). WH RbVHUYHd KLJK

cRQcRUdaQcH LQ WKH IUHTXHQc\ RI WKH SUH-dHILQHd OaQdPaUN LPPXQH cHOO SRSXOaWLRQV bHWZHHQ RXU

PaQXaO JaWLQJ aQd SCAFFRLD aSSURacKHV (Supplementar\ Fig. 3.2C-D). LLQHaU PL[Hd HIIHcW

PRdHOLQJ dHPRQVWUaWHd WKaW 15 RI 34 cOXVWHUV aVVLJQHd WR LQQaWH LPPXQH cHOO W\SHV aQd 23 RI 56

cOXVWHUV aVVLJQHd WR adaSWLYH LPPXQH cHOO W\SHV (LQQaWH LPPXQH aQd B cHOO cOXVWHUV IURP C\TOF

PaQHO 1, T cHOO cOXVWHUV IURP PaQHO 2) cKaQJHd VLJQLILcaQWO\ LQ abXQdaQcH aV a SHUcHQW RI WKHLU

SaUHQW OaQdPaUN SRSXOaWLRQ RYHU WLPH (Fig. 3.1F-G). WH aJaLQ RbVHUYHd dLYHUVLW\ LQ WKH

dLUHcWLRQ aQd VSHHd ZLWK ZKLcK cOXVWHUV cKaQJHd LQ abXQdaQcH RYHU WKH WKUHH WLPHSRLQWV.

IQQaWH IPPXQH CHOO AFWLYaWLRQ LQ AFXWH ZIKV IQIHFWLRQ

LLWWOH LV NQRZQ abRXW WKH LQQaWH LPPXQH UHVSRQVH WR acXWH ZIKV LQIHcWLRQ LQ KXPaQV.

IQWHUPHdLaWH (CD14+CD16+) PRQRc\WHV KaYH bHHQ VKRZQ WR LQcUHaVH LQ WKH SHULSKHUaO bORRd RI

cKLOdUHQ ZLWK acXWH LQIHcWLRQ aQd aUH WKHPVHOYHV a PaMRU WaUJHW IRU ZIKV LQIHcWLRQ (37,45). IQ

adXOWV, ZH aOVR RbVHUYHd a WUaQVLHQWO\ HOHYaWHd OHYHO RI LQWHUPHdLaWH PRQRc\WHV dXULQJ acXWH

ZIKV LQIHcWLRQ (Fig. 3.2A; VHH Supplementar\ Fig. 3.1 IRU JaWLQJ). IQWHUPHdLaWH PRQRc\WHV LQ

acXWH LQIHcWLRQ H[SUHVVHd KLJKHU OHYHOV RI acWLYaWLRQ PaUNHUV (Fig. 3.2A). MaQXaO JaWLQJ aQd

XQVXSHUYLVHd cOXVWHULQJ aQaO\VHV UHYHaOHd WKaW acXWH LQIHcWLRQ ZaV aOVR aVVRcLaWHd ZLWK acWLYaWLRQ

LQ WKH bURadHU cOaVVLcaO (CD14+) PRQRc\WH SRSXOaWLRQ (ZKLcK LQcOXdHV CD14+CD16+

LQWHUPHdLaWH PRQRc\WHV; Fig. 3.2B) aV ZHOO aV QRQ-cOaVVLcaO (CD14-CD16+) PRQRc\WHV

(Supplementar\ Fig. 3.3A).
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TR XQdHUVWaQd KRZ WKH H[SUHVVLRQ RI acWLYaWLRQ PaUNHUV ZaV cRRUdLQaWHd RQ PRQRc\WH

SRSXOaWLRQV WUaQVLHQWO\ LQcUHaVHd LQ acXWH LQIHcWLRQ, ZH XVHd RXU cOXVWHULQJ aQaO\VLV WR LQYHVWLJaWH

cR-H[SUHVVLRQ RQ LQdLYLdXaO cHOOV cRQWaLQHd ZLWKLQ WKH cOaVVLcaO CD14+ PRQRc\WH cOXVWHU (cOXVWHU

49) ZLWK WKH JUHaWHVW PHdLaQ UHOaWLYH cKaQJH LQ IUHTXHQc\ (-75%) IURP WKH acXWH WR OaWH

cRQYaOHVcHQW WLPHSRLQWV (Fig. 3.2C). TKLV UHYHaOHd WKUHH PRdXOHV RI PaUNHUV ZLWK cRRUdLQaWHd

H[SUHVVLRQ SaWWHUQV: (1) a SUROLIHUaWLYH PRdXOH (KL-67, CD71, aQd CD38), (2) aQ HaUO\ acWLYaWLRQ

PRdXOH (HLA-DR, CD86, PD-1, aQd CD69), aQd (3) a PRQRc\WH PaWXUaWLRQ/dLIIHUHQWLaWLRQ

PRdXOH (CD16, CD11c, CD40, aQd CD4; Fig. 3.2C). TKXV, ZLWK XQVXSHUYLVHd aQaO\VLV ZH

LdHQWLILHd dLVWLQcW PRdXOHV, UHSUHVHQWLQJ acWLYaWLRQ/dLIIHUHQWLaWLRQ VWaWHV, RI WUaQVLHQWO\ H[SaQdHd

PRQRc\WHV.

TKH SURSRUWLRQ RI acWLYaWHd cDCV aQd SDCV ZaV aOVR LQcUHaVHd LQ acXWH LQIHcWLRQ, aQd

VHYHUaO acWLYaWLRQ PaUNHUV ZHUH cR-H[SUHVVHd RQ WKH cDC cOXVWHU ZLWK WKH JUHaWHVW UHOaWLYH

dHcUHaVH LQ abXQdaQcH aV LQIHcWLRQ UHVROYHd (Supplementar\ Fig. 3.3B). APRQJVW NK cHOOV,

acXWH LQIHcWLRQ ZaV aVVRcLaWHd ZLWK LQcUHaVHd SUROLIHUaWLRQ aQd acWLYaWLRQ LQ bRWK CD56bULJKW aQd

WKH PRUH c\WRWR[Lc CD56dLP NK cHOOV ZKLcK UHVROYHd dXULQJ cRQYaOHVcHQcH (Supplementar\

Fig. 3.3C). CROOHcWLYHO\, WKHVH daWa dHPRQVWUaWH WKaW acXWH ZIKV LQIHcWLRQ LV cKaUacWHUL]Hd b\ WKH

acWLYaWLRQ aQd dLIIHUHQWLaWLRQ RI dLYHUVH LQQaWH LPPXQH cHOOV.

AFFXPXOaWLRQ RI AFWLYaWHG T aQG B CHOOV LQ AFXWH ZIKV IQIHFWLRQ

TKH SRSXOaWLRQ RI HLA-DR+CD38+ CD8+ T cHOOV KaV bHHQ IRXQd WR bH HQULcKHd IRU

aQWLJHQ-VSHcLILc CD8+ T cHOOV LQ RWKHU acXWH LQIHcWLRQV (46±48). AcXWH ZIKV LQIHcWLRQ ZaV

accRPSaQLHd b\ a SURIRXQd accXPXOaWLRQ RI c\cOLQJ, acWLYaWHd QRQ-QawYH CD8+ T cHOOV

cR-H[SUHVVLQJ HLA-DR aQd CD38 (Fig. 3.2D-E). IQdHHd, RXU cOXVWHULQJ aQaO\VLV UHYHaOHd WKaW

WKH H[SUHVVLRQ RI PXOWLSOH acWLYaWLRQ PaUNHUV RQ CD8+ T cHOOV LQ acXWH ZIKV LQIHcWLRQ ZaV
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WLJKWO\ cR-UHJXOaWHd RQ VPaOO VXb-SRSXOaWLRQV. TKH PaMRULW\ RI HLA-DR+CD38+ CD8+ T cHOOV

ZHUH cRQWaLQHd ZLWKLQ WKUHH cOXVWHUV RI CD8+ T cHOOV WKaW H[SUHVVHd WKH KLJKHVW OHYHOV RI RWKHU

acWLYaWLRQ PaUNHUV (H.J., KL-67, ICOS, CTLA-4, TIGIT, CD25) aQd ZHUH RQO\ WUaQVLHQWO\

LQcUHaVHd LQ acXWH LQIHcWLRQ (VXPPHd PHdLaQ IUHTXHQc\ RI c75, 66, 34 acURVV WLPH: 7.1% =>

3.1% => 1.6%; Fig. 3.2F). AcXWH ZIKV LQIHcWLRQ ZaV aOVR aVVRcLaWHd ZLWK a WUaQVLHQW LQcUHaVH LQ

WKH abXQdaQcH RI VPaOO VXb-SRSXOaWLRQV RI c\cOLQJ aQd acWLYaWHd QRQ-QawYH CD4+ T cHOO VXbVHWV

aQd c\WRWR[Lc-VNHZHd Ȗį T cHOOV (Supplementar\ Fig. 3.4).

UVLQJ WZR HVWabOLVKHd aQd cRUUHOaWHd (Supplementar\ Fig. 3.5A) PHWKRdV IRU

LdHQWLI\LQJ B cHOO SRSXOaWLRQV WKaW aUH acWLYHO\ VHcUHWLQJ aQWLbRdLHV (CD38KLCD20QHJ

SOaVPabOaVWV aQd CD71KLCD20QHJ ³AQWLbRd\ SHcUHWLQJ CHOOV´ [ASCV] ((49)), ZH QRWHd a

VLJQLILcaQW dHcUHaVH LQ WKH IUHTXHQc\ RI WKHVH cHOOV bHWZHHQ acXWH LQIHcWLRQ aQd HaUO\/OaWH

cRQYaOHVcHQcH (Fig. 3.2G-H). PKHQRW\SLcaOO\, a OaUJHU SURSRUWLRQ RI ASCV aQd RWKHU B cHOO

VXbVHWV H[SUHVVHd WKH WUaQVcULSWLRQ IacWRU T-bHW, ZKLcK KaV bHHQ aVVRcLaWHd ZLWK B cHOO UHVSRQVHV

WR YLUaO LQIHcWLRQV (50), dXULQJ acXWH LQIHcWLRQ cRPSaUHd WR HaUO\ aQd OaWH cRQYaOHVcHQcH

(S_adM=0.02; Fig. 3.2H, Supplementar\ Fig. 3.5C).

AQ LQcUHaVHd IUHTXHQc\ RI CD20KLCD71KL ³AcWLYaWHd B CHOOV´ (ABCV) KaV aOVR bHHQ

dHVcULbHd LQ RWKHU acXWH LQIHcWLRQV LQ KXPaQV (49,51). WH RbVHUYHd a VLJQLILcaQW dHcUHaVH RYHU

WLPH LQ WKH SURSRUWLRQ RI ABCV H[SUHVVLQJ KL-67, FCRL5, aQd CD40 (Fig. 3.2H). OYHUaOO,

PXOWLSOH VXbVHWV RI B cHOOV WUaQVLHQWO\ H[SUHVVHd VHYHUaO acWLYaWLRQ PaUNHUV LQ acXWH ZIKV

LQIHcWLRQ (Supplementar\ Fig. 3.5B-C). FLQaOO\, WKH H[SUHVVLRQ RI CD21 ZaV ORZHU RQ WKH WZR

IJD- PHPRU\ B cHOO SRSXOaWLRQV dXULQJ acXWH ZIKV LQIHcWLRQ (Supplementar\ Fig. 3.5C),

ZKLcK Pa\ LdHQWLI\ cHOOV UHcHQWO\ H[LWHd IURP a JHUPLQaO cHQWHU (52).
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CRRUGLQaWHG AFWLYaWLRQ RI IQQaWH aQG AGaSWLYH IPPXQH CHOOV LQ AFXWH ZIKV IQIHFWLRQ

WH QH[W aVNHd KRZ WKHVH LPPXQH SaUaPHWHUV dXULQJ acXWH LQIHcWLRQ ZHUH cRRUdLQaWHd WR

XQdHUVWaQd WKH LQWHUcHOOXOaU d\QaPLcV WKaW PHdLaWH WKH RbVHUYHd acWLYH LPPXQH UHVSRQVH. WH

IRcXVHd RQ WKH acXWH WLPHSRLQW IURP 17 LQdLYLdXaOV ZLWKRXW dHWHcWabOH aQWL-ZIKV IJM aW WKHLU

LQdH[ YLVLW WR OLPLW WKH YaULaWLRQ LQ WKH daWa cROOHcWHd IURP SaUWLcLSaQWV, ZKR Pa\ KaYH bHHQ

VaPSOHd aW a dLIIHUHQW QXPbHU RI da\V IROORZLQJ LQIHcWLRQ. WH ILUVW LQWHUURJaWHd IHaWXUHV HQULcKHd

IRU aQWLJHQ-VSHcLILc cHOOV aQd IRXQd WKH IUHTXHQcLHV RI ASC B cHOOV aQd CD38+HLA-DR+

QRQ-QawYH CD8+ T cHOOV ZHUH SRVLWLYHO\ cRUUHOaWHd (SSHaUPaQ¶V U=0.61, S=0.01; Fig. 3.3A).

WH bURadO\ cKaUacWHUL]Hd WKH UHOaWLRQVKLSV RI WKH acXWH-SKaVH cHOOXOaU IHaWXUHV b\

cRPSXWLQJ cRUUHOaWLRQV bHWZHHQ aOO cHOOXOaU IHaWXUHV aW WKH acXWH WLPHSRLQW, UHYHaOLQJ 279 IHaWXUH

SaLUV WKaW ZHUH SRVLWLYHO\ cRUUHOaWHd aQd 66 WKaW ZHUH QHJaWLYHO\ cRUUHOaWHd dXULQJ acXWH ZIKV

LQIHcWLRQ (S_adM<0.05). TR IRcXV RQ WKH cRUUHOaWLRQV WKaW ZHUH H[cOXVLYH WR acXWH ZIKV LQIHcWLRQ,

ZH VHSaUaWHd WKH IHaWXUH SaLUV WKaW ZHUH XQLTXHO\ cRUUHOaWHd dXULQJ acXWH ZIKV LQIHcWLRQ,

dHVLJQaWHd aV ³XQLTXH´ (Q=169), IURP WKH UHPaLQdHU ± OabHOHd aV ³VKaUHd´ ± ZKLcK ZHUH

cRUUHOaWHd bRWK dXULQJ acXWH LQIHcWLRQ aV ZHOO aV LQ WKH XQLQIHcWHd VaPSOHV (Q=176; Fig. 3.3B).

CRPSaUHd WR WKH VKaUHd cRUUHOaWLRQV, WKH XQLTXH cRUUHOaWLRQV dXULQJ acXWH ZIKV LQIHcWLRQ ZHUH

PRUH OLNHO\ WR bH bHWZHHQ IHaWXUHV IURP dLIIHUHQW PaMRU OaQdPaUN SRSXOaWLRQV (RddV RI

cRUUHOaWLRQV bHLQJ bHWZHHQ IHaWXUHV bHORQJLQJ WR dLIIHUHQW/WKH VaPH OaQdPaUN SRSXOaWLRQV

aPRQJVW XQLTXH [105/64] YHUVXV VKaUHd [68/108] cRUUHOaWLRQV; RddV UaWLR [OR] 2.60 [95% CI:

1.65-4.12]; Fig. 3.3C). TKH XQLTXH cRUUHOaWLRQV ZHUH aOVR PRUH OLNHO\ WR bH bHWZHHQ (UaWKHU WKaQ

ZLWKLQ) adaSWLYH aQd LQQaWH LPPXQH IHaWXUHV (OR 2.77 [1.54-5.10]). TKXV, dXULQJ acXWH ZIKV

LQIHcWLRQ, WKHUH ZaV PRUH cRRUdLQaWLRQ acURVV aUPV RI WKH LPPXQH V\VWHP (H.J., VLJQLILcaQW

XQLTXH cRUUHOaWLRQ bHWZHHQ CD38+ SDCV aQd CD38+ TK1 CD4+ T cHOOV (U=0.79, S_adM=0.03;

75



Fig. 3.3D). WH aOVR IRXQd WKaW ZLWKLQ WKH SRVLWLYH cRUUHOaWLRQV, WKH XQLTXH cRUUHOaWLRQV ZHUH

PRUH OLNHO\ WR bH bHWZHHQ dLIIHUHQW PaUNHUV (OR 2.27 [1.31-3.98]) (H.J., CD40+ cDCV aQd

KL-67+ dRXbOH QHJaWLYH (DN; CD27-IJD-) B cHOOV (U=0.78, S_adM=0.03; Fig. 3.3D)). TRJHWKHU

WKHVH ILQdLQJV VXJJHVW WKaW dXULQJ acXWH ZIKV LQIHcWLRQ, WKHUH LV bURad cRRUdLQaWLRQ RI WKH

H[SUHVVLRQ RI a dLYHUVLW\ RI acWLYaWLRQ PaUNHUV acURVV adaSWLYH aQd LQQaWH LPPXQH cHOO W\SHV.

IQGLYLGXaOV E[KLELW IQYHUVHO\ CRUUHOaWHG CHOOXOaU IPPXQH SLJQaWXUHV DXULQJ AFXWH ZIKV

IQIHFWLRQ

WH QH[W aVNHd LI WKHUH ZHUH LQWHU-LQdLYLdXaO dLIIHUHQcHV bHWZHHQ VWXd\ SaUWLcLSaQWV WKaW Pa\ KHOS

WR H[SOaLQ WKH YaULabOH RXWcRPHV RI acXWH LQIHcWLRQ, VXcK aV WKH OaUJH dLIIHUHQcHV LQ QHXWUaOL]LQJ

aQWLbRd\ WLWHUV. IQdHHd, WKH IHaWXUH SaLUV XQLTXHO\ cRUUHOaWHd dXULQJ acXWH LQIHcWLRQ ZHUH PRUH

OLNHO\ WR bH QHJaWLYHO\ cRUUHOaWHd acURVV VWXd\ SaUWLcLSaQWV cRPSaUHd WR WKRVH VKaUHd ZLWK WKH

XQLQIHcWHd VWaWH (OR 3.80 [2.03-7.42]; Fig. 3.3B-C). FRU H[aPSOH, XQLTXHO\ LQ acXWH ZIKV

LQIHcWLRQ, ZH RbVHUYHd QHJaWLYH cRUUHOaWLRQV bHWZHHQ WKH IUHTXHQc\ RI acWLYaWHd B cHOOV aQd

CD4+ TUHJV (U=-0.86, S_adM=0.002) aQd bHWZHHQ CD69+ CD56dLP NK cHOOV aQd HHOLRV+ Vį2- Ȗį

T cHOOV (U=-0.77, S_adM=0.03; Fig. 3.3E). WH K\SRWKHVL]Hd WKaW WKHVH QHJaWLYHO\ cRUUHOaWHd

IHaWXUHV XQLTXH WR acXWH LQIHcWLRQ UHIOHcWHd LQWHU-LQdLYLdXaO YaULabLOLW\ LQ WKH acXWH-SKaVH LPPXQH

UHVSRQVH. TR LQYHVWLJaWH, ZH SHUIRUPHd KLHUaUcKLcaO cOXVWHULQJ RI WKH acXWH LQIHcWLRQ IHaWXUH

cRUUHOaWLRQ PaWUL[ (Fig. 3.4A), ZKLcK UHYHaOHd WKH SUHVHQcH RI WZR PRdXOHV (PRdXOH 3 aQd

PRdXOH 5) WKaW cRQWaLQHd VHWV RI IHaWXUHV ZKLcK ZHUH LQYHUVHO\ cRUUHOaWHd ZLWK RQH aQRWKHU

(aYHUaJH cRUUHOaWLRQ: U = -0.79). WKLOH WKH PRdXOH 5 LPPXQH VLJQaWXUH ZaV HQULcKHd IRU IHaWXUHV

WKaW UHSUHVHQW acWLYaWHd LQQaWH aQd adaSWLYH LPPXQH cHOO W\SHV, 54% RI ZKLcK ZHUH WUaQVLHQWO\

HOHYaWHd LQ acXWH LQIHcWLRQ, WKH PRdXOH 3 VLJQaWXUH ZaV HQULcKHd IRU IHaWXUHV WKaW UHIOHcW PRUH

c\WRWR[Lc-dLIIHUHQWLaWHd cHOO W\SHV, 91% RI ZKLcK ZHUH ³VWabOH,´ PHaQLQJ WKH\ dLd QRW cKaQJH LQ
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abXQdaQcH LQ WKH cRQWH[W RI acXWH ZIKV LQIHcWLRQ. DXULQJ acXWH LQIHcWLRQ, VRPH LQdLYLdXaOV Kad

a KLJKHU PRdXOH 5 VcRUH, UHIOHcWLQJ d\QaPLc LPPXQH acWLYaWLRQ dXULQJ acXWH ZIKV LQIHcWLRQ,

ZKLOH RWKHUV Kad a KLJKHU PRdXOH 3 VcRUH, VXJJHVWLQJ a PRUH c\WRWR[Lc-dLIIHUHQWLaWHd LPPXQH

VWaWH (Fig. 3.4B). TR dHWHUPLQH WKH cOLQLcaO VLJQLILcaQcH RI WKHVH acXWH-SKaVH VLJQaWXUHV, ZH QH[W

aVNHd LI WKHVH dLVWLQcW acXWH-SKaVH cHOOXOaU LPPXQH VLJQaWXUHV cRXOd SUHdLcW WKH PaJQLWXdH RI

ZIKV QHXWUaOL]LQJ aQWLbRd\ UHVSRQVHV aIWHU LQIHcWLRQ.

TUaQVLHQW E[SaQVLRQ RI AFWLYaWHG CHOO T\SHV LQ AFXWH IQIHFWLRQ PUHGLFWV HLJK NHXWUaOL]LQJ

AQWLERG\ TLWHUV aIWHU ZIKV IQIHFWLRQ

WH RbVHUYHd a OaUJH UaQJH LQ WKH WLWHUV RI ZIKV QHXWUaOL]LQJ aQWLbRdLHV (NT80) WKaW SHUVLVWHd

VHYHUaO PRQWKV aIWHU WKH UHVROXWLRQ RI acXWH LQIHcWLRQ (Fig. 3.1B). IQ RUdHU WR LdHQWLI\ WKH cHOOXOaU

LPPXQH IHaWXUHV dXULQJ acXWH ZIKV LQIHcWLRQ WKaW aVVRcLaWHd ZLWK WKH dHYHORSPHQW RI a KLJK

YHUVXV ORZ ZIKV NT80 WLWHU 6 PRQWKV aIWHU LQIHcWLRQ, ZH aJaLQ IRcXVHd RXU aQaO\VLV RQ

LQdLYLdXaOV VaPSOHd aV HaUO\ aV SRVVLbOH LQ WKH cRXUVH RI LQIHcWLRQ (L.H., ZKR ZHUH ZIKV IJM- aW

WKH LQdH[ YLVLW). SLQcH SULRU H[SRVXUH WR DENV LV aVVRcLaWHd ZLWK VLJQLILcaQWO\ KLJKHU ORQJ-WHUP

ZIKV NT80 aQWLbRd\ WLWHUV ((11) aQd Supplementar\ Fig. 3.5D), ZH aOVR RQO\ H[aPLQHd

LQdLYLdXaOV ZLWK VHURORJLc HYLdHQcH RI SULRU DENV LQIHcWLRQ (ILQaO Q=14). TKHVH LQdLYLdXaOV

ZHUH VHSaUaWHd LQWR ³KLJK´ RU ³ORZ´ 6-PRQWK ZIKV NT80 WLWHU JURXSLQJV baVHd RQ WKH WHUWLOHV RI

WKH 6-PRQWK ZIKV NT80 WLWHUV IURP WKH ZKROH DENV-H[SRVHd REDS-III cRKRUW (ORZ: Q=6, <230,

PLd: Q=3, 230-1240 RU KLJK: Q=5, >1240), ZKLcK ZHUH PHaVXUHd a PHdLaQ RI 181 da\V aIWHU

LQdH[ YLVLW [UaQJH 160-196 da\V]; Fig. 3.5A). OI QRWH, WKHUH ZaV QR VLJQLILcaQW dLIIHUHQcH LQ WKH

aJH (S=0.31) RU VH[ dLVWULbXWLRQ (S=0.53) bHWZHHQ WKH WHUWLOHV.

UVLQJ a UHcHLYHU RSHUaWLQJ cKaUacWHULVWLc (ROC) aQaO\VLV, ZH IRXQd WKaW a PRdXOH

5-VNHZHd VcRUH dXULQJ acXWH LQIHcWLRQ ZaV SUHdLcWLYH RI a KLJK 6-PRQWK ZIKV NT80 WLWHU, ZKLOH a
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PRdXOH 3-VNHZHd VcRUH dXULQJ acXWH LQIHcWLRQ ZaV SUHdLcWLYH RI a ORZ 6-PRQWK WLWHU (aUHa XQdHU

WKH cXUYH [AUC] = 0.800; Fig. 3.5B). TR LQYHVWLJaWH ZKLcK LQdLYLdXaO IHaWXUHV ZHUH SUHdLcWLYH RI

KLJK YHUVXV ORZ 6-PRQWK WLWHUV, ZH UHWXUQHd WR aQ XQbLaVHd aQaO\VLV ZLWK WKH IXOO VHW RI

SKHQRW\SLc IHaWXUHV, H[aPLQLQJ IHaWXUHV ZLWK VLJQLILcaQWO\ dLIIHUHQW IUHTXHQcLHV aW WKH acXWH

WLPHSRLQW bHWZHHQ WKH KLJK aQd ORZ WLWHU LQdLYLdXaOV. WKLOH ZH dLd QRW RbVHUYH aQ aVVRcLaWLRQ

bHWZHHQ WKH IUHTXHQcLHV RI aQWLJHQ VSHcLILc SRSXOaWLRQV (H.J., ASCV RU HLA-DR+CD38+ CD8+

T cHOOV) aW WKH acXWH WLPHSRLQW aQd WKH OHYHO RI ZIKV NT80 aW 6 PRQWKV SRVW-LQIHcWLRQ

(Supplementar\ Fig. 3.5E-F), ZH dLd ILQd XQLTXH VHWV RI IHaWXUHV aVVRcLaWHd ZLWK KLJK YHUVXV

ORZ OHYHOV RI ZIKV WLWHUV.

WH IRXQd WKaW KLJK OHYHOV RI ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV 6 PRQWKV SRVW-LQIHcWLRQ

ZHUH aVVRcLaWHd ZLWK a VLJQLILcaQWO\ KLJKHU IUHTXHQc\ RI 11 cHOOXOaU IHaWXUHV dXULQJ acXWH

LQIHcWLRQ (H.J., CD86+ CD14-CD16+ PRQRc\WHV aQd SDCV, CD40+ CD14+ PRQRc\WHV aQd

cDCV, CD69+ NK cHOOV, CD38+ TK1 aQd TIK CD4+ T cHOOV, aQd CD86+ aV ZHOO aV KL-67+ DN B

cHOOV; Fig. 3.5C-D). TKHVH LQcOXdHd PXOWLSOH acWLYaWHd cHOO W\SHV, HLJKW RI ZKLcK ZHUH cRQWaLQHd

ZLWKLQ PRdXOH 5. SL[ RI WKH 11 IHaWXUHV aVVRcLaWHd ZLWK WKH KLJK WLWHU JURXS ZHUH VSHcLILcaOO\

H[SaQdHd LQ acXWH LQIHcWLRQ (LQdLcaWHd aV ³CKaQJLQJ´). TKHVH IHaWXUHV aOVR WHQdHd WR bH ORZ LQ

IUHTXHQc\ LQ XQLQIHcWHd LQdLYLdXaOV (VHH OLJKWHU JUHHQ cRORUV LQ ³UQLQIHcWHd [UI] MHaQ´

cROXPQ). TRJHWKHU, WKHVH daWa VXJJHVW WKaW KLJK 6-PRQWK ZIKV NT80 WLWHUV aUH aVVRcLaWHd ZLWK

URbXVW bXW WUaQVLHQW H[SaQVLRQ RI VSHcLILc, dLYHUVH acWLYaWHd cHOOXOaU IHaWXUHV dXULQJ WKH acXWH

SKaVH RI LQIHcWLRQ.

A C\WRWR[LF IPPXQH SHW PRLQW PUHGLFWV LRZ NHXWUaOL]LQJ AQWLERG\ TLWHUV aIWHU ZIKV IQIHFWLRQ

IQ cRQWUaVW, LQdLYLdXaOV ZLWK ORZ WLWHUV RI QHXWUaOL]LQJ ZIKV aQWLbRdLHV 6 PRQWKV aIWHU LQIHcWLRQ

Kad aQ acXWH LQIHcWLRQ LPPXQH VLJQaWXUH dHILQHd b\ KLJKHU IUHTXHQcLHV RI c\WRWR[Lc T cHOO
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IHaWXUHV. TKHVH LQcOXdHd KLJKHU GUaQ]\PH B H[SUHVVLRQ LQ TcWO CD4+ T cHOOV, a OaUJHU TEMRA

SRSXOaWLRQ LQ CD8+ T cHOOV, KLJKHU ERPHVRdHUPLQ H[SUHVVLRQ LQ QRQ-QawYH CD8+ T cHOOV, a

KLJKHU RYHUaOO IUHTXHQc\ RI QRQ-QawYH Vį2- Ȗį T cHOOV, aQd a KLJKHU IUHTXHQc\ RI QRQ-QawYH Vį2-

Ȗį T cHOOV WKaW H[SUHVV GUaQ]\PH B, T-bHW aQd HHOLRV (Fig. 3.5C,E). MRVW (8 RI 9) RI WKH ORZ

WLWHU-aVVRcLaWHd IHaWXUHV ZHUH cRQWaLQHd ZLWKLQ WKH VWabOH, c\WRWR[Lc-VNHZHd PRdXOH 3. UQOLNH WKH

cHOOXOaU IHaWXUHV aVVRcLaWHd ZLWK KLJK 6-PRQWK NT80 WLWHUV, PRVW RI WKH IHaWXUHV aVVRcLaWHd ZLWK

ORZ 6-PRQWK NT80 WLWHUV ZHUH SUHVHQW aW KLJK baVHOLQH abXQdaQcH LQ XQLQIHcWHd LQdLYLdXaOV (VHH

daUNHU JUHHQ/bOXH cRORUV LQ WKH ³UQLQIHcWHd MHaQ´ cROXPQ), aQd PRVW (8 RI 9) ZHUH QRW

d\QaPLcaOO\ UHJXOaWHd RYHU WKH cRXUVH RI ZIKV LQIHcWLRQ. TKLV VXSSRUWHd WKH QRWLRQ WKaW WKH

c\WRWR[Lc-VNHZHd LPPXQH VLJQaWXUH aVVRcLaWHd ZLWK WKH dHYHORSPHQW RI ORZ QHXWUaOL]LQJ

aQWLbRd\ WLWHUV UHSUHVHQWV a dLVWLQcW aQd VWabOH LPPXQRORJLc VHW SRLQW. A KLJKHU IUHTXHQc\ RI

c\WRWR[Lc-dLIIHUHQWLaWHd T cHOOV caQ UHOaWH WR a KLVWRU\ RI LQIHcWLRQ ZLWK RWKHU YLUXVHV, LQ SaUWLcXOaU

c\WRPHJaORYLUXV (CMV), aQd a SRVLWLYH CMV VHURVWaWXV caQ bH aVVRcLaWHd ZLWK LPSaLUHd

UHVSRQVH WR YaccLQaWLRQ (53±55). HRZHYHU, CMV VHURSRVLWLYLW\ ZaV QRW VLJQLILcaQWO\ aVVRcLaWHd

ZLWK WKH dHYHORSPHQW RI ORZ ZIKV NT80 WLWHUV LQ RXU cRKRUW (S=0.29).

TR dHWHUPLQH WKH SUHdLcWLYH SRZHU RI WKH KLJK aQd ORZ WLWHU-aVVRcLaWHd IHaWXUHV, ZH aJaLQ

SHUIRUPHd aQ ROC aQaO\VLV aQd IRXQd WKaW aOO RI WKH acXWH LQIHcWLRQ cHOOXOaU LPPXQH IHaWXUHV

aVVRcLaWHd ZLWK KLJK RU ORZ aQWLbRd\ WLWHUV aOVR UHOLabO\ SUHdLcWHd WKHVH WZR RXWcRPHV LQ WKLV

cRKRUW (PLQLPXP AUC=0.833; Fig. 3.5F). IQWHUHVWLQJO\, VHYHUaO RI WKH ORZ WLWHU-aVVRcLaWHd

IHaWXUHV aW WKH OaWH cRQYaOHVcHQW WLPHSRLQW, aIWHU WKH UHVROXWLRQ RI LQIHcWLRQ, UHPaLQHd aVVRcLaWHd

ZLWK aQd ZHUH SUHdLcWLYH RI ORZ 6-PRQWK ZIKV NT80 WLWHUV (Fig. 3.5C, bOacN LQ ³LaWH

CRQYaOHVcHQcH´ cROXPQ, aQd Fig. 3.5G). CROOHcWLYHO\, RXU daWa VXJJHVW WKaW KLJK 6-PRQWK ZIKV

NT80 WLWHUV aUH SUHdLcWHd b\ aQ LPPXQH VWaWH RI WUaQVLHQWO\ H[SaQdHd, KLJKO\ acWLYaWHd LPPXQH
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cHOO IHaWXUHV dXULQJ acXWH LQIHcWLRQ. IQ cRQWUaVW, ORZ 6-PRQWK ZIKV NT80 WLWHUV aUH LQVWHad

SUHdLcWHd b\ a dLVWLQcW ³LPPXQH VHW SRLQW´ cKaUacWHUL]Hd b\ a VWabOH, KLJK IUHTXHQc\ RI

c\WRWR[Lc-dLIIHUHQWLaWHd T cHOO SRSXOaWLRQV WKaW aUH QRW d\QaPLcaOO\ UHJXOaWHd dXULQJ acXWH ZIKV

LQIHcWLRQ (Fig. 3.6).

Discussion

WH SUHVHQW KHUH a dHHS cKaUacWHUL]aWLRQ b\ PaVV c\WRPHWU\ RI d\QaPLc cHOOXOaU LPPXQH

UHVSRQVHV WR acXWH ZIKV LQIHcWLRQ LQ KXPaQ adXOWV. LHYHUaJLQJ a ZHOO-cKaUacWHUL]Hd ORQJLWXdLQaO

cRKRUW RI LQdLYLdXaOV ZLWK YLUHPLc ZIKV LQIHcWLRQ, ZH IRXQd WKaW acXWH ZIKV LQIHcWLRQ dLd QRW

LPSacW WKH IUHTXHQc\ RI PRVW PaMRU cHOOXOaU LPPXQH SRSXOaWLRQV. HRZHYHU, VPaOO SRSXOaWLRQV RI

KLJKO\ acWLYaWHd LQQaWH aQd adaSWLYH LPPXQH cHOOV ZHUH cRRUdLQaWHO\ aQd WUaQVLHQWO\ H[SaQdHd

dXULQJ acXWH LQIHcWLRQ, aQd dLVWLQcW acXWH-SKaVH LPPXQH VLJQaWXUHV SUHdLcWHd WKH SHUVLVWHQcH RI

KLJK YHUVXV ORZ ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV VL[ PRQWKV aIWHU WKH UHVROXWLRQ RI LQIHcWLRQ.

OXU ILQdLQJV bXLOd XSRQ a VPaOO bXW JURZLQJ OLWHUaWXUH dHVcULbLQJ cHOOXOaU LPPXQH UHVSRQVHV LQ

acXWH YLUaO LQIHcWLRQ LQ KXPaQV (31,46,47,49,56±66), aQd WKH\ VXJJHVW LPPXQRORJLc VWaWHV WR

WaUJHW LQ RUdHU WR HQKaQcH WKH HIILcac\ RI aQWLYLUaO YaccLQHV.

OXU aQaO\VLV RI cHOOXOaU acWLYaWLRQ VWaWHV HQabOHd XV WR SUHcLVHO\ dHOLQHaWH aQd

cKaUacWHUL]H WKH cRRUdLQaWLRQ bHWZHHQ LQQaWH aQd adaSWLYH LPPXQH cHOO SRSXOaWLRQV WKaW UHVSRQd

WR acXWH ZIKV LQIHcWLRQ. IQ SULRU VWXdLHV, acXWH ZIKV LQIHcWLRQ KaV bHHQ aVVRcLaWHd ZLWK

acWLYaWLRQ RI VRPH LQQaWH LPPXQH cHOO W\SHV (38) aQd, LQ cKLOdUHQ, aQ LQcUHaVH LQ WKH IUHTXHQc\ RI

PRQRc\WH SRSXOaWLRQV WKaW aUH aOVR a WaUJHW IRU YLUaO LQIHcWLRQ in vivo (37,45). IQ RXU VWXd\ LQ

adXOWV, ZH RbVHUYHd QRW RQO\ a VLPLOaU H[SaQVLRQ RI LQWHUPHdLaWH CD14+CD16+ PRQRc\WHV

dXULQJ acXWH LQIHcWLRQ, bXW aOVR a WUaQVLHQW LQcUHaVH LQ a VXLWH RI acWLYaWLRQ PaUNHUV RQ WKLV cHOO

W\SH LQ WKH acXWH SKaVH. AddLWLRQaOO\, ZH LdHQWLILHd a cOXVWHU RI CD14+ PRQRc\WHV WKaW ZHUH
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SUHVHQW aW a KLJKHU IUHTXHQc\ dXULQJ acXWH LQIHcWLRQ (c49) ZLWK dLVWLQcW cR-UHJXOaWHd PaUNHUV

dHQRWLQJ SUROLIHUaWLRQ, acWLYaWLRQ RU dLIIHUHQWLaWLRQ VWaWHV. APRQJVW adaSWLYH LPPXQH cHOOV,

HLA-DR+CD38+ QRQ-QawYH CD8+ T cHOOV ZHUH H[SaQdHd aW WKH acXWH WLPH SRLQW, cRQVLVWHQW

ZLWK RWKHU acXWH YLUaO LQIHcWLRQV (31,46,47). WH IRXQd WKaW WKHVH cHOOV ZHUH cRQWaLQHd LQ WKUHH

dLVWLQcW cOXVWHUV RI cHOOV WKaW cR-H[SUHVV dLIIHUHQW cRPbLQaWLRQV RI acWLYaWLRQ PaUNHUV. AcXWH

ZIKV LQIHcWLRQ ZaV aOVR aVVRcLaWHd ZLWK acWLYaWLRQ RI TK1 aQd TcWO T cHOO CD4+ T cHOO VXbVHWV.

FLQaOO\, XVLQJ JaWLQJ VWUaWHJLHV WR LdHQWLI\ SRSXOaWLRQV RI B cHOOV HQULcKHd IRU aQWLJHQ-VSHcLILc

cHOOV LQ RWKHU LQIHcWLRQV (49,67), ZH LdHQWLILHd aQ H[SaQVLRQ RI TbHW+ ASCV dXULQJ acXWH ZIKV

LQIHcWLRQ.

OXU VWXd\ dHVcULbHV WKH dLYHUVH aQd cRRUdLQaWHd acWLYaWLRQ RI cHOOXOaU LPPXQH UHVSRQVHV

dXULQJ acXWH ZIKV LQIHcWLRQ LQ KXPaQ adXOWV. CRPSaUHd WR WKH baVHOLQH cRUUHOaWLRQV WKaW H[LVW LQ

WKH XQLQIHcWHd VWaWH, ZH IRXQd WKaW acXWH ZIKV LQIHcWLRQ dURYH QHZ cRRUdLQaWLRQ bHWZHHQ

dLIIHUHQW LPPXQH cHOO W\SHV aQd acURVV WKH LQQaWH aQd adaSWLYH LPPXQH V\VWHP. TKH cRUUHOaWLRQV

XQLTXH WR acXWH ZIKV LQIHcWLRQ (H.J., SRVLWLYH cRUUHOaWLRQV LQ WKH SURSRUWLRQ RI CD38+ SDCV aQd

CD38+ TK1 CD4+ T cHOOV, RU bHWZHHQ CD40+ cDCV aQd KL-67+ DN B cHOOV) Pa\ UHIOHcW

LQWHUacWLRQV WKaW aUH HVVHQWLaO WR PRXQW a SURdXcWLYH aQWLYLUaO LPPXQH UHVSRQVH. FXUWKHU

H[SORUaWLRQ RI WKH cRUUHOaWHd IHaWXUHV LQ acXWH LQIHcWLRQ UHYHaOHd WZR dLVWLQcW PRdXOHV WKaW ZHUH

LQYHUVHO\ cRUUHOaWHd: RQH (PRdXOH 5) cRQWaLQHd IHaWXUHV UHIOHcWLQJ WUaQVLHQWO\ HOHYaWHd acWLYaWHd

cHOO SRSXOaWLRQV ZKLOH WKH VHcRQd (PRdXOH 3) cRQWaLQHd IHaWXUHV UHIOHcWLQJ VWabOH/XQcKaQJLQJ

c\WRWR[Lc cHOO SRSXOaWLRQV. RHPaUNabO\, WKHVH WZR acXWH LQIHcWLRQ LPPXQH VLJQaWXUHV, ZKLcK ZH

LdHQWLILHd XVLQJ aQ XQbLaVHd aQaO\VLV aSSURacK, aSSHaU WR WUXO\ UHIOHcW dLVWLQcW LPPXQH VWaWHV WKaW

dLIIHUHQWLaOO\ LPSacW aQd SUHdLcW WKH dHYHORSPHQW aQd PaLQWHQaQcH RI KLJK QHXWUaOL]LQJ aQWLbRd\

UHVSRQVHV.
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HLJK WLWHUV RI ZIKV QHXWUaOL]LQJ aQWLbRdLHV aUH OLNHO\ cULWLcaO IRU SURWHcWLYH LPPXQLW\ LQ

KXPaQV, aQd WKH\ aUH a NH\ WaUJHW IRU ZIKV YaccLQHV (68). SL[ PRQWKV IROORZLQJ LQIHcWLRQ,

SaUWLcLSaQWV acURVV RXU cRKRUW Kad a JUHaWHU WKaQ 100-IROd dLIIHUHQcH LQ ZIKV QHXWUaOL]LQJ

aQWLbRd\ WLWHUV. OWKHU WKaQ a SRVLWLYH aVVRcLaWLRQ ZLWK SULRU DENV VHURVWaWXV RbVHUYHd KHUH aQd

LQ RWKHU VWXdLHV (11), OLWWOH LV NQRZQ abRXW ZKaW SaUaPHWHUV SUHdLVSRVH VRPH LQdLYLdXaOV WR

PaLQWaLQ KLJKHU YHUVXV ORZHU ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV. IQWHUHVWLQJO\, aV KaV bHHQ

RbVHUYHd LQ SARS-CRV-2 LQIHcWLRQ (31), WKH IUHTXHQc\ RI aQWLbRd\ VHcUHWLQJ cHOOV dXULQJ acXWH

ZIKV LQIHcWLRQ dLd QRW cRUUHOaWH ZLWK aQWLbRd\ OHYHOV LQ cRQYaOHVcHQcH. WH dLd, KRZHYHU, ILQd

VHYHUaO RWKHU acXWH-SKaVH cHOOXOaU IHaWXUHV WKaW ZHUH aVVRcLaWHd ZLWK aQd SUHdLcWLYH RI KLJK YHUVXV

ORZ QHXWUaOL]LQJ aQWLbRd\ WLWHUV, PaQ\ RI ZKLcK KaYH SOaXVLbOH UROHV LQ aXJPHQWLQJ a SURdXcWLYH

B cHOO UHVSRQVH. FRU H[aPSOH, CD86 H[SUHVVLRQ RQ SDCV aQd PRQRc\WHV aQd CD40 H[SUHVVLRQ

RQ cDCV aQd PRQRc\WHV caQ PHdLaWH HQKaQcHd aQWLJHQ SUHVHQWaWLRQ WR aQd SULPLQJ RI KHOSHU

CD4+ T cHOOV, IFNȖ SURdXcHd b\ acWLYaWHd TK1 cHOOV RU NK cHOOV caQ SURPRWH B cHOO acWLYaWLRQ,

aQd acWLYaWHd TIK CD4+ T cHOOV caQ SURYLdH dLUHcW KHOS WR dLIIHUHQWLaWLQJ B cHOOV. FXUWKHU

LQYHVWLJaWLRQ cRXOd HOXcLdaWH ZKHWKHU URbXVW LQdXcWLRQ RI WKHVH VaPH acWLYaWHd cHOO SRSXOaWLRQV

aOVR SUHdLcWV WKH ORQJ-WHUP LPPXQRJHQLcLW\ RI YaccLQHV IRU ZIKV aQd RWKHU YLUaO LQIHcWLRQV.

IQ cRQWUaVW WR WKH d\QaPLcaOO\ UHJXOaWHd acXWH-SKaVH cHOOXOaU LPPXQH IHaWXUHV aVVRcLaWHd

ZLWK KLJK ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV, a KLJKHU IUHTXHQc\ RI T cHOOV ZLWK c\WRWR[Lc

dLIIHUHQWLaWLRQ IHaWXUHV ZHUH aVVRcLaWHd ZLWK ORZ 6-PRQWK ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV aQd

SUHdLcWLYH RI OHYHOV RI 6-PRQWK ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV. MRVW RI WKHVH IHaWXUHV dLd QRW

d\QaPLcaOO\ cKaQJH RYHU WKH cRXUVH RI LQIHcWLRQ aQd ZHUH WKHPVHOYHV LQYHUVHO\ cRUUHOaWHd ZLWK

WKH cHOOXOaU LPPXQH IHaWXUHV aVVRcLaWHd ZLWK KLJK 6-PRQWK ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV

(VLPLOaU WR WKH LQYHUVH cRUUHOaWLRQ bHWZHHQ PRdXOHV 3 aQd 5 LQ WKH cRUUHOaWLRQ PaWUL[). SHYHUaO RI
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WKH ORZ WLWHU-aVVRcLaWHd c\WRWR[Lc IHaWXUHV ZHUH aOVR SUHVHQW aW KLJKHU OHYHOV LQ WKH ORZ WLWHU

LQdLYLdXaOV 3-6 PRQWKV aIWHU UHVROXWLRQ RI WKH LQIHcWLRQ, VXJJHVWLQJ WKaW WKH\ Pa\ UHSUHVHQW a

VWabOH bLRORJLcaO VWaWH WKaW LV OLNHO\ UHIOHcWLYH RI WKHLU KLVWRU\ RI SULRU aQWLJHQ HQcRXQWHUV. TKLV

VWaWH LV dLVWLQcW IURP WKH VPaOO SRSXOaWLRQV RI YLUXV-VSHcLILc (H.J., HLA-DR+CD38+) T cHOOV WKaW

aUH WUaQVLHQWO\ H[SaQdHd LQ acXWH LQIHcWLRQ (31,46,47). TKH VWabLOLW\ RI WKHVH IHaWXUHV VXJJHVWV

WKaW a c\WRWR[Lc LPPXQH ³VHW SRLQW´ Pa\ LdHQWLI\ LQdLYLdXaOV SUHdLVSRVHd WR KaYH a bOXQWHd

acWLYaWLRQ UHVSRQVH WR acXWH LQIHcWLRQ WKaW WKHQ OHadV WR LPSaLUHd QHXWUaOL]LQJ aQWLbRd\ UHVSRQVHV.

IQ JHQHUaO, a PRUH c\WRWR[Lc-VNHZHd T cHOO cRPSaUWPHQW caQ bH a VLJQ RI LPPXQH VHQHVcHQcH,

ZKLcK caQ LQ WXUQ bH aVVRcLaWHd ZLWK a UHdXcHd caSacLW\ WR JHQHUaWH IXQcWLRQaO aQWLJHQ-VSHcLILc

UHVSRQVHV aIWHU YaccLQaWLRQ (53,55). TKXV, LQ addLWLRQ WR LdHQWLI\LQJ caQdLdaWH bLRPaUNHUV RI a

³UHVSRQVLYH´ LPPXQH VLJQaWXUH WKaW Pa\ bH XVHIXO IRU SUHdLcWLQJ WKH IRUPaWLRQ RI a URbXVW

QHXWUaOL]LQJ aQWLbRd\ UHVSRQVH WR RWKHU LQIHcWLRQV RU YaccLQaWLRQ, RXU VWXd\ aOVR SURYLdHV LQVLJKW

LQWR SRWHQWLaO PaUNHUV RI aQ LPPXQH VWaWH WKaW LPSaLUV WKH IRUPaWLRQ RI SURWHcWLYH LPPXQLW\ aIWHU

acXWH YLUaO LQIHcWLRQ. FXWXUH VWXdLHV VKRXOd H[SORUH WKH JHQHUaOL]abLOLW\ RI RXU ILQdLQJV WR RWKHU

LQIHcWLRQV aQd YaccLQaWLRQ aQd WKH XQdHUO\LQJ caXVHV RI WKHVH dLVWLQcW LPPXQH VLJQaWXUHV.

OXU VWXd\ SURYLdHV a ILUVW LQ-dHSWK cKaUacWHUL]aWLRQ RI WKH cHOOXOaU LPPXQH UHVSRQVH WR

acXWH ZIKV LQIHcWLRQ LQ KXPaQ adXOWV aQd UHOaWHV dLVWLQcW acXWH-SKaVH cHOOXOaU LPPXQH VLJQaWXUHV

WR WKH dHYHORSPHQW RI KLJK- RU ORZ-WLWHUV RI dXUabOH QHXWUaOL]LQJ aQWLbRdLHV. OXU aSSURacK RIIHUV

a SRZHUIXO WRRO WR WHVW ZKHWKHU WKHVH IHaWXUHV aOVR SUHdLcW LPPXQRJHQLcLW\ RI YaccLQHV IRU ZIKV

aQd RWKHU YLUaO LQIHcWLRQV, VXcK aV SARS-CRV-2, IRU ZKLcK QHXWUaOL]LQJ aQWLbRdLHV SOa\ a PaMRU

UROH LQ SURWHcWLRQ. OXU ILQdLQJV VXJJHVW WKaW WaUJHWHd WKHUaSHXWLc aSSURacKHV LQ LQdLYLdXaOV

SUHdLcWHd WR KaYH SRRU QHXWUaOL]LQJ aQWLbRd\ UHVSRQVHV WR YaccLQaWLRQ (H.J., dLIIHUHQW adMXYaQWV RU
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a KLJKHU dRVH RI YaccLQH) PLJKW LQcUHaVH acXWH-SKaVH LPPXQH acWLYaWLRQ aQd VXbVHTXHQWO\

SURPRWH HQKaQcHd ORQJ-WHUP SURWHcWLYH aQWLYLUaO LPPXQLW\.

OXU VWXd\ KaV VRPH LPSRUWaQW OLPLWaWLRQV. AOWKRXJK ZH KaYH PadH aQ HIIRUW WR cRQWURO

IRU WKH YaULaQcH LQWURdXcHd b\ VaPSOLQJ WLPH, LW ZaV QRW SRVVLbOH WR aOLJQ SaUWLcLSaQWV accRUdLQJ

WR WKH H[acW daWH WKH\ ZHUH LQIHcWHd. OXU VWXd\ LQcOXdHd RQO\ RWKHUZLVH KHaOWK\ LQdLYLdXaOV ZKR

SUHVHQWHd IRU YROXQWHHU bORRd dRQaWLRQ aQd dRHV QRW LQcOXdH SUHJQaQW LQdLYLdXaOV RU LQIaQWV, ZKR

aUH NH\ SRSXOaWLRQV aIIHcWHd b\ WKLV LQIHcWLRQ. FLQaOO\, ZKLOH LW LV OLNHO\ WKaW QHXWUaOL]LQJ

aQWLbRdLHV SOa\ a NH\ UROH LQ LPPXQRORJLc SURWHcWLRQ IURP ZIKV (69), a WLWHU WKaW cRUUHOaWHV ZLWK

SURWHcWLRQ LQ KXPaQV KaV QRW \HW bHHQ LdHQWLILHd (14) aQd RWKHU aQWLbRd\ IXQcWLRQV (70) aQd/RU

RWKHU W\SHV RI LPPXQH UHVSRQVHV (17,19,71), Pa\ aOVR bH cULWLcaO IRU URbXVW SURWHcWLRQ.
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Figure 3.1 Acute infection with ZIKV elicits profound phenot\pic changes across
peripheral blood cellular immune populations
(A) 25 adXOWV YLUHPLc ZLWK acXWH ZIKV LQIHcWLRQ aW WKH WLPH RI bORRd dRQaWLRQ (³LQdH[ YLVLW´) Kad
SHULSKHUaO bORRd VaPSOLQJ aW XS WR WKUHH WLPHSRLQWV: acXWH SKaVH RI LQIHcWLRQ, HaUO\ aQd/RU OaWH
cRQYaOHVcHQcH (VHH TabOH 3.2 IRU cOLQLcaO cKaUacWHULVWLcV). (B) POaVPa ZIKV YLUaO ORad (VL),
QHXWUaOL]LQJ aQWLbRd\ WLWHUV (NT80), aQd WRWaO IJG aQd IJM OHYHOV RI VWXd\ cRKRUW SaUWLcLSaQWV. RHd
OLQH cRQQHcWV PHdLaQ YaOXHV aW HacK VaPSOLQJ WLPHSRLQW (+/- 95% CRQILdHQcH IQWHUYaO, CI). (C)
DLUHcWHd OLQH SORWV IRU HacK SaUWLcLSaQW LQ PCA VSacH IURP HaUO\ WR OaWHU WLPHSRLQWV. BOacN
WULaQJOHV dHQRWH 8 XQLQIHcWHd cRQWURO VaPSOHV. (D) ScaWWHUSORWV RI da\V VLQcH LQdH[ YLVLW aW WKH
acXWH WLPHSRLQW aQd WKH YaOXH RI PC1 aW WKH acXWH WLPHSRLQW RU WKH WRWaO dLVWaQcH WUaYHOHd LQ PCA
VSacH bHWZHHQ WKH acXWH aQd OaWH cRQYaOHVcHQW WLPHSRLQWV (SSHaUPaQ¶V cRUUHOaWLRQ ZLWK
UHJUHVVLRQ OLQH). (E) HHaWPaS VKRZLQJ WKH ]-VcRUH QRUPaOL]Hd IUHTXHQc\ RI WKH ORJ-adMXVWHd
IHaWXUH abXQdaQcHV IRU WKH PaQXaOO\ JaWHd SKHQRW\SLc IHaWXUHV WKaW cKaQJH VLJQLILcaQWO\ RYHU
WLPH (VHH TabOH 3.3 IRU OLVW RI IHaWXUHV aVVHVVHd). (F) SCAFFRLD PaSV VKRZLQJ cOXVWHUV RI cHOOV
aVVRcLaWHd ZLWK OaQdPaUN cHOO SRSXOaWLRQ QRdHV (bOacN dRWV). COXVWHUV WKaW VLJQLILcaQWO\ cKaQJH LQ
abXQdaQcH bHWZHHQ WKH acXWH aQd OaWH cRQYaOHVcHQW WLPHSRLQWV aUH OabHOHd: LQcUHaVH (UHd),
dHcUHaVH (bOXH), RU LQcUHaVH aQd WKHQ dHcUHaVH (JUHHQ). (G) HHaWPaS VKRZLQJ WKH QRUPaOL]Hd
abXQdaQcH RI WKH cOXVWHUV (]-VcRUH baVHd RQ % RI SaUHQW cHOO W\SH SRSXOaWLRQ) WKaW cKaQJH
VLJQLILcaQWO\. SLJQLILcaQcH LQ (E-G) baVHd RQ OLQHaU PL[Hd HIIHcWV (LME) PRdHO ILW ZLWK
S_adM<0.05. SHH aOVR Supplementar\ Figure 3.1 aQd Table 3.2-3.3.
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Figure 3.2 Transient accumulation of activated immune cells during acute ZIKV infection
(A) FUHTXHQc\ (aV a % RI WRWaO OLYH cHOOV) aQd SKHQRW\SH (]-VcRUHd SURSRUWLRQ RI cHOOV WKaW
H[SUHVV HacK PaUNHU) RI CD14+CD16+ PRQRc\WHV acURVV WKH cRXUVH RI acXWH aQd UHVROYLQJ
ZIKV LQIHcWLRQ. (B) HHaWPaS VKRZLQJ ]-VcRUH QRUPaOL]Hd PHdLaQ H[SUHVVLRQ RI LQdLcaWHd
PaUNHUV (URZV) IRU HacK PRQRc\WH-aVVRcLaWHd cHOO cOXVWHU (cROXPQV). CROXPQ aQQRWaWLRQ
LQdLcaWHV cOXVWHUV WKaW VLJQLILcaQWO\ dHcUHaVH (bOXH), LQcUHaVH (UHd), LQcUHaVH aQd WKHQ dHcUHaVH
(JUHHQ), RU UHPaLQ XQcKaQJHd (JUa\) LQ abXQdaQcH (aV a % RI CD14+ PRQRc\WHV; S_adM<0.05).
(C) CKaQJH LQ abXQdaQcH RI CD14+ PRQRc\WH cOXVWHU 49 (aV a % RI CD14+ PRQRc\WHV;
S_adM=0.0002; OHIW) aQd SSHaUPaQ¶V cRUUHOaWLRQ PaWUL[ RI PaUNHU H[SUHVVLRQ RQ VLQJOH cHOOV LQ
CD14+ PRQRc\WH cOXVWHU 49 IURP acXWH YLVLW VaPSOHV (ULJKW). (D) GaWLQJ VcKHPH IRU QRQ-QawYH
CD8+ T cHOOV WKaW cR-H[SUHVV HLA-DR aQd CD38. PHUcHQWaJHV VKRZQ aUH % RI SaUHQW
SRSXOaWLRQV LQ SORWWHd VaPSOH. (E) FUHTXHQc\ (aV a % RI QRQ-QawYH CD8+ T cHOOV) aQd SKHQRW\SH
(]-VcRUHd SURSRUWLRQ RI cHOOV WKaW H[SUHVV HacK PaUNHU) RI HLA-DR+CD38+ QRQ-QawYH CD8+ T
cHOOV acURVV WKH cRXUVH RI acXWH aQd UHVROYLQJ ZIKV LQIHcWLRQ. (F) PKHQRW\SH (]-VcRUHd PHdLaQ
H[SUHVVLRQ RI HacK PaUNHU) RI CD8+ T cHOO cOXVWHUV WKaW VLJQLILcaQWO\ dHcUHaVH (bOXH), LQcUHaVH
(UHd), LQcUHaVH aQd WKHQ dHcUHaVH (JUHHQ), RU UHPaLQ XQcKaQJHd (JUa\) LQ abXQdaQcH. (G) GaWLQJ
VcKHPH IRU B cHOO VXbVHWV, LQcOXdLQJ acWLYaWHd aQd aQWLbRd\ VHcUHWLQJ B cHOOV (ABC aQd ASC,
UHVSHcWLYHO\). PHUcHQWaJHV VKRZQ aUH % RI SaUHQW SRSXOaWLRQV LQ WKH SORWWHd VaPSOH. (H)
FUHTXHQc\ (aV a % RI QRQ-QawYH B cHOOV) aQd SKHQRW\SH RI acWLYaWHd B cHOOV (ABCV) aQd
aQWLbRd\-VHcUHWLQJ cHOOV (ASCV) acURVV WKH cRXUVH RI acXWH aQd UHVROYLQJ ZIKV LQIHcWLRQ.
S_adM<0.05). *S_adM<0.05, **S_adM<0.01, ***S_adM<0.001. A, C, E, H: RHd OLQH cRQQHcWV
PHdLaQ YaOXHV aW HacK VaPSOLQJ WLPHSRLQW (+/- 95% CI). UI=XQLQIHcWHd. N=25 SaUWLcLSaQWV. SHH
aOVR Supplementar\ Figure 3.3-3.5.
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Figure 3.3 Coordinated activation across different cell t\pes in acute ZIKV infection
(A) ScaWWHUSORW RI WKH IUHTXHQc\ RI ASC B cHOOV aQd CD38+HLA-DR+ CD8+ T cHOOV LQ acXWH
ZIKV LQIHcWLRQ ZLWK UHJUHVVLRQ OLQH. (B) NXPbHU RI VLJQLILcaQW (S_adM<0.05) SRVLWLYH aQd
QHJaWLYH cRUUHOaWLRQV bHWZHHQ cHOOXOaU LPPXQH IHaWXUHV WKaW aUH SUHVHQW LQ acXWH ZIKV LQIHcWLRQ,
JURXSHd b\ WKRVH WKaW aUH ³XQLTXH´ WR ZIKV YHUVXV WKRVH ³VKaUHd´ ZLWK WKH XQLQIHcWHd (UI)
cRKRUW. (C) OddV UaWLR (+/- 95% CI) WKaW cHOOXOaU LPPXQH IHaWXUH cRUUHOaWLRQV XQLTXH WR ZIKV
LQIHcWLRQ aUH PRUH OLNHO\ WR bH aVVRcLaWHd ZLWK dLIIHUHQW cRUUHOaWLRQ aWWULbXWHV (cRPSaUHd WR WKH
cRUUHOaWLRQV VKaUHd ZLWK WKH UI cRKRUW). CRUUHOaWLRQ SORWV RI VHOHcW IHaWXUHV XQLTXHO\ cRUUHOaWHd LQ
acXWH ZIKV LQIHcWLRQ (SSHaUPaQ¶V U ZLWK cRUUHOaWLRQ OLQH): (D) adaSWLYH-WR-LQQaWH LPPXQH
IHaWXUHV, (E) QHJaWLYHO\ cRUUHOaWHd IHaWXUHV. N=17 SaUWLcLSaQWV (aQWL-ZIKV IJM- aW LQdH[ YLVLW).
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Figure 3.4 Correlated immune cell features during acute ZIKV infection
(A) CRUUHOaWLRQ KHaWPaS dHSLcWLQJ SSHaUPaQ¶V cRUUHOaWLRQ YaOXHV (QR VLJQLILcaQcH cXW-RII) RI aOO
PaQXaOO\ JaWHd IHaWXUHV IURP acXWH ZIKV LQIHcWLRQ, UHSUHVHQWLQJ WKH 17 SaUWLcLSaQWV ZKR ZHUH
ZIKV IJM- ("SUH-IJM") aW WKH LQdH[ YLVLW. HLHUaUcKLcaO cOXVWHULQJ ZaV XVHd WR JURXS cHOOXOaU
IHaWXUHV LQWR ILYH PRdXOHV. NHJaWLYHO\ cRUUHOaWHd PRdXOHV 3 aQd 5 aUH LQdLcaWHd ZLWK bROd
RXWOLQH. (B) DLVWULbXWLRQ RI (PRdXOH 5 VcRUH - PRdXOH 3 VcRUH) YaOXHV aW WKH acXWH YLVLW aPRQJVW
WKH SUH-IJM VWXd\ SaUWLcLSaQWV. N=17 SaUWLcLSaQWV (aQWL-ZIKV IJM- aW LQdH[ YLVLW). SHH aOVR
Supplementar\ Figure 3.5.
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Figure 3.5 Distinct cellular immune signatures are associated with the development of high
versus low ZIKV neutrali]ing antibod\ titers 6 months after infection
(A) ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV (NT80) PHaVXUHd aSSUR[LPaWHO\ 6 PRQWKV SRVW-LQdH[ YLVLW
LQ WKH RYHUaOO REDS-III VWXd\ SaUWLcLSaQWV (JUa\ dRWV) aQd WKH VXb-cRKRUW VWXdLHd KHUH (bOacN
dRWV). PaUWLcLSaQWV ZHUH dLYLdHd LQWR WHUWLOHV baVHd RQ WKHVH YaOXHV. (B) RHcHLYHU RSHUaWLQJ
cKaUacWHULVWLc (ROC) cXUYH IRU SUHdLcWLQJ KLJK- YHUVXV ORZ-WLWHU LQdLYLdXaOV XVLQJ WKH dLIIHUHQcH
bHWZHHQ WKH acXWH-SKaVH PRdXOH 5 aQd PRdXOH 3 VLJQaWXUH VcRUHV. (C) HHaWPaS VKRZLQJ ]-VcRUH
QRUPaOL]Hd abXQdaQcH aW WKH acXWH YLVLW IRU cHOOXOaU IHaWXUHV WKaW ZHUH VLJQLILcaQWO\ (S_adM<0.05)
LQcUHaVHd LQ KLJK YHUVXV ORZ 6-PRQWK NT80 WLWHU SaUWLcLSaQWV aW WKH acXWH WLPHSRLQW. RRZ
aQQRWaWLRQV IRU HacK IHaWXUH LQdLcaWH: MHaQ YaOXHV LQ a cURVV-VHcWLRQaO XQLQIHcWHd (UI) cRQWURO
cRKRUW, ZKHWKHU RU QRW WKH abXQdaQcH RI WKH IHaWXUH VLJQLILcaQWO\ cKaQJHd acURVV WLPH bHWZHHQ
acXWH WR cRQYaOHVcHQW LQIHcWLRQ, aQd ZKHWKHU RU QRW WKH abXQdaQcH RI WKH IHaWXUH ZaV aOVR SUHVHQW
aW a VLJQLILcaQWO\ KLJKHU IUHTXHQc\ (S_adM<0.05) LQ WKH VaPH JURXS (KLJK- YHUVXV ORZ-WLWHU
SaUWLcLSaQWV) aW WKH OaWH cRQYaOHVcHQW WLPHSRLQW. AbXQdaQcH (ORJ-adMXVWHd) RI IHaWXUHV dXULQJ
acXWH ZIKV LQIHcWLRQ aVVRcLaWHd ZLWK KLJK (D) YHUVXV ORZ (E) 6-PRQWK QHXWUaOL]LQJ aQWLbRd\
WLWHUV. (F) ROC cXUYHV IRU SUHdLcWLQJ KLJK- YHUVXV ORZ-WLWHU LQdLYLdXaOV XVLQJ WKH acXWH ZIKV
cHOOXOaU IHaWXUHV IURP (C) WKaW aUH aVVRcLaWHd ZLWK KLJK (OHIW) YHUVXV ORZ (ULJKW) 6-PRQWK ZIKV
NT80 WLWHU. (G) ROC cXUYHV IRU SUHdLcWLQJ KLJK -YHUVXV ORZ- WLWHU LQdLYLdXaOV XVLQJ WKH OaWH
cRQYaOHVcHQW IHaWXUHV aVVRcLaWHd ZLWK ORZ 6-PRQWK ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV. FRU (B, F,
G): TKH aUHa XQdHU WKH cXUYH (AUC) YaOXH aQd 95% CI IRU WKH IHaWXUHV cRUUHVSRQdLQJ WR HacK
cXUYH aUH cRORUHd b\ AUC YaOXH IRU HacK SORW. N=14 SaUWLcLSaQWV ZLWK 6-PRQWK ZIKV NT80 WLWHU
daWa aYaLOabOH (aQWL-ZIKV IJM- aW LQdH[ YLVLW).
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Figure 3.6 Graphical abstract summari]ing distinct cellular immune signatures associated
with the development of high versus low ZIKV neutrali]ing antibod\ titers 6 months after
infection
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Supplementar\ Figure 3.1 C\TOF gating strateg\ and Principal Component Anal\sis
(PCA) of uninfected participants
GaWLQJ VWUaWHJ\ IRU (A) OaQdPaUN SRSXOaWLRQV, (B) LQQaWH LPPXQH cHOOV, aQd (C) T cHOOV. (D) PCA
UHSUHVHQWaWLRQ RI aOO PaQXaOO\ JaWHd SaUaPHWHUV PHaVXUHd RQ PBMCV IURP ZIKV-XQLQIHcWHd
cRQWURO SaUWLcLSaQWV (N=6) aW ORQJLWXdLQaO WLPHSRLQWV.
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Supplementar\ Figure 3.2 Landmark and sub-landmark population abundance in acute
and convalescent ZIKV infection
LLQH SORWV RI IUHTXHQc\ RI LQdLcaWHd (A) OaQdPaUN cHOO W\SH aQd (B) adaSWLYH LPPXQH VXbVHW IRU
HacK SaUWLcLSaQW YHUVXV WLPH VLQcH LQdH[ YLVLW. RHd OLQH cRQQHcWV PHdLaQ YaOXHV aW HacK VaPSOLQJ
WLPHSRLQW ZLWK HUURU baUV IRU +/- 95% CI. ScaWWHU SORW IRU IHaWXUH abXQdaQcH IURP cURVV VHcWLRQaO
XQLQIHcWHd (UI) cRKRUW VKRZQ RQ WKH IaU ULJKW. FHaWXUHV ZLWK S_adM< 0.05 KaYH bOXH cRORUHd WLWOHV.
S_adM YaOXHV RbWaLQHd b\ LME PRdHO ILW ZLWK BHQMaPLQL-HRcKbHUJ FDR cRUUHcWLRQ. HLJK
cRQcRUdaQcH LQ OaQdPaUN cHOO SRSXOaWLRQ IUHTXHQcLHV aV PHaVXUHd b\ PaQXaO JaWLQJ YHUVXV
SCAFFRLD cOXVWHULQJ aQaO\VLV LQ PaQHO 1 (C) aQd PaQHO 2 (D). N=25 ZIKV+ aQd N=8 ZIKV-
SaUWLcLSaQWV.
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Supplementar\ Figure 3.3 Innate immune cell features impacted b\ acute ZIKV infection
(A-C, OHIW): LLQH SORWV VKRZLQJ IUHTXHQc\ RI SKHQRW\SLc IHaWXUHV (% RI cHOOV WKaW H[SUHVV HacK
PaUNHU) YHUVXV WLPH VLQcH LQdH[ YLVLW (N=25). RHd OLQH cRQQHcWV PHdLaQ YaOXHV aW HacK VaPSOLQJ
WLPHSRLQW ZLWK HUURU baUV IRU +/- 95% CI. FHaWXUH abXQdaQcH IURP cURVV-VHcWLRQaO XQLQIHcWHd (UI)
cRKRUW (N=8) VKRZQ RQ WKH IaU ULJKW. *S_adM<0.05, **S_adM<0.01, ***S_adM<0.001 (S_adM YaOXHV
RbWaLQHd b\ LME PRdHO ILW ZLWK BHQMaPLQL-HRcKbHUJ FDR cRUUHcWLRQ). (A-C, ULJKW): HHaWPaSV
VKRZLQJ ]-VcRUH QRUPaOL]Hd PHdLaQ H[SUHVVLRQ RI LQdLcaWHd PaUNHUV (URZV) IRU HacK OaQdPaUN
cHOO SRSXOaWLRQ-aVVRcLaWHd cHOO cOXVWHU (cROXPQ). CROXPQ aQQRWaWLRQ LQdLcaWHV cOXVWHUV WKaW
VLJQLILcaQWO\ dHcUHaVH (bOXH), LQcUHaVH (UHd), LQcUHaVH aQd WKHQ dHcUHaVH (JUHHQ), RU UHPaLQ
XQcKaQJHd (JUa\) LQ abXQdaQcH (aV a % RI WKH SaUHQW SRSXOaWLRQ; S_adM<0.05). N=25 ZIKV+ aQd
N=8 ZIKV- SaUWLcLSaQWV.
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Supplementar\ Figure 3.4 T cell features impacted b\ acute ZIKV infection
SLJQLILcaQWO\ cKaQJLQJ IHaWXUHV (VKRZQ aV % RI SaUHQW cHOOV WKaW H[SUHVV HacK PaUNHU) IRU (A)
QRQ-QawYH CD8+ T cHOOV, (B) QRQ-TUHJ QRQ-QawYH CD4+ T cHOOV, (C) CD4+ TUHJV, aQd (D) Ȗį T
cHOOV IRU HacK SaUWLcLSaQW YHUVXV WLPH VLQcH LQdH[ YLVLW. RHd OLQH cRQQHcWV PHdLaQ YaOXHV aW HacK
VaPSOLQJ WLPHSRLQW ZLWK HUURU baUV IRU +/- 95% CI. ScaWWHUSORW IRU IHaWXUH abXQdaQcH IURP
cURVV-VHcWLRQaO XQLQIHcWHd (UI) cRKRUW VKRZQ RQ WKH IaU ULJKW. *S_adM<0.05, **S_adM<0.01,
***S_adM<0.001 (S_adM YaOXHV RbWaLQHd b\ LME PRdHO ILW ZLWK BHQMaPLQL-HRcKbHUJ FDR
cRUUHcWLRQ). (E) PKHQRW\SH (]-VcRUHd PHdLaQ H[SUHVVLRQ RI HacK PaUNHU) RI QRQ-TUHJ QRQ-QawYH
CD4+ T cHOO cOXVWHUV WKaW VLJQLILcaQWO\ dHcUHaVH (bOXH), LQcUHaVH (UHd), LQcUHaVH aQd WKHQ dHcUHaVH
(JUHHQ) RU UHPaLQ XQcKaQJHd LQ abXQdaQcH (S_adM<0.05). N=25 ZIKV+ aQd N=8 ZIKV-
SaUWLcLSaQWV.
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Supplementar\ Figure 3.5 B cell d\namics in ZIKV infection and characteristics associated
with ZIKV neutrali]ing antibod\ titers 6 months after infection
(A) CRUUHOaWLRQ SORW bHWZHHQ WKH IUHTXHQc\ RI SOaVPabOaVW aQd ASC B cHOO SRSXOaWLRQV (aV a %
RI QRQ-QawYH B cHOOV; SSHaUPaQ¶V U ZLWK UHJUHVVLRQ OLQH). (B) PKHQRW\SH (]-VcRUHd PHdLaQ
H[SUHVVLRQ RI HacK PaUNHU) RI B cHOO cOXVWHUV WKaW VLJQLILcaQWO\ dHcUHaVH (bOXH), LQcUHaVH (UHd),
LQcUHaVH aQd WKHQ dHcUHaVH (JUHHQ), RU UHPaLQ XQcKaQJHd (JUa\) LQ abXQdaQcH (aV a % RI WKH WRWaO
B cHOO SRSXOaWLRQ; S_adM<0.05). (C) RHOaWLYH cKaQJH LQ WKH IUHTXHQc\ [(OaWH cRQYaOHVcHQW -
acXWH)/acXWH] RI WKH H[SUHVVLRQ RI LQdLYLdXaO acWLYaWLRQ PaUNHUV RQ B cHOO VXbVHWV (PHdLaQ
VKRZQ). CRORUV LQdLcaWH PaUNHUV ZLWK a VLJQLILcaQW (S_adM<0.05) cKaQJH LQ WKH SHUcHQW RI WKH
SaUHQW SRSXOaWLRQ WKaW H[SUHVVHV WKH PaUNHU aUH QRWHd (LQcUHaVH=SLQN, dHcUHaVH=JUHHQ). (D)
DLIIHUHQcH LQ 6-PRQWK ZIKV NT80 bHWZHHQ LQdLYLdXaOV ZLWK RU ZLWKRXW HYLdHQcH RI SULRU DENV
LQIHcWLRQ aW LQdH[ YLVLW (WLOcR[RQ RaQN SXP WHVW). IQdLYLdXaOV IURP RXU VXb-cRKRUW aUH cRORUHd
bOacN aQd LQdLYLdXaOV IURP WKH OaUJHU REDSIII cRKRUW aUH cRORUHd JUa\. ScaWWHUSORWV VKRZLQJ
6-PRQWK ZIKV NT80 WLWHUV YHUVXV WKH IUHTXHQc\ RI (E) ASC B cHOOV RU (F) QRQ-QawYH CD8+ T
cHOOV cR-H[SUHVVLQJ HLA-DR aQd CD38 aW WKH acXWH WLPHSRLQW (SSHaUPaQ¶V cRUUHOaWLRQ). (A-C):
N=25 SaUWLcLSaQWV; E-F: N=14 SaUWLcLSaQWV.
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Tables

Table 3.1 Ke\ resources table
REAGENT RU RESO8RCE SO8RCE IDENTIFIER

AnWibodies

Mass c\WomeWr\ anWibodies:
meWal-anWigen (clone)

Self-conjXgaWed
Xnless from
FlXidigm

Y89-CD45 (clone HI30) FlXidigm CaW#3089003B; RRID:AB_2661851

In113-CD14 (clone M5E2) BioLegend CaW#301802; RRID:AB_314184

In115-CD123 (clone 6H6) BioLegend CaW#306002; RRID:AB_2661822

La139-CD33 (clone WM53) BioLegend CaW#303402; RRID:AB_314346

Ce140-CD38 (clone HIT2) BioLegend CaW#303502; RRID:AB_314354

Pr141-CD3 (clone UCHT1) BioLegend CaW#300402; RRID:AB_2661835

Nd142-CD19 (clone H1B19) BioLegend CaW#302202; RRID:AB_2661817

Nd143-CXCR3 (clone G025H7) BioLegend CaW#353702; RRID:AB_10983073

Nd144-CD11b (clone ICRF44) BioLegend CaW#301302; RRID:AB_314154

Nd145-CD4 (clone RPA-T4) BioLegend CaW#300502; RRID:AB_314069

Nd146-CD8 (clone RPA-T8) BioLegend CaW#301002; RRID:AB_2661818

Sm147-CD11c (clone BX15) BioLegend CaW#337202; RRID:AB_1236381

Nd148-CD16 (clone 3G8) BioLegend CaW#302001; RRID:AB_314201

Sm149-CD138 (clone DL-101) BioLegend CaW#352302; RRID:AB_10915555

EX151-CD21 (clone BX32) BioLegend CaW#313502; RRID:AB_416326

Sm152-gdTCR (clone 11F2) FlXidigm CaW#3152008B; RRID:AB_2687643

EX153-CD45RA (clone HI100) BioLegend CaW#304102; RRID:AB_314406

Sm154-CD40 (clone 5C3) BioLegend CaW#334302; RRID:AB_1236384

Gd156-PDL1 (clone 29E.2A3) BioLegend CaW#329702; RRID:AB_940372

Gd157-CD69 (clone FN50) BioLegend CaW#310902; RRID:AB_314837

Gd158-CD27 (clone O323) BioLegend CaW#302802; RRID:AB_2661825
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REAGENT RU RESO8RCE SO8RCE IDENTIFIER

Gd160-TbeW (clone 4B10) BioLegend CaW#644802; RRID:AB_1595503

D\161-CTLA4 (clone 14D3) FlXidigm CaW#3161004B; RRID:AB_2687649

D\162-CD80 (clone 2D10.4) FlXidigm CaW#3162010B; RRID:AB_2811101

D\163-CD86 (clone IT2.2) BioLegend CaW#305401; RRID:AB_314521

Ho165-CD24 (clone MI5) BioLegend CaW#311102; RRID:AB_314851

Er166-NKG2D (clone ON72) FlXidigm CaW#3166016B; RRID:AB_2892110

Er167-FCRL5 (clone 509f6) BioLegend CaW#340302; RRID:AB_2104586

Er168-Ki67 (clone B56) FlXidigm CaW#3168007B; RRID:AB_2800467

Tm169-CD71 (clone CY1G4) BioLegend CaW#334102; RRID:AB_1134247

Er170-IgD (clone IA6-2) BioLegend CaW#348202; RRID:RRID:AB_10550095

Yb171-CD20 (clone 2H7) BioLegend CaW#302302; RRID:AB_314250

Yb172-BDCA1 (clone L161) BioLegend CaW#331502; RRID:AB_2661820

Yb173-IgM (clone MHM-88) BioLegend CaW#314502; RRID:AB_493003

Yb174-HLA-DR (clone L243) BioLegend CaW#307602; RRID:AB_314680

LX175-PD-1 (clone EH12.2H7) BioLegend CaW#329902; RRID:AB_940488

Yb176-CD56 (clone HCD56) FlXidigm CaW#3176008B; RRID:AB_2661813

Sm149-CCR4 (clone 205410) R&D CaW#MAB1567; RRID:AB_2074395

Nd150-OX40 (clone A019D5) BioLegend CaW#351302; RRID:AB_10718513

EX151-ICOS (clone C398.4A) BioLegend CaW#313539; RRID:AB_2810475

Sm154-CX3CR1 (clone 2A9-1) BioLegend CaW#341602; RRID:AB_1595422

Gd155-CCR6 (clone G034E3) BioLegend CaW#353402; RRID:AB_10918625

Tb159-Vd2 (clone B6) BioLegend CaW#331402; RRID:AB_1089226

D\162-FOXP3 (clone PCH101) BioLegend CaW#3162011a; RRID:AB_2687650

D\164-EOMES (clone WD1928) ThermoFisher CaW#14-4877-82; RRID:AB_2572882

Ho165-CD127 (clone A019D5) BioLegend CaW#351302; RRID:AB_10718513

Er166-TIGIT (clone A15153G) BioLegend CaW#372702; RRID:AB_2632714
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REAGENT RU RESO8RCE SO8RCE IDENTIFIER

Er167-CCR7 (clone G043H7) BioLegend CaW#353202; RRID:AB_10945157

Tm169-CD25 (clone 2A3) FlXidigm CaW#3169003B; RRID:AB_2661806

Yb171-CXCR5 (clone RF8B2) FlXidigm CaW#3171014B; RRID:AB_2858239

Yb172-Helios (clone 22F6) BioLegend CaW#137202; RRID:AB_10900638

Yb173-Gran]\me B (clone GB11) BioRad CaW#MCA2120; RRID:AB_2114582

Biological samples

Cr\opreserYed hXman PBMCs
and plasma

REDS-III sWXd\
parWicipanWs

Demographic DaWa aYailable in TDEOH 3.2

Chemicals, pepWides, and recombinanW proWeins

CisplaWin Sigma-Aldrich CaW #P4394

eBioscience Fo[P3/TranscripWion
FacWor SWaining BXffer SeW

Thermo Fisher
ScienWific

CaW #00-5523-00

Ma[par Barcode Perm BXffer FXlidigm CaW #201057

Paraformaldeh\de ElecWron
Microscop\
Sciences

CaW #15710

InWercalaWor FlXidigm CaW #201103A

DeposiWed daWa

Mass c\WomeWr\ daWa This paper hWWp://d[.doi.org/10.17632/5cn6c\97b7.1

SofWZare and algoriWhms

CellEngine CellCarWa hWWps://cellcarWa.com/cellenginesofWZare/

R 3.6.1 The R FoXndaWion hWWps://ZZZ.r-projecW.org/

premessa 0.1.8 R package hWWps://giWhXb.com/ParkerICI/premessa

floZCore 1.50.0 (80) RRID:SCR_002205

ggploW2 3.2.1 (82) RRID:SCR_014601

nlme 3.1-140 (81) RRID:SCR_015655

facWoe[Wra 1.0.5 (88) RRID:SCR_016692
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REAGENT RU RESO8RCE SO8RCE IDENTIFIER

FacWoMineR 1.42 (83) RRID:SCR_014602

seriaWion 1.2.8 (85) hWWps://cran.r-projecW.org/package=seriaWion

Comple[HeaWmap 2.1.1 (84) RRID:SCR_017270

SCAFFoLD (43) hWWps://giWhXb.com/SpiW]erLab/sWaWisWicalScaffol
d

igraph 1.2.4.1 (86) RRID:SCR_019225

pROC 1.17.0.1 (87) hWWps://CRAN.R-projecW.org/package=pROC
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Table 3.2 Stud\ participant clinical characteristics
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Table 3.3 Summar\ of phenot\pic markers assessed on each cell t\pe for manual gating
anal\sis
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Materials and Methods

Viral Load and Antibod\ Measurements. ZIKV YLUaO ORad, aQWLbRd\ OHYHOV, aQd ZIKV aQd

DENV QHXWUaOL]LQJ aQWLbRd\ PHaVXUHPHQWV ZHUH SHUIRUPHd aV dHVcULbHd SUHYLRXVO\ (9,41). IQ

bULHI, ZIKV YLUaO ORad ZaV PHaVXUHd b\ TXaQWLWaWLYH PCR. AQWL-ZLNa YLUXV IJM aQd IJG ZHUH

PHaVXUHd b\ aQWLbRd\-caSWXUH ELISA XVLQJ UHcRPbLQaQW ZIKV aQWLJHQ NLQdO\ SURYLdHd b\ WKH

US CHQWHUV IRU DLVHaVH CRQWURO aQd PUHYHQWLRQ (CDC) aQd aV SUHYLRXVO\ dHVcULbHd (72,73).

ZIKV QHXWUaOL]LQJ WLWHUV ZHUH PHaVXUHd XVLQJ a ZIKV UHSRUWHU YLUaO SaUWLcOH QHXWUaOL]aWLRQ

WLWUaWLRQ aVVa\ (IQWHJUaO MROHcXOaU, PKLOadHOSKLa, PA) (74), aQd LQdH[ dRQaWLRQV ZHUH WHVWHd IRU

SUH-H[LVWLQJ DENV IJG ZLWK WKH DHWHcW IJG ELISA (IQBLRV; SHaWWOH, WA).

PBMC Preparation and Mass C\tometr\ Staining. WKROH SHULSKHUaO bORRd ZaV cROOHcWHd aW

WKH cOLQLcaO VLWHV, VKLSSHd RYHUQLJKW aW aPbLHQW WHPSHUaWXUH WR VLWaOaQW, SaQ FUaQcLVcR, CA, USA,

ZKHUH WKH\ ZHUH SURcHVVHd aQd cU\RSUHVHUYHd ZLWKLQ 24 K RI cROOHcWLRQ aQd WKHQ VWRUHd LQ OLTXLd

QLWURJHQ aV SUHYLRXVO\ dHVcULbHd (42). MaVV c\WRPHWU\ H[SHULPHQWV ZHUH SHUIRUPHd RYHU WKH

cRXUVH RI ILYH VHSaUaWH H[SHULPHQWV, ZLWK QRUPaOL]aWLRQ bHWZHHQ H[SHULPHQWV SHUIRUPHd aV

RXWOLQHd bHORZ. PBMCV ZHUH WKaZHd, aQd RQO\ VaPSOHV ZLWK >70% YLabLOLW\ ZHUH XVHd IRU

aQaO\VLV (PRVW ZHUH >90% YLabOH aIWHU WKaZLQJ b\ WKH MXVH CHOO AQaO\]HU [MLOOLSRUH SLJPa,

BXUOLQJWRQ, MA, USA]) (75,76). WH VWaLQHd 2-4 PLOOLRQ cHOOV SHU SaQHO LQ WZR PaVV c\WRPHWU\

SaQHOV, IROORZLQJ a SUHYLRXVO\ SXbOLVKHd SURWRcRO (44) ZLWK WKH IROORZLQJ PRdLILcaWLRQV. BULHIO\,

ZH PaUNHd dHad cHOOV b\ LQcXbaWLQJ WKH VaPSOHV IRU RQH PLQXWH ZLWK 25PM CLVSOaWLQ

(SLJPa-AOdULcK, SW. LRXLV, MO, USA) LQ SKRVSKaWH bXIIHUHd VaOLQH (PBS) SOXV EDTA, SHUIRUPHd

VXUIacH VWaLQLQJ ZLWK PHWaO-WaJJHd aQWLbRdLHV LQ PBS ZLWK 0.5% bRYLQH VHUXP aObXPLQ (BSA)

IRU 30 PLQXWHV aW URRP WHPSHUaWXUH, IL[Hd aQd SHUPHabLOL]Hd cHOOV IROORZLQJ PaQXIacWXUHU¶V

LQVWUXcWLRQV IRU WKH HBLRVcLHQcH FR[S3/TUaQVcULSWLRQ FacWRU SWaLQLQJ BXIIHU SHW (TKHUPR FLVKHU
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ScLHQWLILc, WaOWKaP, MA, USA), baUcRdHd VaPSOHV XVLQJ PaVV-WaJ cHOOXOaU baUcRdLQJ UHaJHQWV

dLOXWHd LQ Ma[SaU BaUcRdH PHUP BXIIHU (FOXLdLJP, SRXWK SaQ FUaQcLVcR, CA, USA) aV dHVcULbHd

SUHYLRXVO\ (44), cRPbLQHd XS WR WZHQW\ baUcRdHd VaPSOHV LQWR a VLQJOH WXbH, SHUIRUPHd

LQWUacHOOXOaU VWaLQLQJ ZLWK aQWLbRdLHV dLOXWHd LQ HBLRVcLHQcH FR[S3/TUaQVcULSWLRQ FacWRU NLW SHUP

ZaVK (TKHUPR FLVKHU ScLHQWLILc), IL[Hd cHOOV LQ IUHVKO\ SUHSaUHd 2% SaUaIRUPaOdHK\dH (EOHcWURQ

MLcURVcRS\ ScLHQcHV, HaWILHOd, PA, USA) LQ WKH SUHVHQcH RI a DNA LQWHUcaOaWRU (77), aQd WKHQ

ZaVKHd aQd UaQ cHOOV RQ WKH FOXLdLJP C\TOF 2 PaVV C\WRPHWHU ZLWKLQ RQH ZHHN RI VWaLQLQJ.

Mass C\tometr\ Data Processing.

Data Qualit\ Control. FROORZLQJ daWa acTXLVLWLRQ, WKH FCS ILOHV ZHUH QRUPaOL]Hd acURVV

H[SHULPHQWV XVLQJ bHad VWaQdaUdV aQd WKH daWa QRUPaOL]aWLRQ aOJRULWKP XVLQJ WKH R SacNaJH

µSUHPHVVa.¶ TKH OLYH cHOO HYHQWV ZHUH dHbaUcRdHd XVLQJ a VLQJOH-cHOO dHbaUcRdLQJ aOJRULWKP (78)

aQd ZH aQaO\]Hd >25,000 (PRVWO\ >50,000) cHOOV SHU VaPSOH. FURP WKH LQdLYLdXaO VaPSOH ILOHV,

QRUPaOL]aWLRQ bHadV ZHUH H[cOXdHd baVHd RQ CH140 aQd EX153 VLJQaOV, VLQJOH cHOO HYHQWV ZHUH

LdHQWLILHd baVHd RQ IU191 DNA VLJQaO PHaVXUHd aJaLQVW HYHQW OHQJWK, aQd CD45- RU PW195+ dHad

cHOOV ZHUH H[cOXdHd. PRWHQWLaO baWcK HIIHcWV ZHUH PLQLPL]Hd b\ LQcOXdLQJ VaPSOHV IURP WKH VaPH

LQdLYLdXaO LQ WKH VaPH H[SHULPHQW. SSLOORYHU bHWZHHQ WKH Yb173 aQd Yb174 cKaQQHOV ZaV

cRPSHQVaWHd baVHd RQ WKH C\TOF PHWaO SXULW\ PaWUL[ (79) XVLQJ IORZcRUH (80). GaWLQJ ZaV

SHUIRUPHd XVLQJ CHOOEQJLQH (CHOOCaUWa, MRQWUHaO, CaQada).

Manual Gating. TUadLWLRQaO KLHUaUcKLcaO JaWLQJ ZaV aSSOLHd WR LdHQWLI\ 12 ³OaQdPaUN´ LPPXQH

SRSXOaWLRQV: CD14+ ³cOaVVLcaO´ PRQRc\WHV, CD14-CD16+ ³QRQ-cOaVVLcaO´ PRQRc\WHV, cOaVVLcaO

aQd SOaVPac\WRLd dHQdULWLc cHOOV [cDC aQd SDC, UHVSHcWLYHO\], baVRSKLOV, CD56bULJKW aQd CD56dLP

QaWXUaO NLOOHU cHOOV, UHJXOaWRU\ CD4+ T cHOOV, QRQ-UHJXOaWRU\ CD4+ T cHOOV, CD8+ T cHOOV, Jd T

cHOOV aV VWaLQHd b\ HLWKHU a SaQ-Ȗį T cHOO UHcHSWRU (TCR) aQWLbRd\ RU aQ aQWLbRd\ WKaW RQO\
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UHcRJQL]HV Jd T cHOOV ZLWK WKH Vį2 cKaLQ (VHH Supplementar\ Fig. 3.1 IRU JaWLQJ VWUaWHJ\) aV

ZHOO aV ZHOO-dHILQHd adaSWLYH LPPXQH VXbVHWV (VHH Supplementar\ Fig. 3.2 IRU WKH LdHQWLW\ RI

WKHVH SRSXOaWLRQV). WLWKLQ HacK RI WKH ³SaUHQW´ cHOO W\SHV, ZH PaQXaOO\ JaWHd SRVLWLYH aQd

QHJaWLYH SRSXOaWLRQV RI bLRORJLcaOO\ UHOHYaQW SKHQRW\SLc PaUNHUV IURP WKH WZR PaVV c\WRPHWU\

SaQHOV (VHH Table 3.3 IRU PaUNHUV aVVHVVHd RQ HacK ³SaUHQW´ SRSXOaWLRQ). FRU HacK RI WKH SaUHQW

cHOO W\SHV, ZH RQO\ LQcOXdHd SKHQRW\SLc PaUNHUV IRU ZKLcK ZH cRXOd cOHaUO\ JaWH a SRVLWLYH

SRSXOaWLRQ abRYH bacNJURXQd aQWLbRd\ VWaLQLQJ OHYHOV.

Clustering b\ Statistical SCAFFoLD. WH JHQHUaWHd SCAFFRLD PaSV XVLQJ WKH ScaIIROd R

SacNaJH. AV dHVcULbHd SUHYLRXVO\ (43,44), XVLQJ aOO RI WKH OLYH CD45+ OHXNRc\WHV cROOHcWHd

acURVV SaUWLcLSaQWV aQd WLPHSRLQWV IRU HacK VWaLQLQJ SaQHO, ZH aSSOLHd aQ XQVXSHUYLVHd cOXVWHULQJ

aOJRULWKP baVHd RQ WKH CLARA cOXVWHULQJ aOJRULWKP WR SaUWLWLRQ cHOOV LQWR a XVHU-dHILQHd QXPbHU

RI cOXVWHUV (100 cOXVWHUV SHU VWaLQLQJ SaQHO). WH H[cOXdHd KL-67 aQd GUaQ]\PH B WR aYRLd KaYLQJ

IXQcWLRQaO PaUNHUV cOXVWHU cHOOV acURVV cHOO W\SHV WRJHWKHU. LaQdPaUN SRSXOaWLRQV ZHUH JaWHd aV

RXWOLQHd LQ Supplementar\ Fig. 3.1 (IRU cOXVWHU aQaO\VLV, NK cHOOV ZHUH WUHaWHd aV RQH

SRSXOaWLRQ). WH QH[W JHQHUaWHd IRUcH-dLUHcWHd JUaSKV (SCAFFRLD PaSV) WR YLVXaOL]H WKH

aVVRcLaWLRQ RI HacK cOXVWHU ZLWK LWV OLNHO\ SaUHQW OaQdPaUN SRSXOaWLRQ. WH H[cOXdHd IURP RXU

dRZQVWUHaP aQaO\VLV cOXVWHUV WKaW cRQWaLQHd <20 cHOOV LQ >80% RI VaPSOHV (12 cOXVWHUV LQ PaQHO

1, 2 cOXVWHUV LQ PaQHO 2) aV ZHOO aV cOXVWHUV WKaW cRQWaLQHd cHOOV WKaW dLd QRW KaYH WKH H[SHcWHd

H[SUHVVLRQ RI cOaVVLcaO OaQdPaUN SRSXOaWLRQ (H.J., ZH H[cOXdHd a cOXVWHU RI cHOOV WKaW cOXVWHUHd

ZLWK WKH CD8+ T cHOOV bXW aSSHaUHd WR cR-H[SUHVV WKH B cHOO PaUNHU, CD19 aQd Pa\ SRWHQWLaOO\

UHSUHVHQW dRXbOHWV [PHdLaQ 0.09% RI WRWaO CD8+ T cHOOV aW WKH acXWH WLPHSRLQW]; aOO WRJHWKHU,

WKHVH 9 cOXVWHUV LQ PaQHO 1 aQd 7 cOXVWHUV LQ PaQHO 2 cRPSULVHd 0.08% aQd 0.13% RI WKH WRWaO OLYH

SRSXOaWLRQ aW WKH acXWH WLPHSRLQW). CHOO cOXVWHUV ZHUH WKXV dHWHUPLQHd WR bH ³UHOLabO\´ aVVLJQHd WR
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OaQdPaUN cHOO SRSXOaWLRQV LI WKH\ ZHUH QRW H[cOXdHd baVHd RQ WKHVH cULWHULa aQd LI WKH\ ZHUH

LdHQWLILHd LQ PaQHO 1 IRU LQQaWH LPPXQH cHOOV (WRWaO 17 cOaVVLcaO aQd 3 QRQ-cOaVVLcaO PRQRc\WH, 9

NK cHOO, 4 cDC, 1 SDC cOXVWHUV) aQd B cHOOV (WRWaO 14 cOXVWHUV) aQd PaQHO 2 IRU T cHOO SKHQRW\SHV

(WRWaO 6 CD4+ TUHJ, 20 QRQ-TUHJ CD4+, 14 CD8+, aQd 2 Ȗį T cHOO cOXVWHUV). IQ WKH SCAFFRLD

PaSV dHSLcWHd, a UHSUHVHQWaWLYH PaS IURP RQH SaUWLcLSaQW aW WLPHSRLQW 1 LV VKRZQ.

Quantification and Statistical Anal\sis

Change in Manuall\ Gated Population and Cell Cluster Frequencies over Time. TR PHaVXUH

WKH cKaQJH LQ abXQdaQcH RI PaQXaOO\ JaWHd cHOO IHaWXUHV (H.J., OaQdPaUN aQd VXb-OaQdPaUN

SRSXOaWLRQV aQd SRSXOaWLRQV H[SUHVVLQJ LQdLYLdXaO SKHQRW\SLc PaUNHUV) aQd cHOO cOXVWHUV, WKH

IUHTXHQc\ RI HacK IHaWXUH (H[SUHVVHd aV a % RI WKH SaUHQW SRSXOaWLRQ) ZaV ORJ WUaQVIRUPHd ZLWK a

cRQVWaQW IacWRU RI 1/10E6 RU 1/10E3, UHVSHcWLYHO\. LRJ-WUaQVIRUPHd YaOXHV ZHUH adMXVWHd IRU

SaUWLcLSaQW aJH aQd VH[ XVLQJ a OLQHaU UHJUHVVLRQ aQd WKH UHVLdXaOV (ORJ-adMXVWHd abXQdaQcH) ZHUH

XVHd LQ dRZQVWUHaP aQaO\VHV. FRU aJH aQd VH[, WKH PHdLaQ (� VWaQdaUd dHYLaWLRQ) cRQWULbXWLRQ RI

HacK RI WKHVH IacWRUV WR WKH YaULaQcH IRU LQdLYLdXaO IHaWXUHV ZaV 1.63 (�5.83)% aQd 1.17

(�3.16)%, UHVSHcWLYHO\. TKH cKaQJH RYHU WLPH IRU WKH ORJ-adMXVWHd IHaWXUH abXQdaQcH bHWZHHQ WKH

³acXWH,´ ³HaUO\ cRQYaOHVcHQW´ aQd ³OaWH cRQYaOHVcHQW´ YLVLWV ZaV aVVHVVHd XVLQJ a OLQHaU PL[Hd

HIIHcW (LME) PRdHO ZLWK WKH QOPH R SacNaJH (81) ZLWK ORJ-WUaQVIRUPHd da\V VLQcH LQdH[ YLVLW aV

a IL[Hd HIIHcW aQd SaUWLcLSaQW ID aV a UaQdRP HIIHcW. TKH S YaOXHV IRU HacK JURXS RI IHaWXUHV ZHUH

adMXVWHd IRU PXOWLSOH WHVWLQJ cRUUHcWLRQ b\ BHQMaPLQL HRcKbHUJ ZLWK aQ FDR cXWRII RI 5% IRU a

VLJQLILcaQW HIIHcW RI WLPH VLQcH LQdH[ YLVLW RQ IHaWXUH abXQdaQcH. FRU 95% cRQILdHQcH LQWHUYaO

JUaSKV, OLQH JUaSKV ZHUH JHQHUaWHd LQ R XVLQJ WKH SacNaJH JJSORW2 (82). TKH 95% cRQILdHQcH

LQWHUYaOV IRU WKH PHdLaQ YaOXHV ZHUH caOcXOaWHd b\ bRRWVWUaSSLQJ ZLWK 1000 LWHUaWLRQV.
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PCA Anal\sis. TKH ORJ-adMXVWHd PaQXaOO\ JaWHd IHaWXUHV WKaW ZHUH SUHVHQW acURVV aOO ZIKV

LQIHcWHd aQd cURVV-VHcWLRQaO XQLQIHcWHd VaPSOHV (281 RI 324 WRWaO IHaWXUHV LQ WKH daWaVHW) ZHUH

XVHd IRU SULQcLSaO cRPSRQHQW aQaO\VLV ZLWK WKH IXQcWLRQ PCA (SaUaPHWHUV: "VcaOH.XQLW = TRUE",

QcS = 5) IURP WKH R SacNaJH FacWRMLQHR (83). TKH VaPSOHV ZHUH YLVXaOL]Hd LQ PCA VSacH ZLWK

PC1 aQd PC2 YaOXHV aV WKH cRRUdLQaWHV XVLQJ IacWRH[WUa aQd JJSORW2 LQ R.

Heatmaps. HHaWPaSV ZHUH PadH LQ R XVLQJ WKH SacNaJH CRPSOH[HHaWPaS (84). FRU WKH

PaQXaOO\ JaWHd IHaWXUHV aQd cOXVWHU IHaWXUHV VXPPaU\ KHaWPaSV, WKH URZ/cROXPQ RUdHUV,

UHVSHcWLYHO\, ZHUH dHWHUPLQHd XVLQJ WKH R SacNaJH VHULaWLRQ (85) ZLWK WKH WUaYHOLQJ VaOHVSHUVRQ

SURbOHP (TSP) PHWKRd.

Network Correlation Anal\sis. PaLUZLVH SSHaUPaQ cRUUHOaWLRQV ZHUH caOcXOaWHd RQ WKH

ORJ-adMXVWHd IHaWXUH abXQdaQcHV IURP VaPSOHV aW WKH acXWH YLVLW IRU SaUWLcLSaQWV (Q=17) ZKR ZHUH

SUHYLRXVO\ H[SRVHd WR DHQJXH aQd LQ aQ HaUO\ VWaJH RI LQIHcWLRQ (SUH-IJM aW WKH WLPH RI IQdH[

YLVLW). TKH S YaOXHV ZHUH adMXVWHd ZLWK WKH BHQMaPLQL-HRcKbHUJ PHWKRd. TKH cRUUHOaWLRQ PaWUL[

ZaV KLHUaUcKLcaOO\ cOXVWHUHd XVLQJ cRPSOHWH OLQNaJH baVHd RQ EXcOLdHaQ dLVWaQcH WR cUHaWH

cRUUHOaWLRQ PRdXOHV. FRU WKH UHOaWLRQVKLS bHWZHHQ PRdXOHV, WKH aYHUaJH YaOXH ZaV caOcXOaWHd

acURVV aOO VLJQLILcaQW cRUUHOaWLRQV (S_adM<0.05) bHWZHHQ IHaWXUHV ZLWKLQ HacK PRdXOH. FRU WKH

PRdXOH 5 - PRdXOH 3 VcRUH, HacK PRdXOH VcRUH LV WKH VXP RI WKH ]-VcRUH VcaOHd ORJ-adMXVWHd

cHOOXOaU IHaWXUHV ZLWKLQ WKH PRdXOH. TKH 95% cRQILdHQcH LQWHUYaOV IRU WKH cRUUHOaWLRQ LQ WKH

LQIHcWHd VaPSOHV IRU HacK SaLUZLVH IHaWXUH cRPSaULVRQ ZaV caOcXOaWHd XVLQJ bRRWVWUaSSLQJ ZLWK

1000 LWHUaWLRQV. FRU HacK VLJQLILcaQW cRUUHOaWLRQ (S adMXVWHd<0.05), WKH cRUUHOaWLRQ ZaV

caWHJRUL]Hd aV ³VKaUHd´ ZLWK WKH XQLQIHcWHd cRKRUW LI WKH cRUUHOaWLRQ YaOXH LQ WKH XQLQIHcWHd

cRKRUW IHOO ZLWKLQ WKH 95% cRQILdHQcH LQWHUYaO IURP WKH LQIHcWHd VaPSOHV RU Kad WKH VaPH VLJQ aV

WKH LQIHcWHd cRUUHOaWLRQ aQd a PaJQLWXdH JUHaWHU WKaQ WKH 95% cRQILdHQcH LQWHUYaO PaJQLWXdH
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Pa[LPXP. OWKHUZLVH, WKH cRUUHOaWLRQ ZaV caWHJRUL]Hd aV ³XQLTXH.´ FLVKHU¶V H[acW WHVW ZaV XVHd

WR dHWHUPLQH RddV UaWLR IRU cRUUHOaWLRQV bHLQJ XQLTXH WR ZIKV aV WKH H[SRVXUH (YHUVXV bHLQJ

³VKaUHd´ ZLWK WKH XQLQIHcWHd) aQd WKH LQdLcaWHd cRUUHOaWLRQ aWWULbXWH aV WKH RXWcRPH. TKH cLUcXOaU

QHWZRUN JUaSK ZaV YLVXaOL]Hd XVLQJ JJSORW2 aQd WKH PaUNHU QHWZRUN JUaSK ZaV YLVXaOL]Hd ZLWK

LJUaSK (86).

Antibod\ Associations. TKH NT80 WLWHUV aW WKH 6-PRQWK WLPHSRLQW RI WKH DENV-H[SRVHd, ZIKV+

LQdLYLdXaOV IURP WKH OaUJHU REDS III cRKRUW ZHUH cOaVVLILHd LQWR aQWLbRd\ WHUWLOHV. TKH

aVVRcLaWLRQ bHWZHHQ aJH aQd VH[ aQd WKH 6-PRQWK NT80 WLWHU JURXSLQJV ZaV aVVHVVHd RQ WKH HQWLUH

REDS-III cRKRUW XVLQJ RQH-Za\ ANOVA aQd a CKL-VTXaUH WHVW RI LQdHSHQdHQcH, UHVSHcWLYHO\. TR

WHVW WKH aVVRcLaWLRQ bHWZHHQ cHOOXOaU LPPXQH SKHQRW\SHV aQd ZIKV QHXWUaOL]LQJ aQWLbRd\ WLWHUV,

ZH XVHd acXWH RU OaWH-cRQYaOHVcHQW YLVLW VaPSOHV IURP SaUWLcLSaQWV ZKR Kad QRW \HW IRUPHd IJM

aW WKH LQdH[ YLVLW, ZHUH DENV-H[SRVHd, aQd ZKR Kad 6-PRQWK NT80 WLWHUV aYaLOabOH (Q=14). E[acW

SHUPXWaWLRQ WHVWV ZHUH XVHd WR WHVW IRU VLJQLILcaQW dLIIHUHQcHV LQ WKH ORJ-adMXVWHd cHOOXOaU IHaWXUHV

(aJH- aQd VH[-adMXVWHd) bHWZHHQ VaPSOHV IURP SaUWLcLSaQWV LQ WKH KLJK YHUVXV ORZ WHUWLOHV (Q=5 LQ

KLJK JURXS aQd Q=6 LQ ORZ JURXS). TKH aVVRcLaWLRQ bHWZHHQ CMV IJG VHURSRVLWLYLW\ aQd

6-PRQWK NT80 WLWHUV ZaV aVVHVVHd XVLQJ WKH WLOcR[RQ RaQN SXP WHVW baVHd RQ a OaUJHU VXbVHW RI

REDS-III VWXd\ SaUWLcLSaQWV IRU ZKRP CMV VHURVWaWXV ZHUH aYaLOabOH (Q=10 CMV+, Q=23

CMV-).

Antibod\ Associations Predictive Modeling. WH XVHd SROC (87) WR SORW ROC cXUYHV ZLWK

ORJ-adMXVWHd IHaWXUH abXQdaQcH aW WKH acXWH RU OaWH cRQYaOHVcHQW YLVLW aV WKH SUHdLcWRU aQd

6-PRQWK NT80 aQWLbRd\ WLWHU caWHJRU\ (H.J., ³HLJK´ RU ³LRZ´) aV WKH UHVSRQVH IRU HacK

SaUWLcLSaQW. TKH 95% CI IRU WKH AUC YaOXHV ZHUH cRPSXWHd ZLWK WKH dHIaXOW ³DHLRQJ´ PHWKRd.
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Chapter 4: Immunosuppressive Signature in Peripheral CD14+ M\eloid Cells Predicts

Resistance to Immunotherap\ in Prostate Cancer

EOL]abHWK E. McCaUWK\1,2,3,4,5,6,13, BULdJHW P. KHHQaQ8,11,12, DaYLd S. LHH15, YaQJ SXQ4, AULHOOH

IOOaQR11,12, FUaQcHV FaQ11,12, WKLWQH\ TaPaNL11,12, KaWKU\Q AOOaLUH11,12, AOH[aQdHU CKHXQJ8,11,12,
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Introduction

IPPXQH cKHcNSRLQW UHcHSWRU LQKLbLWRUV (ICIV), LQcOXdLQJ WKRVH WaUJHWLQJ c\WRWR[Lc T O\PSKRc\WH

aQWLJHQ 4 (CTLA-4), SURJUaPPHd cHOO dHaWK 1 (PD-1), RU PD-1 OLJaQd 1 (PD-L1), KaYH bHHQ

aSSURYHd baVHd RQ LPSURYHd RYHUaOO VXUYLYaO LQ PXOWLSOH PaOLJQaQcLHV, SaUWLcXOaUO\ WKRVH ZLWK

KLJK PXWaWLRQaO bXUdHQ dXH WR PLcURVaWHOOLWH LQVWabLOLW\ (MSI)/PLVPaWcK UHSaLU dHILcLHQc\

(MMRD) (1±5). HRZHYHU, LQ PRVW VROLd WXPRUV, ICIV aV PRQRWKHUaSLHV aUH HIILcacLRXV LQ RQO\

a20% RI SaWLHQWV (6). IQ WKH WXPRU PLcURHQYLURQPHQW, VHYHUaO bLRPaUNHUV LQcOXdLQJ WKH

H[SUHVVLRQ RI cKHcNSRLQW UHcHSWRUV, aPRXQW RI T cHOO LQILOWUaWLRQ, aQd PXWaWLRQaO OaQdVcaSH (7±9)

aUH SUHdLcWLYH RI UHVSRQVH WR ICIV. RHcHQWO\, PaQ\ IHaWXUHV RI WKH cLUcXOaWLQJ LPPXQH OaQdVcaSH

KaYH aOVR bHHQ VKRZQ WR bH bLRPaUNHUV SUHdLcWLYH RI UHVSRQVH WR LPPXQRWKHUaS\ (10) aQd HYHQ

WR UHYHaO PHcKaQLVPV RI LPPXQH UHVSRQVH WR WKH WXPRU WKURXJK UHcaSLWXOaWLQJ IHaWXUHV RI WXPRU

LQILOWUaWLQJ LPPXQH cHOOV (11) aQd VHcRQdaU\ O\PSKRLd RUJaQV (12). DHILQLQJ WKH PROHcXOaU

IHaWXUHV RI cLUcXOaWLQJ LPPXQH cHOOV WKaW aUH SUHdLcWLYH RI UHVSRQVH WR LPPXQRWKHUaS\ KaV

HQRUPRXV SRWHQWLaO IRU cOLQLcaO bLRPaUNHU SURILOLQJ dXH WR WKH HaVLO\ accHVVLbOH UHSHaWHd

VaPSOLQJ WR VWXd\ WKH cKaQJHV LQ UHVSRQVH WR WUHaWPHQW (13).

IQ PHQ, SURVWaWH caQcHU LV WKH PRVW cRPPRQ caQcHU aQd WKH VHcRQd PRVW cRPPRQ caXVH

RI caQcHU dHaWKV LQ WKH UQLWHd SWaWHV ZLWK VLJQLILcaQW dLVSaULWLHV LQ cOLQLcaO RXWcRPHV bHWZHHQ

HWKQLcLWLHV (14). WKLOH WKH VXUYLYaO UaWH IRU SaWLHQWV ZLWK ORcaOL]Hd dLVHaVH LV QHaUO\ 100%, WKH

VXUYLYaO UaWH IRU WKRVH ZLWK dLVWaQW PHWaVWaWLc SURVWaWH caQcHU LV RQO\ 30%. CXUUHQWO\, QR ICIV aUH

aSSURYHd IRU SURVWaWH caQcHU SaWLHQWV H[cHSW IRU WXPRUV ZLWK KLJK PXWaWLRQaO bXUdHQ dXH WR

MSI/MMRD. TZR OaUJH WULaOV RI LSLOLPXPab, aQ aQWL-CTLA-4 cKHcNSRLQW UHcHSWRU LQKLbLWRU, LQ

PHWaVWaWLc caVWUaWLRQ-UHVLVWaQW SURVWaWH caQcHU (PCRPC) IaLOHd WR UHacK WKH SULPaU\ HQdSRLQW RI

aQ LQcUHaVH LQ RYHUaOO VXUYLYaO (15,16). TKH ORZ OHYHO RI LPPXQH cHOO LQILOWUaWLRQ LQWR SURVWaWH
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WXPRUV (17) aQd WKH LPPXQRVXSSUHVVLYH IHaWXUHV RI WKH SURVWaWH WXPRU PLcURHQYLURQPHQW (18)

cRQWULbXWHd WR WKH IaLOXUH RI ICIV aV PRQRWKHUaSLHV LQ SURVWaWH caQcHU (19). HRZHYHU, WKH

LPSURYHd SURJUHVVLRQ-IUHH VXUYLYaO aQd SURVWaWH-VSHcLILc aQWLJHQ (PSA) UHVSRQVH LQ WKH WUHaWPHQW

aUP LQ WKH LSLOLPXPab PRQRWKHUaS\ WULaOV VXJJHVW WKaW ICIV Pa\ KaYH XQUHaOL]Hd SRWHQWLaO aV

WUHaWPHQWV IRU adYaQcHd SURVWaWH caQcHU.

CXUUHQWO\, VLSXOHXcHO-T, aQ aQWLJHQ SUHVHQWLQJ cHOO YaccLQH, LV WKH RQO\ LPPXQRWKHUaS\

aSSURYHd IRU WKH WUHaWPHQW RI PCRPC (20). SWaQdaUd VLSXOHXcHO-T WUHaWPHQW cRQVLVWV RI WKUHH

c\cOHV VSacHd WZR ZHHNV aSaUW. IQ HacK c\cOH, WKH SaWLHQW XQdHUJRHV OHXNaSKHUHVLV aQd WKH

UHVXOWLQJ cHOO SURdXcW LV cR-cXOWXUHd ZLWK a IXVLRQ SURWHLQ PadH RI SURVWaWLc acLd SKRVSKaWaVH

(PAP), a SURVWaWH caQcHU aQWLJHQ, aQd JUaQXORc\WH PacURSKaJH cRORQ\-VWLPXOaWLQJ IacWRU

(GM-CSF) IRU WKUHH da\V bHIRUH UH-LQIXVLRQ LQWR WKH SaWLHQW. PaUadR[LcaOO\, ZKLOH VLSXOHXcHO-T

VKRZHd aQ LPSURYHPHQW LQ RYHUaOO VXUYLYaO WKaW OHd WR LWV aSSURYaO, LW IaLOHd WR LPSURYH WLPH WR

dLVHaVH SURJUHVVLRQ. AOWKRXJK VLSXOHXcHO-T caQ LQYRNH WXPRU VKULQNaJH LQ VRPH SaWLHQWV, LW Pa\

HYHQ HOLcLW a WROHURJHQLc T cHOO UHVSRQVH aQd LQcUHaVH WXPRU bXUdHQ LQ RWKHUV (21). TKLV SUHVHQWV

aQ RSSRUWXQLW\ IRU H[aPLQLQJ WKH LPPXQH VLJQaWXUHV aQd cHOO-cHOO LQWHUacWLRQV WKaW SUHdLcW HLWKHU

W\SH RI UHVSRQVH LQ SURVWaWH caQcHU ZLWK SRWHQWLaO bURadHU VLJQLILcaQcH LQ RWKHU caQcHUV.

TKH UHcHQW VXccHVV RI XVLQJ WZR ICIV WRJHWKHU LQ SURVWaWH caQcHU LQ HaUO\ cOLQLcaO WULaOV

(22) KLJKOLJKWV WKH XWLOLW\ RI cRPbLQaWLRQ LPPXQRWKHUaS\. CRPbLQaWLRQ LPPXQRWKHUaS\ WKaW

WaUJHWV WKH P\HORLd aQd O\PSKRLd cRPSaUWPHQW LV a UaWLRQaO aQd cRPSHOOLQJ VWUaWHJ\. TKH ex vivo

acWLYaWLRQ RI aQWLJHQ SUHVHQWLQJ cHOOV (APCV), ZKLcK aUH SULPaULO\ CD14+, WKaW RccXUV ZLWK

VLSXOHXcHO-T OHadV WR WKH in vivo acWLYaWLRQ RI B aQd T cHOO UHVSRQVH WKaW SUHdLcWV LQcUHaVHd

RYHUaOO VXUYLYaO (23).
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IPPXQRVXSSUHVVLYH P\HORLd cHOOV SOa\ aQ LPSRUWaQW UROH LQ WKH SaWKRJHQHVLV RI SURVWaWH

caQcHU bRWK aV VXSSUHVVLYH WXPRU aVVRcLaWHd PacURSKaJHV (24) aQd SHULSKHUaOO\ aV cLUcXOaWLQJ

P\HORLd dHULYHd VXSSUHVVRU cHOOV (MDSCV). MDSCV aUH a KHWHURJHQHRXV JURXS RI cHOOV WKaW aUH

cOaVVLILHd aV PRQRc\WLc RU JUaQXORc\WLc RULJLQ aQd aUH cKaUacWHUL]Hd b\ WKHLU abLOLW\ WR LQKLbLW T

cHOO SUROLIHUaWLRQ aQd c\WRNLQH UHOHaVH (25). CLUcXOaWLQJ MDSC OHYHOV LQcUHaVH ZLWK LQcUHaVHd

SURVWaWH caQcHU VWaJH aQd JUadH (26±28).

IQWHUIHURQ (IFN) VLJQaOLQJ KaV a cRPSOH[ UROH ZLWKLQ WKH MDSC cRPSaUWPHQW. AcXWH IFN

VLJQaOLQJ caQ HOLcLW SRWHQW aQWL-WXPRU acWLYLW\ LQ SaUW WKURXJK VXSSUHVVLRQ RI MDSCV, bXW cKURQLc

IFN VLJQaOLQJ LQ WXPRU cHOOV aQd PaQ\ LPPXQH cHOO W\SHV, LQcOXdLQJ MDSCV, KaV bHHQ VKRZQ WR

bH SUR-WXPRU (29±32). CKURQLc IFN VLJQaOLQJ JHQHV aUH a VXbVHW RI LQWHUIHURQ VLJQaOLQJ JHQHV

(ISGV) ZKLcK PaLQWaLQ KLJK H[SUHVVLRQ IRU VHYHUaO da\V aIWHU aQ acXWH KLJK dRVH RI W\SH I IFN LQ

UHVSRQVH WR YLUaO LQIHcWLRQ (33). CKURQLc IFN VLJQaOLQJ JHQHV aUH aOVR XSUHJXOaWHd dXULQJ cKURQLc

ORZ OHYHO W\SH I IFN VLJQaOLQJ bRWK LQ bRWK a QRUPaO VHWWLQJ, L.H., WRQLc IFN VLJQaOLQJ (34), RU a

PaOLJQaQW VHWWLQJ, L.H., SUR-WXPRU LQWHUIHURQ-UHOaWHd DNA daPaJH UHVSRQVH (IRDS) JHQHV

(35,36). TKH H[acW VHW RI ISGV ZKLcK aUH WXUQHd RQ dXULQJ cKURQLc IFN VLJQaOLQJ YaU\ bRWK ZLWK

cHOO W\SH aQd WKH XQdHUO\LQJ cHOOXOaU HQYLURQPHQW. WKLOH cKURQLc IFN VLJQaOLQJ LQ WXPRU cHOOV

KaV bHHQ VKRZQ WR cRQWULbXWH WR LPPXQRWKHUaS\ UHVLVWaQcH (32) WKH HIIHcW RI cKURQLc IFN

VLJQaOLQJ LQ P\HORLd cHOOV, LQ SaUWLcXOaU WKH KHWHURJHQHRXV MDSC VXbVHW, RQ UHVLVWaQcH WR

LPPXQRWKHUaS\ KaV QRW bHHQ ZHOO cKaUacWHUL]Hd.

GHQHWLc PXOWLSOH[LQJ (37) caQ LQcUHaVH WKH WKURXJKSXW aQd dHcUHaVH WKH baWcK HIIHcWV RI

VLQJOH cHOO H[SHULPHQWV. CHOOXOaU LQdH[LQJ RI WUaQVcULSWRPHV aQd HSLWRSHV b\ VHTXHQcLQJ

(CITE-VHT) (38) LV XVHd WR VLPXOWaQHRXVO\ RbWaLQ JHQH aQd SURWHLQ H[SUHVVLRQ IURP WKH VaPH cHOO.

B\ XVLQJ WKH QRYHO cRPbLQaWLRQ RI WKHVH PHWKRdV (PXOWLSOH[Hd CITE-VHT), ZH VLPXOWaQHRXVO\
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SURILOHd SURWHLQ aQd WUaQVcULSWRPH H[SUHVVLRQ IURP WKH VaPH cHOO LQ a400,000 SHULSKHUaO bORRd

PRQRQXcOHaU cHOOV (PBMCV) IURP ORQJLWXdLQaO SHULSKHUaO bORRd VaPSOHV IURP WKH SURVWaWH caQcHU

LPPXQRWKHUaS\ (PCI) cRKRUW, ZKLcK cRQWaLQV SaUWLcLSaQWV ZLWK PCRPC UHcHLYLQJ

LPPXQRWKHUaS\ WUHaWPHQW ZLWK VLSXOHXcHO-T aQd LSLOLPXPab.

WH XVHd WKLV VLQJOH cHOO SURILOLQJ daWaVHW IRU XQbLaVHd dLVcRYHU\ RI LPPXQRVXSSUHVVLYH

WUaQVcULSWLRQaO VLJQaWXUHV ZLWKLQ WKH P\HORLd cRPSaUWPHQW. WH dHWHUPLQHd WKaW WKH cRPSRVLWLRQ

acURVV WKHVH P\HORLd VWaWHV aVVRcLaWHV ZLWK cOLQLcaO UHVSRQVH aV PHaVXUHd b\ SHUcHQW cKaQJH LQ

SURVWaWH-VSHcLILc aQWLJHQ (PSA), a VHUXP PaUNHU XVHd aV a SUR[\ IRU SURVWaWH WXPRU UHVSRQVH WR

WKHUaS\. IQ SaUWLcXOaU, ZH LdHQWLILHd a cR-H[SUHVVHd cKURQLc IFN aQd cRPSOHPHQW VLJQaWXUH ZLWKLQ

WKH CD14+ P\HORLd cRPSaUWPHQW aV a VWabOH LPPXQH VHW SRLQW WKaW SUHdLcWV PSA UHVSRQVH.

WLWKLQ WKH QRQ-QawYH CD8+ T cHOOV, ZH IRXQd a TSH[-OLNH CD8+ T cHOO cOXVWHU WKaW ZaV HQULcKHd

LQ UHVSRQdHUV WR LPPXQRWKHUaS\. OXU UHVXOWV SUHVHQW a CD14+ P\HORLd VLJQaWXUH aV a SRWHQWLaO

bLRPaUNHU WR LdHQWLI\ SaUWLcLSaQWV ZLWK UHVLVWaQcH WR LPPXQRWKHUaS\ aQd VXJJHVW WKaW TSH[-OLNH

cHOOV aUH LPSRUWaQW PHdLaWRUV RI UHVSRQVH WR LSLOLPXPab LQ PCRPC.

Results

IQIOaPPaWRU\-RHOaWHG PaWKZa\V aUH USUHJXOaWHG LQ WKH M\HORLG CRPSaUWPHQW LQ

PUH-TUHaWPHQW PCRPC SaPSOHV CRPSaUHG WR HHaOWK\ CRQWUROV

WH SURILOHd PBMCV IURP 31 PaOH cOLQLcaO WULaO SaUWLcLSaQWV (21 ZKLWH, 3 HLVSaQLc, 3 bOacN, aQd 5

XQNQRZQ HWKQLcLW\; PHaQ aJH LV 65.8 \HaUV) ZLWK a PHdLaQ RI 4 WLPH SRLQWV SHU SaUWLcLSaQW. TKHVH

PBMCV ZHUH cROOHcWHd dXULQJ a cOLQLcaO WULaO LQYHVWLJaWLQJ WKH HIILcac\ RI VHULaOO\ cRPbLQLQJ

VLSXOHXcHO-T ZLWK LSLOLPXPab HLWKHU LPPHdLaWHO\ (13 SaUWLcLSaQWV) RU ZLWK a WKUHH ZHHN c\cOH

dHOa\ (18 SaUWLcLSaQWV). EacK cRKRUW UHcHLYHd 4 dRVHV RI LSLOLPXPab (10 PJ/NJ) VSacHd WKUHH

ZHHNV aSaUW (Fig. 4.1A (OHIW)).
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TKH VaPSOHV ZHUH SURcHVVHd XVLQJ a JHQHWLc SRROLQJ VWUaWHJ\ WR HQabOH PXOWLSOH[Hd

CITE-VHT, VLPXOWaQHRXV VLQJOH-cHOO SURILOLQJ RI 99 cHOO-VXUIacH SURWHLQ PaUNHUV aQd

WUaQVcULSWRPHV (Fig. 4.1A (ULJKW)). WH XVHd a cRPbLQaWLRQ RI WKH SURWHLQ H[SUHVVLRQ IRU caQRQLcaO

LPPXQH cHOO PaUNHUV (H.J., CD3, CD19, CD14, aQd CD16) aQd dLIIHUHQWLaOO\ H[SUHVVHd JHQHV

bHWZHHQ cOXVWHUV UHVXOWHd LQ LdHQWLI\LQJ 14 cHOO W\SHV IURP 20 OHLdHQ cOXVWHUV (Fig. 4.1B).

WKHQ ZH cRPSaUHd WKH KHaOWK\ cRQWUROV aQd SUH-WUHaWPHQW PCRPC VaPSOHV, ZH

LdHQWLILHd a PRQRc\WH/cDC cOXVWHU, cRPSRVHd RI VHYHUaO caQRQLcaO P\HORLd cHOO W\SHV (CD14+

cOaVVLcaO PRQRc\WHV, cDCV, HWc.), WKaW ZaV aOPRVW HQWLUHO\ cRPSRVHd RI KHaOWK\ cRQWURO VaPSOHV

cRPSaUHd WR a CD14+ MHC COaVV IIOR cOXVWHU WKaW ZaV HQULcKHd LQ WKH PCRPC VaPSOHV (Fig.

4.1C). TKH dLIIHUHQWLaOO\ H[SUHVVHd JHQHV (H.J., SLC7A11, NFE2L2, NQO1, ANXA5) LQ WKH

CD14+MHC COaVV IIOR cOXVWHU cRPSaUHd WR WKH PRQRc\WH/cDC cOXVWHU UHIOHcW VHYHUaO JHQHV

SUHYLRXVO\ VKRZQ WR bH XSUHJXOaWHd LQ MDSCV (39±41). WH XVHd JHQH VHW HQULcKPHQW aQaO\VLV

(GSEA) WR ILQd LQIOaPPaWLRQ UHOaWHd SaWKZa\V, QaPHO\ UHVSRQVH WR LQWHUOHXNLQ-1 (IL-1) aQd in

vitro JHQHUaWLRQ RI PacURSKaJHV IURP PRQRc\WHV LQ cXOWXUH, WKaW ZHUH HQULcKHd LQ WKH JHQHV

XSUHJXOaWHd LQ WKH CD14+MHC COaVV IIOR cOXVWHU (Fig. 4.1D). TKH MRQRc\WH/cDC cOXVWHU Kad

KLJKHU H[SUHVVLRQ PaQ\ cDC aVVRcLaWHd (CLEC10A, FCER1A, CD1D, aQd CD74) aQd PRQRc\WH

aVVRcLaWHd (FCGR3A, LYZ, CD4) JHQHV.

CD14+ M\HORLG CHOOV IURP PCRPC KaYH LRZHU MHC COaVV II E[SUHVVLRQ aQG OFFXS\

DLVWLQFW CHOO SWaWHV CRPSaUHG CRPSaUHG WR HHaOWK\ CRQWUROV

IQ RUdHU WR LPSURYH WKH VHSaUaWLRQ RI WKH P\HORLd VXbVHWV, ZH VXbVHWWHd aQd UH-cOXVWHUHd WKH

P\HORLd cHOOV (Fig. 4.1E). WH XVHd PaUNHU JHQHV WR LdHQWLI\ WKH caQRQLcaO P\HORLd cHOO W\SHV

(Fig. 4.1I). IPSRUWaQWO\, caQRQLcaO P\HORLd VXbW\SHV (H.J., cDC, SDC, aQd CD16+ PRQRc\WH)

IURP PCRPC aQd KHaOWK\ cRQWUROV ZHUH cOXVWHUHd WRJHWKHU. TKLV aOORZHd XV WR UHILQH WKH P\HORLd
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cHOO VWaWHV WKaW ZHUH HQULcKHd LQ WKH PCRPC YHUVXV KHaOWK\ cRQWURO VaPSOHV. TKH PaMRULW\ RI

cOXVWHUV ZLWK VLJQLILcaQW dLIIHUHQWLaO abXQdaQcH IURP aQ H[acW SHUPXWaWLRQ WHVW ZHUH CD14+

cOXVWHUV WKaW ZHUH HQULcKHd LQ WKH SUH-WUHaWPHQW PCRPC VaPSOHV (cOXVWHU 0, 2, 3, 9, aQd 13) RU

KHaOWK\ cRQWURO VaPSOHV (cOXVWHU 4 aQd 5) (Fig. 4.1F-G). TKH cHOOV LQ WKH CD14+ cOXVWHUV IURP

PCRPC VaPSOHV Kad VLJQLILcaQWO\ (S = 3.4E-21) ORZHU H[SUHVVLRQ RI MHC COaVV II YHUVXV WKRVH

IURP KHaOWK\ cRQWUROV (Fig. 4.1H).

PCRPC SaPSOHV CHOOXOaU DLVWULEXWLRQ aFURVV M\HORLG COXVWHUV AVVRFLaWHG ZLWK RHVSRQVH WR

IPPXQRWKHUaS\

WH QH[W H[SORUHd LI WKH P\HORLd VWaWHV ZH LdHQWLILHd LQ RXU UHILQHd P\HORLd cOXVWHULQJ aOVR

caSWXUHd KHWHURJHQHLW\ ZLWKLQ RXU ORQJLWXdLQaO PCRPC VaPSOHV. TKXV ZH TXaQWLILHd WKH cRXQWV

RI HacK PCRPC aQd KHaOWK\ cRQWURO VaPSOH acURVV HacK RI WKH P\HORLd cOXVWHUV. TKLV caWHJRULcaO

daWa ZaV YLVXaOL]Hd ZLWK cRUUHVSRQdHQcH aQaO\VLV, a dLPHQVLRQaOLW\ UHdXcWLRQ WHcKQLTXH VLPLOaU

WR SULQcLSaO cRPSRQHQW aQaO\VLV (PCA) bXW ZKLcK aSSURSULaWHO\ accRXQWV IRU WKH cRPSRVLWLRQaO

QaWXUH RI WKH XQdHUO\LQJ daWa (42). TKH VaPSOH OHYHO YLVXaOL]aWLRQ caSWXUHd WKH VHSaUaWLRQ RI WKH

KHaOWK\ cRQWURO VaPSOHV (WULaQJOHV) aQd SUH-WUHaWPHQW (cURVVHV) aQd SRVW-WUHaWPHQW (dRWV) PCRPC

VaPSOHV ZH Kad aOUHad\ VKRZQ aQd aOVR KHWHURJHQHLW\ ZLWKLQ WKH PCRPC VaPSOHV (Fig. 4.2A

(WRS)). WH XVHd N-PHaQV cOXVWHULQJ WR cOXVWHU WKH VaPSOHV baVHd RQ WKHLU cRRUdLQaWHV LQ WKLV

UHdXcHd VSacH aQd IRXQd WKUHH JURXSLQJV (GURXS A, C, aQd D) RI PCRPC VaPSOHV.

WH XVHd WKH Pa[LPaO SHUcHQW cKaQJH RbVHUYHd IURP ORQJLWXdLQaO VHUXP PSA YaOXHV WR

cOaVVLI\ WKH PCRPC VaPSOHV LQWR SaUWLcLSaQWV ZLWK aQ\ RU QR UHVSRQVH LQ accRUdaQcH ZLWK WKH

PRVW UHcHQW PURVWaWH CaQcHU COLQLcaO TULaOV WRUNLQJ GURXS (PCWG3) JXLdHOLQHV (43).

PaUWLcLSaQWV ZLWK a QHJaWLYH SHUcHQW cKaQJH LQ PSA aW aQ\ SRLQW ZHUH cOaVVLILHd aV ³AQ\

UHVSRQVH´ YHUVXV SaUWLcLSaQWV ZKR RQO\ Kad SRVLWLYH SHUcHQW cKaQJH LQ PSA ZKR ZHUH cOaVVLILHd
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aV ³NR UHVSRQVH´. WH IRXQd a VLJQLILcaQW aVVRcLaWLRQ (PHaUVRQ'V cKL-VTXaUHd WHVW, ȋ2 (2, N = 77)

= 30.0, S = 0.000028.) bHWZHHQ PCRPC JURXS OabHO aQd PSA UHVSRQVH caWHJRU\ ZLWK VaPSOHV

IURP GURXS D PRUH OLNHO\ WKaQ WKRVH IURP GURXS C WR bH IURP SaUWLcLSaQWV ZLWK ³AQ\ UHVSRQVH´

(Fig. 4.2B). TKH VaPSOHV ZLWKLQ JURXS D aOVR Kad a ORZHU VaPSOH OHYHO SHUcHQW cKaQJH LQ PSA

cRPSaUHd WR WKRVH LQ GURXS C (Fig. 4.2C).

TKH YLVXaOL]aWLRQ RI WKH P\HORLd cOXVWHU cRRUdLQaWHV ZLWKLQ WKH cRUUHVSRQdHQcH aQaO\VLV

VSacH VXJJHVWHd WKaW WKH GURXS C VaPSOHV Kad LQcUHaVHd abXQdaQcH LQ cOXVWHU 3 ZKLOH GURXS D

VaPSOHV Kad LQcUHaVHd abXQdaQcH LQ cOXVWHUV 0, 2, 9, aQd 13 (dHVLJQaWHd WKH ³JURXS D cOXVWHUV´)

(Fig. 4.2A (bRWWRP)).TKLV TXaOLWaWLYH RbVHUYaWLRQ ZaV cRQILUPHd b\ a TXaQWLWaWLYH aQaO\VLV RI WKH

cOXVWHU abXQdaQcHV ZKLcK VKRZHd WKH GURXS C VaPSOHV Kad KLJKHU abXQdaQcH IRU cOXVWHU 3 aQd

ORZHU abXQdaQcH IRU WKH VXPPHd JURXS D cOXVWHU abXQdaQcHV aQd YLcH YHUVa IRU WKH JURXS D

VaPSOHV (Fig. 4.2D).

PCRPC PaUWLFLSaQWV ZLWK RHVLVWaQFH WR IPPXQRWKHUaS\ USUHJXOaWH CKURQLF IQWHUIHURQ

SLJQaWXUH LQ CD14+ M\HORLG CRPSaUWPHQW

WH XVHd dLIIHUHQWLaO H[SUHVVLRQ aQaO\VLV WR LdHQWLI\ WKH VLJQLILcaQWO\ dLIIHUHQWLaOO\ H[SUHVVHd

JHQHV bHWZHHQ cHOOV IURP JURXS C VaPSOHV ZLWKLQ WKH JURXS C cOXVWHU (cOXVWHU 3) aQd cHOOV IURP

GURXS D VaPSOHV IURP WKH JURXS D cOXVWHUV. TKH cHOOV IURP WKH GURXS C cOXVWHU XSUHJXOaWHd

PaQ\ ISGV. (Fig. 4.2E). MaQ\ RI WKHVH ISGV RYHUOaSSHd ZLWK WKRVH LQ cKURQLc IFN VLJQaWXUHV

dHVcULbHd LQ YLUaO (U-ISGF3 VLJQaWXUH (44)), QRUPaO (TRQLc IFN (34)), aQd PaOLJQaQW

(IRDS/LQWHUIHURQ-dULYHQ LQKLbLWRU\ OLJaQdV (IDILV) (32,35)) VHWWLQJV. AddLWLRQaOO\, WKH VLQJOH-cHOO

VcRUH IRU WKH JHQH VHW VLJQLILcaQWO\ XSUHJXOaWHd (ORJ IROd cKaQJH > 1.5 aQd adMXVWHd S YaOXH <

0.05) JHQHV LQ WKH JURXS C cOXVWHU (L.H., COXVWHU 3 VLJ.) ZHUH PRUH KLJKO\ cRUUHOaWHd ZLWK WKH

cKURQLc IFN VLJQaWXUHV cRPSaUHd WR aQ acXWH IFN JHQH VHW (ISGF3 VLJQaWXUH (44)) WKaW cRQWaLQV
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ISGV WKaW aUH XSUHJXOaWHd b\ acXWH IFN VLJQaOLQJ aQd QRW b\ cKURQLc LQWHUIHURQ VLJQaOLQJ (Fig.

4.2F). TKXV, WKH ISGV XSUHJXOaWHd LQ cOXVWHU 3 (GURXS C cOXVWHU) VHHP WR UHSUHVHQW JHQHV

XSUHJXOaWHd b\ cKURQLc UaWKHU WKaQ acXWH IFN VLJQaOLQJ.

TKH cOXVWHU 3 abXQdaQcH VLJQLILcaQWO\ SRVLWLYHO\ cRUUHOaWHV ZLWK KLJKHU SHUcHQW cKaQJH LQ

PSA, UHSUHVHQWLQJ LQcUHaVHd WXPRU bXUdHQ, acURVV WKH PCRPC VaPSOHV (Fig. 4.2G). WH ZaQWHd

WR LQYHVWLJaWH LI WKH cKURQLc IFN VLJQaWXUH LQ cOXVWHU 3 ZaV dULYLQJ WKLV aVVRcLaWLRQ. TKXV, ZH

JaWHd RXW WKH cHOOV LQ cOXVWHU 3 ZKLcK dLd QRW H[SUHVV WKH cKURQLc IFN VLJQaWXUH caSWXUHd b\ WKH

U-ISGF3 JHQH VHW (ZKLcK Kad WKH KLJKHVW cRUUHOaWLRQ ZLWK WKH cOXVWHU 3 VLJQaWXUH). SXUSULVLQJO\,

WKH cOXVWHU 3 abXQdaQcH RI cHOOV ZKLcK dLd QRW RYHUH[SUHVV WKH cKURQLc IFN VLJQaWXUH ZaV aOVR

VLJQLILcaQWO\ SRVLWLYHO\ cRUUHOaWHd ZLWK KLJKHU SHUcHQW cKaQJH LQ PSA (Fig. 4.2H). TKXV, ZH

K\SRWKHVL]Hd WKaW RWKHU VLJQaWXUHV LQ cOXVWHU 3 ZHUH cRQWULbXWLQJ WR WKH aVVRcLaWLRQ ZLWK

UHVLVWaQcH WR LPPXQRWKHUaS\.

THQVRU DHFRPSRVLWLRQ RHYHaOV CKURQLF IQWHUIHURQ SLJQaWXUH aQG CRPSOHPHQW SLJQaWXUH

ZLWKLQ WKH CD14+ M\HORLG CHOO T\SH

WH XVHd VLQJOH-cHOO LQWHUSUHWabOH WHQVRU dHcRPSRVLWLRQ (VcITD) (45) aV aQ RUWKRJRQaO XQbLaVHd

PHWKRd WR dLVcRYHU JHQH VLJQaWXUHV ZLWKLQ WKH PCRPC VaPSOHV. WH XVHd SVHXdRbXONHd cRXQWV

acURVV WKH P\HORLd cHOO W\SHV (Fig. 4.1E), B, T, aQd NK cHOO W\SHV IURP VaPSOHV IURP HacK

PCRPC SaUWLcLSaQW aV WKH LQSXW WHQVRU (Fig. 4.3A). WH XVHd RQO\ RQH VaPSOH IURP HacK

SaUWLcLSaQW LQ RUdHU WR SRZHU WKH dLVcRYHU\ RI JHQH SURJUaPV WKaW caSWXUHd LQWHU-LQdLYLdXaO UaWKHU

WKaQ LQWUa-LQdLYLdXaO YaULaQcH. TKH WHQVRU dHcRPSRVLWLRQ XQcRYHUHd IRXU PXOWL-cHOOXOaU JHQH

SURJUaPV (L.H., IacWRUV) ZLWK cRQWULbXWLRQV IURP JHQHV acURVV HacK LQSXW cHOO W\SH ZKRVH

H[SUHVVLRQ (L.H., IacWRU VaPSOH VcRUHV) caSWXUHd YaULaQcH acURVV WKH LQSXW VaPSOHV. WH SURMHcWHd
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WKRVH IacWRUV RQWR WKH WHQVRU IURP aOO WKH PCRPC VaPSOHV WR JHW VcRUHV IRU HacK IacWRU acURVV aOO

WKH VaPSOHV.

WH VKRZ WKH VcRUHV IURP FacWRU 2 aQd WKH JHQHV ZLWK VLJQLILcaQW ORadLQJV LQ FacWRU 2 aV

aQ LOOXVWUaWLYH H[aPSOH. SaPSOHV ZLWK KLJKHU H[SUHVVLRQ RI WKH JHQHV ZLWK SRVLWLYH FacWRU 2

ORadLQJV KaYH a SRVLWLYH FacWRU 2 VcRUH ZKLOH VaPSOHV ZLWK ORZHU H[SUHVVLRQ RI WKH JHQHV ZLWK

SRVLWLYH ORadLQJV (aQd KLJKHU H[SUHVVLRQ RI WKH JHQHV ZLWK QHJaWLYH ORadLQJV, LI aSSOLcabOH) KaYH

a QHJaWLYH FacWRU 2 VcRUH (Fig. 4.3B (OHIW)). MaQ\ RI WKH aQQRWaWHd JHQHV ZLWK VLJQLILcaQW SRVLWLYH

ORadLQJV acURVV cHOO W\SHV aUH ISGV ZKLcK RYHUOaS ZLWK WKH cKURQLc IFN JHQHV ZH SUHYLRXVO\

LdHQWLILHd aV XSUHJXOaWHd LQ cOXVWHU 3 (Fig. 4.3B (ULJKW)). TKH FacWRU 2 VaPSOH VcRUHV aUH aOVR

VLJQLILcaQWO\ SRVLWLYHO\ cRUUHOaWHd ZLWK WKH cOXVWHU 3 VLJQaWXUH (Fig. 4.3C (OHIW)). TKXV FacWRU 2

VHHPV WR caSWXUH a cKURQLc IFN VLJQaWXUH acURVV cHOO W\SHV WKaW LV cRUUHOaWHd ZLWK WKH cKURQLc IFN

VLJQaWXUH ZLWKLQ WKH CD14+ P\HORLd cRPSaUWPHQW WKaW LV HQULcKHd LQ cOXVWHU 3.

TKH FacWRU 3 VcRUHV ZHUH aOVR VLJQLILcaQWO\ SRVLWLYHO\ cRUUHOaWHd ZLWK WKH cOXVWHU 3

VLJQaWXUH ZKLOH WKH RWKHU WZR IacWRUV ZHUH QRW (Fig. 4.3C (ULJKW)). FacWRU 3 Kad WKH KLJKHVW

QXPbHU RI VLJQLILcaQW SRVLWLYH JHQH ORadLQJV LQ WKH CD14+ cHOO W\SH. MaQ\ RI WKH VLJQLILcaQW

SRVLWLYH ORadLQJ JHQHV IRU FacWRU 3 LQ WKH CD14+ cHOOV aUH SaUW RI WKH cRPSOHPHQW V\VWHP (CA2,

FDX1, LGALS3, FCN1, PRCP, C3AR1).

CR-H[SUHVVLRQ RI CKURQLF IQWHUIHURQ SLJQaWXUH aQG CRPSOHPHQW SLJQaWXUH ZLWKLQ CD14+

M\HORLG CHOOV PUHGLFWV RHVLVWaQFH WR IPPXQRWKHUaS\

WH ZaQWHd WR LQYHVWLJaWH ZKHWKHU WKH CD14+ cHOO JHQH VLJQaWXUHV caSWXUHd b\ FacWRU 2 (cKURQLc

IFN VLJQaWXUH) aQd FacWRU 3 (cRPSOHPHQW VLJQaWXUH) cRXOd LQdHSHQdHQWO\ SUHdLcW LPPXQRWKHUaS\

UHVSRQVH. TKXV, ZH VcRUHd WKH H[SUHVVLRQ RI HacK IacWRU VLJQaWXUH, LQcOXdLQJ JHQHV ZLWK

VLJQLILcaQW SRVLWLYH ORadLQJV IRU WKH CD14+ cHOO W\SH IRU HacK IacWRU, acURVV WKH CD14+ cHOOV aQd
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JaWHd cHOOV aV H[SUHVVLQJ FacWRU 2 RQO\ (FacWRU 2 VLJ. > 0 aQd FacWRU 3 VLJ. < 0) RU FacWRU 3 RQO\

(FacWRU 2 VLJ. < 0 aQd FacWRU 3 VLJ. > 0). WH XVHd VL[-IROd cURVV YaOLdaWLRQ WR WUaLQ a VXSSRUW

YHcWRU PRdHO ZLWK a OLQHaU NHUQHO aV a cOaVVLILHU ZLWK WKH abXQdaQcH RI CD14+ cHOOV H[SUHVVLQJ

HLWKHU FacWRU 2 RU FacWRU 3 aV WKH LQSXW YaULabOH aQd LPPXQRWKHUaS\ UHVSRQVH caWHJRU\ aV WKH

bLQaU\ RXWSXW YaULabOH. WH XVHd WKH RHcHLYHU OSHUaWLQJ CKaUacWHULVWLc (ROC) PHWULc WR HYaOXaWH

WKH PRdHO SHUIRUPaQcH aQd IRXQd WKaW QHLWKHU IacWRU ZaV SUHdLcWLYH RI LPPXQRWKHUaS\ UHVSRQVH

VWaWXV cRPSaUHd WR a UaQdRP cOaVVLILHU (FacWRU 2 AUHa XQdHU WKH cXUYH (AUC) = 0.53 aQd FacWRU 3

AUC = 0.41) (Fig. 4.3D).

WLWKLQ cOXVWHU 3, LQ addLWLRQ WR cHOOV WKaW H[SUHVVHd RQO\ WKH FacWRU 2 RU FacWRU 3

VLJQaWXUH, WKHUH ZaV a IUacWLRQ RI cHOOV (31%) ZKLcK cR-H[SUHVVHd bRWK VLJQaWXUHV (Fig. 4.3E). WH

aOVR IRXQd aQ HQULcKPHQW LQ WKH SHUcHQW RI CD14+ cHOOV cR-H[SUHVVLQJ FacWRU 2 aQd FacWRU 3

VLJQaWXUHV LQ VaPSOHV IURP SaUWLcLSaQWV ZLWK UHVLVWaQcH WR LPPXQRWKHUaS\ (Fig. 4.3F). TKXV, ZH

K\SRWKHVL]Hd WKaW WKH cR-H[SUHVVLRQ RI FacWRU 2 aQd FacWRU 3 cRXOd bH a SUHdLcWRU IRU

LPPXQRWKHUaS\ UHVSRQVH. TKH abXQdaQcH RI CD14+ cHOOV cR-H[SUHVVLQJ FacWRU 2 aQd FacWRU 3

VLJQaWXUHV UHOLabO\ SUHdLcWHd LPPXQRWKHUaS\ UHVLVWaQcH (AUC = 0.79)  (Fig. 4.3G). TKH abLOLW\ WR

SUHdLcW LPPXQRWKHUaS\ UHVSRQVH IURP SUH-WUHaWPHQW aQd RQ-WUHaWPHQW VaPSOHV VXJJHVWV WKLV

CD14+ VWaWH ZKLcK cR-H[SUHVVHV WKH FacWRU 2 aQd FacWRU 3 VLJQaWXUHV LV a VWabOH LPPXQH VHW

SRLQW SUHVHQW aW baVHOLQH LQ PCRPC SaUWLcLSaQWV ZKR aUH UHVLVWaQW WR WKHUaS\ ZKLcK SHUVLVWV

dXULQJ LPPXQRWKHUaS\ WUHaWPHQW.

TSH[-OLNH CHOOV EQULFKHG LQ PCRPC IPPXQRWKHUaS\ RHVSRQGHUV

WKLOH WKH WHQVRU dHcRPSRVLWLRQ caSWXUHd WZR IacWRUV ZKRVH cR-H[SUHVVLRQ LQ CD14+ cHOOV ZaV

LQcUHaVHd LQ LPPXQRWKHUaS\ UHVLVWaQW PCRPC, LW dLd QRW LdHQWLI\ VLJQaWXUHV WKaW ZHUH HQULcKHd LQ

WKH UHVSRQdHUV. TKH JHQH VLJQaWXUH LQ WKH GURXS D cOXVWHUV HQULcKHd LQ UHVSRQdHUV (Fig. 4.2E)
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cRQWaLQHd LQIOaPPaWRU\ cKHPRNLQHV (CXCL3) aQd c\WRNLQHV (IL1B aQd IL1A) ZKLcK KaYH bHHQ

SUHYLRXVO\ VKRZQ WR bH SUR-WXPRU (46,47). TKXV, ZH K\SRWKHVL]Hd WKaW VLQcH WKH CD14+ cHOOV LQ

WKH UHVSRQdHUV dLd QRW KaYH aQ LPPXQRVWLPXOaWRU\ VLJQaWXUH, WKH\ UHSUHVHQWHd a SHUPLVVLYH

P\HORLd cRPSaUWPHQW ZKHUH WKH OacN RI SUHVXPabO\ LPPXQRVXSSUHVVLYH cKURQLc

IFN/cRPSOHPHQW CD14+ VLJQaWXUH cRXOd aOORZ IRU aQWL-WXPRU acWLYLW\ b\ RWKHU cHOO W\SHV. TKXV,

ZH IRcXVHd RQ RWKHU LPPXQH cRPSaUWPHQWV WKaW cRXOd KaYH LPPXQRVWLPXOaWRU\/aQWL-WXPRU

VLJQaWXUHV.

C\WRWR[Lc CD8+ T cHOOV aUH cUXcLaO WaUJHWV RI WKH UHVSRQVH WR cKHcNSRLQW UHcHSWRU

LQKLbLWRUV, LQcOXdLQJ LSLOLPXPab. TKXV, ZH IRcXVHd RQ WKH QRQ-QawYH CD8+ T cHOOV b\ VXbVHWWLQJ

aQd cOXVWHULQJ WKHP (Fig. 4.4A). OI WKH 13 cOXVWHUV, RQO\ cOXVWHU 6 ZaV VLJQLILcaQWO\ HQULcKHd

(adMXVWHd S YaOXH = 0.03, OLQHaU PL[Hd HIIHcW PRdHO) LQ SaUWLcLSaQWV ZLWK aQ\ UHVSRQVH cRPSaUHd

WR SaUWLcLSaQWV ZLWK QR UHVSRQVH WR LPPXQRWKHUaS\ (Fig. 4.4B). IQWHUHVWLQJO\, cOXVWHU 6 Kad WKH

KLJKHVW H[SUHVVLRQ RI TCF7 acURVV aOO WKH QRQ-QawYH CD8+ T cHOO cOXVWHUV (Fig. 4.4C). RHcHQWO\,

TCF1+ (HQcRdHd b\ WKH TCF7 JHQH) CD8+ T cHOOV ZKLcK aOVR H[SUHVV VRPH H[KaXVWLRQ PaUNHUV

(H.J., PD1) KaYH HPHUJHd aV ³VWHP-OLNH´ RU SURJHQLWRU H[KaXVWHd cHOOV (WHUPHd TSH[) ZKLcK aUH

HQULcKHd LQ WKH WXPRU dUaLQLQJ O\PSK QRdH aQd caQ WUaYHO WR WKH WXPRU WR PHdLaWH WKH UHVSRQVH WR

LPPXQRWKHUaS\ (48,49). TR H[SORUH LI cOXVWHU 6 UHSUHVHQWHd a TSH[-OLNH cHOO VWaWH, ZH VcRUHd JHQH

VLJQaWXUHV IURP a PHWa-aQaO\VLV RI WXPRU-LQILOWUaWLQJ T cHOOV (50) IRU WHUPLQaOO\ H[KaXVWHd CD8+

T cHOOV (THUPLQaO TH[) aQd TCF7+ T cHOOV aOVR H[SUHVVLQJ H[KaXVWLRQ PaUNHUV (TCF7+ TH[) (Fig.

4.4D-E). TKH PaMRULW\ RI cHOOV (70%) LQ cOXVWHU 6 RQO\ H[SUHVVHd WKH TCF7+ TH[ VLJQaWXUH aQd

dLd QRW H[SUHVV WKH THUPLQaO TH[ VLJQaWXUH (TCF7+ TH[ > 0 aQd THUPLQaO TH[ < 0) (Fig. 4.4F).

OYHUaOO, RXU daWa VXJJHVWV WKaW UHVLVWaQcH WR LPPXQRWKHUaS\ LQ PCRPC LV PHdLaWHd b\ aQ

LPPXQRVXSSUHVVLYH CD14+ P\HORLd cHOO VWaWH PaUNHd b\ WKH cR-H[SUHVVLRQ RI a cKURQLc
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LQWHUIHURQ VLJQaWXUH aQd cRPSOHPHQW VLJQaWXUH. IQ cRQWUaVW, LQ UHVSRQdHUV, aQ LQIOaPPaWRU\

CD14+ P\HORLd VWaWH UHSUHVHQWV a SHUPLVVLYH P\HORLd VLJQaWXUH ZKLcK aOORZV IRU aQWL-WXPRU

TSH[-OLNH CD8+ T cHOOV WR PHdLaWH a UHVSRQVH WR LPPXQRWKHUaS\ (Fig. 4.4G).

Discussion

HHUH ZH SUHVHQW VLQJOH-cHOO SURILOLQJ RI PBMCV IURP aQ PCRPC cRKRUW UHcHLYLQJ a cRPbLQHd

LPPXQRWKHUaS\ UHJLPH RI VLSXOHXcHO-T aQd LSLOLPXPab. WH IRXQd aQ LQIOaPPaWRU\ CD14+

P\HORLd VLJQaWXUH WKaW ZaV HQULcKHd LQ WKH SUH-WUHaWPHQW PCRPC VaPSOHV cRPSaUHd WR WKH

KHaOWK\ cRQWUROV. HXPaQ MDSCV aUH JHQHUaOO\ cOaVVLILHd LQWR WKUHH VXbW\SHV: HaUO\-VWaJH MDSC

(LLQ-HLA-DR-CD33+), SRO\PRUSKRQXcOHaU-MDSC (CD14-CD11b+CD15+), aQd

PRQRc\WLc-MDSC (M-MDSC) (CD11b+CD14+HLA-DRORZ/-CD15-) (25). TKH CD14+ P\HORLd

cHOOV IURP WKH PCRPC VaPSOHV Kad ORZ H[SUHVVLRQ RI MHC COaVV II VXJJHVWLQJ WKH\ RYHUOaS

ZLWK WKH M-MDSC cHOO W\SH. TKXV, RXU daWaVHW addV WR WKH VPaOO VHW RI VWXdLHV SURYLdLQJ

VLQJOH-cHOO SURILOLQJ RI MDSC/MDSC-OLNH cHOOV (51,52).

WH SHUIRUPHd a P\HORLd IRcXVHd VXb cOXVWHULQJ WR dHILQH VXbW\SHV ZLWKLQ WKH

KHWHURJHQHRXV CD14+ P\HORLd cRPSaUWPHQW. WH IRXQd a cR-H[SUHVVHd cKURQLc LQWHUIHURQ aQd

cRPSOHPHQW VLJQaWXUH LQ WKH CD14+ P\HORLd cHOOV ZKLcK SUHdLcWHd UHVLVWaQcH WR LPPXQRWKHUaS\.

PUHYLRXVO\, KHHQaQ HW aO. dHVcULbHd a cLUcXOaWLQJ CD14+ P\HORLd SRSXOaWLRQ ZLWK aQ

LQIOaPPaWRU\ VLJQaWXUH ZKLcK ZaV aVVRcLaWHd ZLWK UHVLVWaQcH WR aQWL-PD-1 WKHUaS\ LQ bLOLaU\

caQcHU (53). TKH CD14+ P\HORLd cRPSaUWPHQW LQ RXU PCRPC cHOOV Kad a VLPLOaU H[SUHVVLRQ RI

LQIOaPPaWRU\ PaUNHUV bXW RQO\ a VXbVHW H[SUHVVHd WKH SUHdLcWLYH cKURQLc LQWHUIHURQ aQd

cRPSOHPHQW VLJQaWXUH. TKXV RXU UHVXOWV Pa\ SUHVHQW a UHILQHPHQW RI WKLV SUHYLRXVO\ dHVcULbHd

SHULSKHUaO LPPXQRVXSSUHVVLYH CD14+ P\HORLd SRSXOaWLRQ. TKH cRPSOHPHQW VLJQaWXUH LV aQ

LQWULJXLQJ WKHUaSHXWLc WaUJHW VLQcH C3AR1 LV aVVRcLaWHd ZLWK PacURSKaJH LQILOWUaWLRQ LQ SURVWaWH
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adHQRcaUcLQRPa (54) aQd KaV bHHQ SURSRVHd aV a SRWHQWLaO LPPXQH cKHcNSRLQW UHcHSWRU WaUJHW

(55). RHcHQWO\, BRXNKaOHd HW aO. VKRZHd WKaW HSLJHQHWLcaOO\ SURJUaPPHd KLJK LQWHUIHURQ UHVSRQVH

caSacLW\ LQ CD4 HIIHcWRU T cHOOV SUHdLcWHd UHVLVWaQcH WR aQWL-PD1 WKHUaS\ (56). TKH cKURQLc

LQWHUIHURQ VLJQaWXUH ZH SURILOHd LQ WKH CD14+ P\HORLd cRPSaUWPHQW ZaV SaUW RI a PXOWLcHOOXOaU

SaWWHUQ WKaW ZaV H[SUHVVHd acURVV aOO WKH cHOO W\SHV (LQcOXdLQJ T cHOOV) LQ RXU WHQVRU

dHcRPSRVLWLRQ aQaO\VLV. FXWXUH VWXdLHV VKRXOd IRcXV RQ WKH cRQWULbXWLRQV RI cKURQLc LQWHUIHURQ

VLJQaOLQJ LQ dLIIHUHQW cHOO W\SHV WR LPPXQRWKHUaS\ UHVLVWaQcH.

IQ WKH UHVSRQdHUV, ZH IRXQd aQ LQcUHaVHd OHYHO RI TSH[-OLNH CD8+ T cHOOV cRPSaUHd WR

SaUWLcLSaQWV ZLWK QR PSA UHVSRQVH. TSH[ cHOOV LQ WKH SHULSKHU\ KaYH HPHUJHd aV LPSRUWaQW dULYHUV

RI UHVSRQVH WR ICIV. IQWHUHVWLQJO\, LQ WKH cRQWH[W RI PXULQH cKURQLc YLUaO LQIHcWLRQ, TCF1 KaV bHHQ

VKRZQ WR SURPRWH T cHOO VWHPQHVV WKURXJK RSSRVLQJ W\SH I IFN VLJQaOLQJ (57). TKXV cKURQLc

LQWHUIHURQ VLJQaOLQJ cRXOd bH a SUH-HVWabOLVKHd LPPXQH VHW-SRLQW dULYHQ b\ SaVW LQIHcWLRQV, WXPRU

IacWRUV, RU cRPPHQVaO PLcURbHV (58) ZKLcK IaYRUV WKH dHYHORSPHQW RI T cHOO H[KaXVWLRQ RYHU WKH

PaLQWHQaQcH RI T cHOO VWHPQHVV.

OXU VWXd\ addV WR a JURZLQJ cROOHcWLRQ RI bORRd bLRPaUNHU VLJQaWXUHV WKaW SUHdLcW RU

aVVRcLaWH ZLWK UHVSRQVH WR LPPXQRWKHUaS\ (10,12,59±62). TKH SUHdLcWLYH cKURQLc

LQWHUIHURQ/cRPSOHPHQW VLJQaWXUH ZH dHVcULbHd cRXOd bH XVHd aV a bLRPaUNHU WR VHOHcW PCRPC

cRKRUWV ZKR dR QRW KaYH a SUH-SURJUaPPHd UHVLVWaQcH WR LPPXQRWKHUaS\. CRKRUW VHOHcWLRQ ZLOO

bH a SRZHUIXO WRRO IRU UHaOL]LQJ WKH SRWHQWLaO RI cXUUHQW ICIV ZLWKLQ SURVWaWH caQcHU aQd RWKHU

VROLd WXPRUV (63). HRZHYHU HYHQ ZLWKLQ WKH PCRPC SaUWLcLSaQWV ZLWK aQ\ UHVSRQVH WR

LPPXQRWKHUaS\, WKHUH ZHUH RQO\ a VPaOO QXPbHU RI cRPSOHWH UHVSRQdHUV (N=3 ZLWK a SHUcHQW

cKaQJH LQ PSA OHVV WKaQ -50%). TKXV, IRU PRVW UHVSRQdHUV, WKH dHcOLQH LQ PSA UHSUHVHQWHd a

VKRUW-OLYHd UHVSRQVH WR LPPXQRWKHUaS\. OXU ILQdLQJV VXJJHVW WKaW dLVWLQcW QHZ WaUJHWHd
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WKHUaSHXWLc aSSURacKHV Pa\ bH QHHdHd IRU LQdLYLdXaOV ZKR aUH SUHdLcWHd WR KaYH UHVLVWaQcH

YHUVXV WKRVH ZKR aUH SaUWLaO UHVSRQdHUV WR cXUUHQW LPPXQRWKHUaS\ WKHUaSLHV WR XOWLPaWHO\

LPSURYH UHVSRQVH WR LPPXQRWKHUaS\ LQ SURVWaWH caQcHU aQd RWKHU VROLd WXPRUV.
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Figure 4.1 Inflammator\ m\eloid signature is a hallmark of metastatic prostate cancer in
the peripheral immune compartment
(A) CRPbLQHd LPPXQRWKHUaS\ UHJLPH ZLWK VLSXOHXcHO-T aQd LSLOLPXPab aQd bORRd VaPSOLQJ
WLPHOLQH IRU SaUWLcLSaQWV ZLWK PHWaVWaWLc caVWUaWLRQ-UHVLVWaQW SURVWaWH caQcHU (PCRPC) LQ WKH PCI
cRKRUW (OHIW). PRROLQJ VWUaWHJ\ IRU aQaO\VLV RI PCRPC aQd KHaOWK\ cRQWURO (HC) VaPSOHV ZLWK
PXOWLSOH[Hd CITE-VHT (ULJKW). (B) UMAP RI aOO cHOOV cRORUHd aQd OabHOHd ZLWK cHOO W\SH. (C) BR[
SORW RI abXQdaQcH RI HacK LQdLcaWHd cHOO W\SH LQ WKH 10 SUH-WUHaWPHQW PCRPC VaPSOHV YHUVXV WKH
9 HC VaPSOHV. (D) HHaWPaS VKRZLQJ VWaQdaUd VcaOH QRUPaOL]Hd H[SUHVVLRQ IRU WKH LQdLcaWHd
JHQHV (URZ OabHOV) IRU SUH-WUHaWPHQW PCRPC aQd HC VaPSOHV. RRZ aQQRWaWLRQV LdHQWLI\
HQULcKHd SaWKZa\V WKaW WKH JHQHV aUH LQcOXdHd LQ. (E) UMAP RI P\HORLd cHOOV cRORUHd b\ OHLdHQ
cOXVWHU aQd OabHOHd ZLWK aQQRWaWHd cHOO W\SH. (F) BR[ SORW RI abXQdaQcH RI HacK LQdLcaWHd P\HORLd
OHLdHQ cOXVWHU LQ WKH 10 SUH-WUHaWPHQW PCRPC VaPSOHV (bOXH) YHUVXV WKH 9 HC VaPSOHV (JUa\).
SLJQLILcaQcH LQdLcaWHd b\ aVWHULVN IRU S YaOXH (H[acW SHUPXWaWLRQ WHVW) < 0.05 (*), < 0.1 (**), <
0.001 (***). (G) UMAP RI P\HORLd cHOOV cRORUHd b\ dLVHaVH VWaWXV (PCRPC ± DLVHaVH [UHd] RU
HHaOWK\ CRQWURO ± HHaOWK\ [JUa\]). (H) VLROLQ SORW RI VLQJOH cHOO VcRUHV IRU MHC COaVV II JHQH
VHW IRU PCRPC (DLVHaVH) RU HHaOWK\ CRQWURO (HC) cHOOV IURP CD14+ P\HORLd cOXVWHUV IURP
(E/G). EIIHcW VL]H (ȕ) aQd S YaOXH aUH IURP a OLQHaU PL[Hd-HIIHcWV PRdHO. (I) DRW SORW VKRZLQJ
H[SUHVVLRQ RI OabHOHd JHQHV IRU HacK cOXVWHU IURP (E) LV VKRZQ b\ SHUcHQWaJH RI cHOOV ZLWK
H[SUHVVLRQ JUHaWHU WKaQ ]HUR (dRW VL]H) aQd PHaQ H[SUHVVLRQ IRU cHOOV ZLWK QRQ]HUR H[SUHVVLRQ
(cRORU).
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Figure 4.2 Chronic interferon signature in CD14+ m\eloid compartment captures mCRPC
sample heterogeneit\
(A) CRUUHVSRQdHQcH aQaO\VLV SORW baVHd RQ cRPSRVLWLRQaO daWa IRU HacK VaPSOH acURVV WKH
P\HORLd cOXVWHUV LQ Fig. 1E VKRZLQJ cRRUdLQaWHV IRU HacK VaPSOH (WRS) aQd IRU HacK cOXVWHU
(bRWWRP). DRWV IRU HacK VaPSOH aUH cRORUHd accRUdLQJ WR JURXS (GURXS A - D) aVVLJQHd b\
N-PHaQV cOXVWHULQJ RQ SORW cRRUdLQaWHV, aQd WKH dRW VKaSH LQdLcaWHV VaPSOH LdHQWLW\ aV
SUH-WUHaWPHQW (+) aQd dXULQJ WUHaWPHQW (Ɣ) PCRPC VaPSOHV RU HC (Ÿ). (B) BaUSORW RI WKH
QXPbHU RI VaPSOHV IURP SaUWLcLSaQWV ZLWK QR UHVSRQVH (RUaQJH) RU aQ\ UHVSRQVH (JUHHQ) ZLWKLQ
HacK P\HORLd JURXS IURP A. TKH S YaOXH LV IURP PHaUVRQ'V cKL-VTXaUHd WHVW. (C) BR[SORW RI
SHUcHQW cKaQJH LQ PSA IRU VaPSOHV LQ HacK JURXS IURP (A). DRWV IRU HacK VaPSOH aUH cRORUHd
accRUdLQJ WR WKH UHVSRQVH IRU WKH SaUWLcLSaQW RI RULJLQ [QR UHVSRQVH (RUaQJH) RU aQ\ UHVSRQVH
(JUHHQ)]. (D) ScaWWHU SORW VKRZLQJ cOXVWHU 3 abXQdaQcH (GURXS C HQULcKHd cOXVWHU) YHUVXV WKH VXP
RI abXQdaQcHV LQ cOXVWHU 0, 2, 9, aQd 13 (GURXS D HQULcKHd cOXVWHUV) IRU VaPSOHV LQ GURXS C (dRWV
cRORUHd SXUSOH) aQd GURXS D (dRWV cRORUHd bOXH). UMAPV KLJKOLJKWLQJ HacK VHW RI cOXVWHUV aUH
VKRZQ aORQJ HacK a[LV. (E) VROcaQR SORW RI dLIIHUHQWLaOO\ H[SUHVVHd JHQHV IURP SVHXdRbXONHd
cRXQWV IRU cOXVWHU 3 IURP JURXS C VaPSOHV YHUVXV cRXQWV IRU JURXS D cOXVWHUV (cOXVWHU 0, 2, 9, aQd
13) IURP JURXS D VaPSOHV. DRWV aUH cRORUHd aV VLJQLILcaQWO\ RYHUH[SUHVVHd (adMXVWHd S YaOXH <
0.05 aQd ORJ2 IROd cKaQJH > 1) LQ GURXS C cOXVWHU (SXUSOH), GURXS D cOXVWHUV (bOXH), RU QRW
VLJQLILcaQWO\ dLIIHUHQW bHWZHHQ WKH JURXSV (JUa\). LabHOHd JHQHV ZKLcK aUH VLJQLILcaQWO\
RYHUH[SUHVVHd LQ GURXS C aUH cRORUHd accRUdLQJ WR WKH LQWHUIHURQ JHQH VHWV WKH\ bHORQJ WR aV
LQdLcaWHd LQ WKH OHJHQd. (F) HLHUaUcKLcaO cOXVWHULQJ RI PHaUVRQ¶V cRUUHOaWLRQ YaOXHV bHWZHHQ
VLQJOH-cHOO VcRUHV LQ aOO P\HORLd cHOOV IRU WKH WKUHH JHQH VHWV XVHd WR dHILQH cKURQLc LQWHUIHURQ
(IFN) VLJQaOLQJ, WKH acXWH IFN RQO\ JHQH VHW, aQd WKH cOXVWHU 3/JURXS C VLJQaWXUH IURP E. ScaWWHU
SORW RI SHUcHQW cKaQJH LQ PSA YHUVXV cOXVWHU 3 abXQdaQcH (G) aQd cOXVWHU 3 abXQdaQcH IRU cHOOV
QRW H[SUHVVLQJ WKH U-ISGF3 cKURQLc LQWHUIHURQ VLJQaWXUH (H) IRU HacK PCRPC VaPSOH. DaVKHd
OLQH LV WKH bHVW ILW OLQH aQd PHaUVRQ'V cRUUHOaWLRQ cRHIILcLHQW U aQd S YaOXH aUH JLYHQ LQ RYHUOaLd
WH[W.
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Figure 4.3 CD14+ m\eloid cells co-expressing chronic interferon signature and complement
signature are predictive of immunotherap\ response resistance
(A) ScKHPaWLc RI WHQVRU dHcRPSRVLWLRQ IRU WKH SVHXdRbXONHd cRXQWV acURVV 13 cHOO W\SHV acURVV
aOO cHOOV. (B) HHaWPaSV VKRZLQJ FacWRU 2 VaPSOH VcRUHV (OHIW) aQd FacWRU 2 JHQH ORadLQJ YaOXHV
(ULJKW). (C) ScaWWHU SORW RI cOXVWHU 3/JURXS C VLJQaWXUH IURP E YHUVXV FacWRU 2 (OHIW) RU FacWRU 3
(ULJKW) VaPSOHV VcRUHV. DaVKHd OLQH LV WKH bHVW ILW OLQH aQd PHaUVRQ'V cRUUHOaWLRQ cRHIILcLHQW U aQd S
YaOXH aUH JLYHQ LQ RYHUOaLd WH[W. (D) ROC cXUYHV IRU SUHdLcWLQJ QR YHUVXV aQ\ UHVSRQVH
LQdLYLdXaOV XVLQJ WKH SHUcHQWaJH RI cHOOV LQ CD14+ cOXVWHUV H[SUHVVLQJ RQO\ FacWRU 2 CD14+ cHOO
W\SH VLJQaWXUH (OHIW) RU RQO\ FacWRU 3 CD14+ cHOO W\SH VLJQaWXUH (ULJKW). LHJHQd VKRZV AUC
YaOXHV IRU HacK VL[-IROd cURVV YaOLdaWLRQ. (E) DHQVLW\ SORW IRU FacWRU 2 CD14+ cHOO W\SH VLJQaWXUH
YHUVXV FacWRU 3 CD14+ cHOO W\SH VLJQaWXUH LQ cHOOV IURP cOXVWHU 3. (F) BR[SORW RI SHUcHQWaJH RI
cHOOV LQ CD14+ cOXVWHUV H[SUHVVLQJ FacWRU 2 CD14+ cHOO W\SH VLJQaWXUH aQd FacWRU 3 CD14+ cHOO
W\SH VLJQaWXUH LQ VaPSOHV IURP QR (RUaQJH) RU aQ\ (JUHHQ) UHVSRQVH LQdLYLdXaOV. (G) ROC cXUYHV
IRU SUHdLcWLQJ QR YHUVXV aQ\ UHVSRQVH LQdLYLdXaOV XVLQJ WKH SHUcHQWaJH RI cHOOV LQ CD14+ cOXVWHUV
H[SUHVVLQJ FacWRU 2 CD14+ cHOO W\SH VLJQaWXUH aQd FacWRU 3 CD14+ cHOO W\SH VLJQaWXUH. LHJHQd
VKRZV AUC YaOXHV IRU HacK VL[-IROd cURVV YaOLdaWLRQ.
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Figure 4.4 Tpex-like non-nawve CD8+ T cell cluster associated with response to
immunotherap\
(A) UMAP RI QRQ-QawYH CD8+ T cHOOV cRORUHd b\ OHLdHQ cOXVWHU. (B) BR[SORW RI SHUcHQWaJH RI
QRQ-QawYH CD8+ T cHOOV LQ HacK cOXVWHU LQ A IRU UHVSRQdHUV YHUVXV QRQ-UHVSRQdHUV. SLJQLILcaQcH
LQdLcaWHd b\ aVWHULVN IRU S YaOXH (OLQHaU PL[Hd HIIHcW PRdHO) < 0.05 (*). (C) HHaWPaS VKRZLQJ
VWaQdaUd VcaOH H[SUHVVLRQ RI PaUNHU JHQHV IRU cOXVWHUV LQ A. UMAP RI QRQ-QawYH CD8+ T cHOOV
cRORUHd b\ VLQJOH-cHOO VcRUH RI TC7+ TH[ (D) aQd THUPLQaO TH[ (E) CD8+ T cHOO VLJQaWXUHV (F)
DHQVLW\ SORW IRU TC7+ TH[ aQd THUPLQaO TH[ VLQJOH-cHOO VcRUHV LQ cHOOV IURP cOXVWHU 6. (G)
GUaSKLcaO abVWUacW VXPPaUL]LQJ dLVWLQcW cHOOXOaU LPPXQH VLJQaWXUHV aVVRcLaWHd ZLWK WKH
UHVLVWaQcH RU UHVSRQVH WR LPPXQRWKHUaS\ LQ PCRPC.
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Materials and Methods

Single-cell RNA and ADT Librar\ Preparation and Sequencing. TKH 99[ aQWLbRd\ SRRO ZaV

SUHSaUHd b\ cRPbLQLQJ 2 PL RI HacK aQWLbRd\ IURP WKH 99[ AbVHT SaQHO (BD CaW. QR. 564220)

aQd dLaO\]LQJ LQWR 100 PL RI VWaLQLQJ bXIIHU XVLQJ aQ APLcRQ UOWUa-0.5 dHYLcH. AQWLbRd\ SRRO

ZaV NHSW aW 4 �C dXULQJ cHOO WKaZLQJ.

FUR]HQ PBMCV IURP SaUWLcLSaQWV LQ HacK RI WKH 8 PXOWLSOH[Hd SRROV (a16 SaUWLcLSaQWV/SRRO; 13

JHQHWLcaOO\ dLVWLQcW VaPSOHV IURP WKH PCI cRKRUW aQd 3 KHaOWK\ aJH aQd JHQdHU-PaWcKHd KHaOWK\

cRQWUROV) ZHUH HacK WKaZHd LQWR 10 PL RI CHM PHdLa (500 PO RPMI SOXV 25 PL ILOWHUHd KXPaQ

VHUXP, 2.5 PL L-GOXWaPLQH, 5 PL PHQ-SWUHS, 5 PL SRdLXP P\UXYaWH, aQd 5 PL NRQ-HVVHQWLaO

APLQR AcLdV) WKHQ cHQWULIXJHd aQd UHVXVSHQdHd LQ 10 PL RI CHM PHdLa ZLWK DNAVHI (15 U /

PL; RRcKH CaW. QR. 04536282001). TKH cHOOV ZHUH LQcXbaWHd LQ WKH DNAVHI PHdLa IRU 30

PLQXWHV aW 37 �C bHIRUH bHLQJ UHVXVSHQdHd LQ CHM PHdLa IRU cHOO cRXQWLQJ XVLQJ a CHOORPHWHU

AXWR T4. ETXaO QXPbHU RI cHOOV IURP HacK VaPSOH ZHUH cRPbLQHd WR cUHaWH a SRRO RI 1,000,000

cHOOV. TKH SRROHd cHOOV ZHUH VWaLQHd aW URRP WHPSHUaWXUH IRU 10 PLQXWHV ZLWK WKH HXPaQ

TUXSWaLQ FcX bORcNLQJ UHaJHQW (5 PL UHaJHQW; BD / 95 PL VWaLQLQJ bXIIHU (2% BSA/0.02%

TZHHQ LQ 1X PBS)) bHIRUH VWaLQLQJ IRU 45 PLQXWHV ZLWK WKH aQWLbRd\ SRRO aW 4 �C. SWaLQHd cHOOV

ZHUH ZaVKHd WKUHH WLPHV ZLWK 2 PL RI VWaLQLQJ bXIIHU IRU HacK ZaVK. TKH UHVXOWLQJ cHOO SRRO ZaV

UHVXVSHQdHd LQ CHM PHdLa aQd ILOWHUHd WKURXJK a FORZPL VWUaLQHU (SLJPa CaW. QR.

BAH136800040) WR UHPRYH cHOO cOXPSV. TKH VLQJOH cHOO VXVSHQVLRQ ZaV dLOXWHd WR \LHOd a 3,906

cHOO / PL VROXWLRQ RI ZKLcK 20 PL ZaV XVHd WR ORad 78,125 cHOOV/ZHOO RYHU 4 ZHOOV SHU SRRO RQWR

WKH 10[ GHQRPLcV cRQWUROOHU IRU a WaUJHW caSWXUH UaWH RI 30-40% RI ORadHd cHOOV/ZHOO IRU a \LHOd RI

a4,000 cHOOV/VaPSOH.
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DURSOHW-baVHd SaLUHd VLQJOH-cHOO JHQH H[SUHVVLRQ (GEX) OLbUaU\ SUHS ZaV SHUIRUPHd XVLQJ WKH

10[ GHQRPLcV CKURPLXP SLQJOH CHOO 3' Y.3 NLW SHU PaQXIacWXUHU¶V LQVWUXcWLRQV IURP 10[

GHQRPLcV ZLWK WKH addLWLRQ RI a 0.5 PL RI a 4 PM RI aQ addLWLYH SULPHU (5¶-

CAGACGTGTGCTCTTCCGATCT) aW WKH cDNA aPSOLILcaWLRQ VWHS IRU WKH JHQHUaWLRQ RI WKH

aQWLbRd\ dHULYHd WaJ (ADT) cDNA IURP WKH BD AbVHT SaQHO. TKH VXSHUQaWaQW IURP WKH SRVW

cDNA aPSOLILcaWLRQ UHacWLRQ cOHaQXS ZaV XVHd WR SUHS WKH ADT cDNA OLbUaULHV SHU

PaQXIacWXUHU¶V LQVWUXcWLRQV IURP BD aV dHWaLOHd LQ NHHO\ HW aO. (64). TKH UHVXOWLQJ GEX aQd

ADT OLbUaULHV ZHUH VHTXHQcHd RQ aQ IOOXPLQa NRYaVHT 6000 VHTXHQcHU ZLWK SaLUHd-HQd (PE)

UHadV ZLWK a WaUJHW RI a25,000 PE UHadV SHU cHOO IRU bRWK WKH GEX aQd ADT OLbUaULHV IURP HacK

ZHOO.

Bulk RNA Sequencing for Genot\ping. RNA H[WUacWLRQ IURP aW OHaVW 40,000 cHOOV ZaV

SHUIRUPHd ZLWK WKH QLaJHQ RQHaV\ MLQL KLW SHU PaQXIacWXUHU¶V LQVWUXcWLRQV. cDNA ZaV

SUHSaUHd aQd aPSOLILHd XVLQJ WKH SUHYLRXVO\ SXbOLVKHd SMARTSHT2 SURWRcRO XVLQJ WKH IOOXPLQa

NH[WHUa XT DNA LLbUaU\ PUHSaUaWLRQ KLW. TKH UHVXOWLQJ OLbUaULHV ZHUH VHTXHQcHd RQ aQ IOOXPLQa

HLSHT 4000 VHTXHQcHU ZLWK SaLUHd-HQd (PE) UHadV ZLWK a WaUJHW RI 25,000,000 UHadV SHU VaPSOH.

GHQRW\SHV IRU HacK SaUWLcLSaQW ZHUH H[WUacWHd IURP WKH UHVXOWLQJ IaVWTV aV dHVcULbHd LQ (65).

BULHIO\, TXaOLW\ cRQWURO IRU WKH UaZ IaVWT UHadV ZaV cRPSOHWHd ZLWK FaVWQC Y.0.11.8 (66) aQd ORZ

TXaOLW\ UHadV ZHUH WULPPHd ZLWK TULP GaORUH Y.0.4.4_dHY aV a ZUaSSHU IRU CXWadaSW Y.1.18 (67).

TKH ILOWHUHd UHadV ZHUH aOLJQHd XVLQJ WKH STAR Y.2.4.2a_PRdLILHd (68) ZLWK WKH dHIaXOW VHWWLQJV

WR WKH GRCK38 WUaQVcULSWRPH. GATK Y.4.0.6.0 (69) ZaV XVHd WR caOO SNPV WR \LHOd JHQRW\SHV IRU

HacK LQdLYLdXaO.

Alignment of Single-cell Sequencing Data. TKH GEX aQd ADT IaVWT ILOHV ZHUH aOLJQHd XVLQJ

CHOORaQJHU Y.3.0.1 ZLWK WKH dHIaXOW VHWWLQJV WR WKH GRCK38 WUaQVcULSWRPH RU a cXVWRPL]Hd
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UHIHUHQcH ILOH IURP BD IRU WKH AbVHT aQWLbRdLHV, UHVSHcWLYHO\, UHVXOWLQJ LQ 873,755 cHOOV (baVHd

RQ WKH CHOORaQJHU cHOO caOOLQJ aOJRULWKP IURP WKH GEX OLbUaULHV) ZLWK cRXQWV IRU 33,538 JHQHV

aQd 99 SURWHLQV.

Demultiplexing. TKH aOLJQHd GEX VHTXHQcLQJ UHadV ZHUH dHPXOWLSOH[Hd ZLWK IUHHPX[OHW (70),

aV SUHYLRXVO\ dHVcULbHd (71), WR LdHQWLI\ cHOOV IURP HacK SaUWLcLSaQW baVHd RQ KRVW JHQHWLcV aQd WR

H[cOXdH dRXbOHWV IURP WKH daWa. TKH JHQRW\SHV HVWLPaWHd IURP bXON RNA-VHT ZHUH cRPSaUHd WR

WKRVH HVWLPaWHd b\ IUHHPX[OHW WR PaWcK WKH VaPSOH LdV ZLWK WKH IUHHPX[OHW LdV. B\ UHSHaWLQJ WKLV

SURWRcRO RYHU 8 SRROV, 98% RI cHOOV IURP a WRWaO RI 117 VaPSOHV ZHUH VXccHVVIXOO\ dHPXOWLSOH[Hd.

Cell and Gene Filtering. TKH GEX aQd ADT cRXQW PaWULcHV IURP aOO SRROV ZHUH cRPbLQHd aQd

ILOWHUHd (72). LRZ TXaOLW\ cHOOV (17% RI WRWaO cHOOV) ZHUH ILOWHUHd RXW baVHd RQ KaYLQJ QXPbHU RI

JHQHV dHWHcWHd RU WRWaO cRXQWV RI XQLTXH PROHcXOaU LdHQWLILHUV (UMIV) OHVV WKaQ 3 PHdLaQ abVROXWH

dHYLaWLRQV (MAD) bHORZ WKH PHdLaQ aQd ZLWK SHUcHQW RI WRWaO UMIV PaSSLQJ WR PLWRcKRQdULaO

JHQHV JUHaWHU WKaQ 3 MAD abRYH WKH PHdLaQ IRU HacK 10[ ZHOO. GHQHWLc dRXbOHWV (24% RI KLJK

TXaOLW\ cHOOV) ZHUH UHPRYHd b\ RQO\ NHHSLQJ cHOOV ZKLcK ZHUH caOOHd aV VLQJOHWV IRU WKH VaPH

SaUWLcLSaQW IURP WKH cRQVHQVXV RI IUHHPX[OHW aQd VRXSRUcHOO Y.2.0 (73). TR dHWHcW QRQ-JHQHWLc

dRXbOHWV, ZH UaQ WKH VcUXbOHW ZHOO RQ cHOOV IURP HacK LQdLYLdXaO ZHOO aQd XVHd a GaXVVLaQ

PL[WXUH PRdHO WR cOXVWHU WKH VLPXOaWHd dRXbOHW VcRUHV LQWR WZR dLVWULbXWLRQV. TKH PLQLPXP

dRXbOHW VcRUH RI WKH dLVWULbXWLRQ ZLWK WKH KLJKHU SHaN dRXbOHW VcRUH ZaV XVHd aV WKH WKUHVKROd WR

PaUN ³QHRW\SLc´ dRXbOHWV baVHd RQ WKH dRXbOHW VcRUH IRU HacK cHOO aVVLJQHd b\ VcUXbOHW Y.0.2.3.

TKHVH QHRW\SLc dRXbOHWV (1.1% RI KLJK TXaOLW\ cHOOV) ZHUH aOVR UHPRYHd. WH ILOWHUHd RXW 7,031

JHQHV WKaW ZHUH dHWHcWHd LQ OHVV WKaQ 3 cHOOV.

TR aYRLd RYHUO\ VWULQJHQW ILOWHULQJ baVHd RQ ORZ cRXQWV RI HBB, ZH ILOWHUHd RXW UHd bORRd cHOOV

(RBCV) (1.0% RI KLJK TXaOLW\ VLQJOHWV) baVHd RQ cOXVWHULQJ cHOOV LQ HacK ZHOO LQWR RBC aQd
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QRQ-RBC dLVWULbXWLRQV baVHd RQ UaZ HBB cRXQWV XVLQJ a GaXVVLaQ PL[WXUH PRdHO LPSOHPHQWHd

ZLWK VNOHaUQ Y.0.24.1 (74). POaWHOHWV (UaZ PF4 cRXQW > 0) (2.6% RI KLJK TXaOLW\ VLQJOHWV) ZHUH

aOVR ILOWHUHd RXW. FLQaOO\, cHOOV IURP KHaOWK\ cRQWURO VaPSOHV WKaW ZHUH JHQHWLcaOO\ IHPaOH (5.2%

RI KLJK TXaOLW\ VLQJOHWV) aQd cHOOV IURP VaPSOHV (N=7) ZLWK OHVV WKaQ 1000 cHOOV (0.5% RI ILOWHUHd

VLQJOHWV) ZHUH aOVR UHPRYHd WR OHaYH a PaWUL[ RI 408,783 cHOOV aQd 26,867 JHQHV.

Processing for ADT Counts. TKH ADT cRXQWV ZHUH CLR QRUPaOL]Hd b\ cHOO.

Normali]ation, Batch Correction, and Visuali]ation. TKH UaZ cRXQWV ZHUH QRUPaOL]Hd WR

10,000 cRXQWV aQd ORJ1S WUaQVIRUPHd. FRU dRZQVWUHaP aQaO\VHV, ZH H[cOXdHd aOO RBC UHOaWHd

JHQHV (HBA1, HBA2, HBB, HBG1, HBG2, HBQ1, HBD, HBM, HBZ) aQd XIST, WR aYRLd

cOXVWHULQJ cHOOV baVHd RQ dHWHcWLRQ RI WKHVH JHQHV. WH LdHQWLILHd 1,850 KLJKO\ YaULabOH JHQHV

ZKLcK ZHUH XVHd ZLWK WKH dHIaXOW VHWWLQJV LQ VcaQS\ Y.1.7.1 IRU SULQcLSaO cRPSRQHQW (PC)

aQaO\VLV. TKHVH PC cRRUdLQaWHV ZHUH XVHd aV WKH LQSXW WR HaUPRQ\ Y.0.0.5 (75) IRU baWcK

cRUUHcWLRQ ZLWK HacK SRRO aV a baWcK. TKH WRS 20 baWcK cRUUHcWHd PCV ZHUH XVHd IRU QHaUHVW

QHLJKbRU dHWHcWLRQ ZLWK VcaQS\.SS.QHLJKbRUV. TKH QHLJKbRUKRRd JUaSK ZaV XVHd IRU cOXVWHULQJ

ZLWK WKH OHLdHQ aOJRULWKP (76) aQd dLPHQVLRQaOLW\ UHdXcWLRQ ZLWK XQLIRUP PaQLIROd

aSSUR[LPaWLRQ aQd SURMHcWLRQ (UMAP) (77). TKLV UHVXOWHd LQ 20 cOXVWHUV ZKLcK ZHUH cROOaSVHd

LQWR 14 cHOO W\SHV. WH XVHd WKH H[SUHVVLRQ RI PaUNHU JHQHV aQd SURWHLQV IRU WKH B cHOO, P\HORLd,

aQd NK cHOO W\SH aQQRWaWLRQV. FRU WKH T cHOOV, ZH aXWRPaWLcaOO\ JaWHd SRVLWLYH aQd QHJaWLYH cHOOV

XVLQJ a GaXVVLaQ PL[WXUH PRdHO LPSOHPHQWHd ZLWK VNOHaUQ Y.0.24.1 WR JaWH CD4+ T cHOOV

(CD3+CD4+CD8-), CD8+ T cHOOV (CD3+CD4-CD8+), DP T cHOOV (CD3+CD4+CD8+), aQd DN

T cHOOV (CD3+CD4-CD8-).

Sub-clustering of M\eloid Cells. WH ILUVW VXbVHWWHd 80,280 P\HORLd cHOOV. WH aVVLJQHd cHOO

c\cOH SKaVH WR HacK cHOO XVLQJ WKH VcaQS\ IXQcWLRQ Vc.WO.VcRUH_JHQHV_cHOO_c\cOH ZLWK WKH JHQH OLVW
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IURP (78). WH UHJUHVVHd RXW SHUcHQW RI cRXQWV PaSSHd WR PLWRcKRQdULaO JHQHV, SHUcHQW RI cRXQWV

PaSSHd WR ULbRVRPaO JHQHV. WH LdHQWLILHd 1,551 KLJKO\ YaULabOH JHQHV ZKLcK ZHUH XVHd ZLWK WKH

dHIaXOW VHWWLQJV LQ VcaQS\ Y.1.7.1 IRU SULQcLSaO cRPSRQHQW (PC) aQaO\VLV. TKHVH PC cRRUdLQaWHV

ZHUH XVHd aV WKH LQSXW WR HaUPRQ\ Y.0.0.5 IRU baWcK cRUUHcWLRQ ZLWK cHOO c\cOH SKaVH, dLVHaVH

VWaWXV, aQd SRRO aV a baWcK, LWHUaWLYHO\. TKH WRS 20 baWcK cRUUHcWHd PCV ZHUH XVHd IRU QHaUHVW

QHLJKbRU dHWHcWLRQ ZLWK VcaQS\.SS.QHLJKbRUV, cOXVWHULQJ ZLWK WKH OHLdHQ aOJRULWKP, aQd

YLVXaOL]aWLRQ ZLWK UMAP. TKLV UHVXOWHd LQ 15 cOXVWHUV ZKLcK ZHUH cROOaSVHd LQWR 6 cHOO W\SHV.

Sub-clustering of Non-nawve CD8+ T Cells. WH ILUVW VXbVHWWHd 45,780 QRQ-QawYH CD8+ T cHOOV.

NawYH CD8 T cHOOV ZHUH UHPRYHd b\ JaWLQJ CD45RA+CCR7+ cHOOV IURP WKH CD8+ T cHOOV ZLWK

a GaXVVLaQ PL[WXUH PRdHO LPSOHPHQWHd ZLWK VNOHaUQ Y.0.24.1. WH aVVLJQHd cHOO c\cOH SKaVH WR

HacK cHOO XVLQJ WKH VcaQS\ IXQcWLRQ Vc.WO.VcRUH_JHQHV_cHOO_c\cOH ZLWK WKH JHQH OLVW IURP (78). WH

LdHQWLILHd 1,603 KLJKO\ YaULabOH JHQHV ZKLcK ZHUH XVHd ZLWK WKH dHIaXOW VHWWLQJV LQ VcaQS\ Y.1.7.1

IRU SULQcLSaO cRPSRQHQW (PC) aQaO\VLV. TKHVH PC cRRUdLQaWHV ZHUH XVHd aV WKH LQSXW WR HaUPRQ\

Y.0.0.5 IRU baWcK cRUUHcWLRQ ZLWK cHOO c\cOH SKaVH, dLVHaVH VWaWXV, aQd SRRO aV a baWcK, LWHUaWLYHO\.

TKH WRS 20 baWcK cRUUHcWHd PCV ZHUH XVHd IRU QHaUHVW QHLJKbRU dHWHcWLRQ ZLWK

VcaQS\.SS.QHLJKbRUV, cOXVWHULQJ ZLWK WKH OHLdHQ aOJRULWKP, aQd YLVXaOL]aWLRQ ZLWK UMAP WR

LdHQWLI\ aQd JUaSK 13 cOXVWHUV.

Differential Gene Expression. PVHXdRbXONHd VaPSOHV ZHUH QRUPaOL]Hd ZLWK WKH YaULaQcH

VWabLOL]LQJ WUaQVIRUPaWLRQ (VST) IXQcWLRQ IURP DESHT2 Y.1.22.2 (79). DLIIHUHQWLaO JHQH

H[SUHVVLRQ ZaV dRQH ZLWK a QHJaWLYH bLQRPLaO PRdHO ZLWK PXOWLSOH WHVWLQJ cRUUHcWLRQ ZLWK

BHQMaPLQL-HRcKbHUJ LPSOHPHQWHd YLa DESHT2.

Gene Set Enrichment Anal\sis. TKH dLIIHUHQWLaO JHQH OLVW ZaV ILOWHUHd WR UHPRYH JHQHV ZLWK NA

IRU WKH adMXVWHd S YaOXH RU ORJ IROd cKaQJH. TKH ILOWHUHd JHQH OLVW ZaV XVHd WR cUHaWH UaQNHd JHQH
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OLVWV ZLWK WKH VLJQ(ORJ IROd cKaQJH) WLPHV WKH -ORJ10(UaZ S YaOXH) aV WKH UaQNLQJ PHWULc. TKH

UaQNHd OLVW ZaV XVHd aV LQSXW WR ORRN IRU JHQH VHW HQULcKPHQW LQ SaWKZa\V IURP WKH BP: VXbVHW RI

GO JHQH VHWV RI WKH C5: RQWRORJ\ JHQH VHWV aQd WKH IPPXQHSLJDB VXbVHW RI WKH C7:

LPPXQRORJLc VLJQaWXUH JHQH VHWV IURP WKH HXPaQ MROHcXOaU SLJQaWXUHV DaWabaVH (MSLJDB)

(80) LQ WKH µcOaVVLc¶ PRdH ZLWK WKH GSEAPUHUaQNHd WRRO IURP GSEA Y.4.1.0

(KWWS://ZZZ.bURad.PLW.HdX/JVHa/) ZLWK WKH dHIaXOW VHWWLQJV.

Differential MHC Class II Expression. MHC COaVV II H[SUHVVLRQ VLQJOH cHOO VcRUHV ZHUH

aVVLJQHd XVLQJ WKH ORJ-QRUPaOL]Hd VcaOHd JHQH cRXQWV aQd WKH JHQH OLVW (HLA-DRA, HLA-DRB5,

HLA-DRB1, HLA-DQA1, HLA-DQB1, HLA-DQA2, HLA-DQB2, HLA-DOB, HLA-DMB,

HLA-DMA, HLA-DOA, HLA-DPA1, HLA-DPB1, CD74) aV LQSXWV WR WKH VcRUH_JHQHV IXQcWLRQ

IURP VcaQS\. SLJQLILcaQW dLIIHUHQcH LQ MHC COaVV II H[SUHVVLRQ IRU cHOOV IURP CD14+ cOXVWHUV

IURP PCRPC RU KHaOWK\ cRQWURO (HC) VaPSOHV ZaV dHWHUPLQHd ZLWK a OLQHaU PL[Hd HIIHcW PRdHO

MHC COaVV II VcRUH  a dLVHaVH caWHJRU\ (PCRPC RU HC) + OHLdHQ cOXVWHU ZLWK a UaQdRP

LQWHUcHSW IRU HacK VaPSOH LPSOHPHQWHd ZLWK VWaWVPRdHOV Y.0.13.2 (81).

Correspondence Anal\sis. WH LPSOHPHQWHd WKH cRUUHVSRQdHQcH aQaO\VLV (CA) IURP SULQcH

Y.0.7.1 (82). WH SHUIRUPHd N-PHaQV cOXVWHULQJ ZLWK VNOHaUQ Y.0.23.1 RQ WKH VWaQdaUd VcaOHd CA

cRRUdLQaWHV. WH dHWHUPLQHd WKH QXPbHU RI cOXVWHUV XVLQJ WKH cOXVWHU QXPbHU IURP 1 WR 10 cOXVWHUV

ZLWK WKH PLQLPXP VLOKRXHWWH VcRUH aQd PLQLPXP VXP RI VTXaUH HUURU.

PSA Anal\sis. WH caOcXOaWHd SHUcHQW cKaQJH LQ PSA IURP WKH baVHOLQH PSA YaOXH cORVHVW WR

aIWHU WKH cRPSOHWLRQ RI VLSXOHXcHO-T (Da\ 0) [UaQJH RI baVHOLQH PSA: -16 da\V WR 19 da\V; PHdLaQ

da\V = -3.5. PaUWLcLSaQWV ZLWK aQ\ QHJaWLYH SHUcHQW cKaQJH LQ PSA ZHUH aVVLJQHd aV ³AQ\

UHVSRQVH´ aQd SaUWLcLSaQWV ZLWK RQO\ SRVLWLYH SHUcHQW cKaQJH LQ PSA ZHUH aVVLJQHd aV ³NR
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UHVSRQVH´. FRU WKH aVVRcLaWLRQ bHWZHHQ PSA UHVSRQVH VWaWXV aQd CA SORW P\HORLd JURXS, ZH XVHd

a cKL-VTXaUH WHVW IURP VcLS\ Y.1.8.1 (83).

Gene Set Scoring. FRU VLQJOH-cHOO VcRULQJ RI JHQH VLJQaWXUHV, ZH XVHd WKH LQdLcaWHd JHQH OLVW WR

cUHaWH VLQJOH-cHOO VcRUHV IURP WKH ORJ-QRUPaOL]Hd VcaOHd JHQH cRXQWV ZLWK WKH VcRUH_JHQHV

IXQcWLRQ IURP VcaQS\ Y.1.9.1.

Tensor Decomposition. WH XVHd SRRO dLVWULbXWHd VaPSOHV (RQH IURP HacK SaUWLcLSaQW) IRU WKH

LQLWLaO WHQVRU dHcRPSRVLWLRQ ZLWK VcITD Y.1.0.2. OQO\ VaPSOHV ZLWK aW OHaVW 10 cHOOV LQ HYHU\ cHOO

W\SH ZHUH LQcOXdHd LQ WKH LQLWLaO WHQVRU dHcRPSRVLWLRQ aQd IRU WKH SURMHcWLRQ RI WKH IacWRUV.

Predictive Modeling. WH cUHaWHd a VXSSRUW YHcWRU cOaVVLILHU PRdHO ZLWK VNOHaUQ Y. 1.1.1. FRU WKH

WUaLQLQJ/WHVW VSOLWV, ZH SaUWLWLRQHd aOO WKH VaPSOHV IURP a SaUWLcXOaU SaUWLcLSaQW LQWR HLWKHU WKH

WUaLQLQJ RU WHVW VHW WR aYRLd LQIOaWHd SHUIRUPaQcH dXH WR RYHUILWWLQJ LQ WKH WUaLQLQJ VHW RQ VaPSOHV

IURP a SaUWLcLSaQW aQd WKHQ WHVWLQJ RQ VaPSOHV IURP WKH VaPH SaUWLcLSaQW LQ WKH WHVW VHW.

Other. WH XVHd VcLS\ Y.1.8.1 IRU PHaUVRQ cRUUHOaWLRQ cRHIILcLHQW caOcXOaWLRQ, NXPP\ Y.1.22.4

(84) IRU WKH bHVW ILW OLQH aQaO\VLV, SaQdaV Y.1.4.3 (85) IRU daWa IUaPH PaQLSXOaWLRQ, aQd PaWSORWOLb

Y.3.5.2 (86) aQd VHabRUQ Y.0.11.2 (87) IRU WKH YLVXaOL]aWLRQV. FLJXUH 4.1A aQd 4.4G ZHUH cUHaWHd

ZLWK BLRRHQdHU.cRP.
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