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BET & JARZT EROEREIT) LI
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166 HEEH

MTAHZEIINETH L. € L CRIEMERH
D JAKZY™ allele burden OAHNAY, MARFER
HRRAEILNDORAITY) A7 2 EOIRREIZ O %
MLEIREINTNE ™. —J, JAK2
allele burden @AY, HIEMILOERE & &
DEI T ONT WL DODRIIARHL E2 %
Wi 2o—RE LT JAKZ allele burden
DEACITHEMICEL L 512, Eflo7+0—
UL B EDEZHND.

RIEME 2O EE RS SH XN =X L
D—o2L LT, REFy IR NG T
{Programmed cell death receptor (PD-1) /
ligand (PD-L1) | 2815 CTw5 W JEEHI
F®PD-L1 & THIN LD PD-1 256352 &
T, THIRORBEALRL VDWW 2 JEERALDTH
BENLZERMSNTWS Y, JAKZ g5
AP MPN I2BW T, JAKZ 28R %
PR ERER K U A S NS II/MRIE, 2 DML
FMHIZPDL1 2 @FICHBE LT 2. 2LT
PD-L1/PD-1 4 % 4/~ L C, PD-1 Biko s
Jo % HEBR L, AEHE L CJARZOT R ER 7
O— > O RERET B EESN TV P
F TR, EEREBIED T AV ARRE G
D &) RHEIIPUR R EEIRE T CIXEEN 22 E
PR g ilg o B2 1218, PD-1 B4 CDS8 Bz
THREAEELZHNFE (72275 —flifg) T
HoHIENWS P E RS &5 |2 PDI
Btk CD8 Btk T Mg o ¢4, et kkH i
(CXCR5 Bgth) » BB % BT 580 A 7 =
7 &7 —#ifg (CD101 batk) ZAEAMT 2 &8
RENTWS B LaL MPNIZBIFA IR
5 OMBEOBYREIZHH S 22Tl 22\,

Al &4 1%, JARZOTT R ImER 2 0 — v
DOILRE, M EIZHEBHT LHEETF = v 7
RA Y N FOMBREEZHL 22T 5412,
JAKZ" PSR AL MPN B E 264128\ T,
KRS D JAKZY™ allele burden, PD1 Bk
CD8 btk T fifg#E D E A, Ifl/MK 1o PD-L1
HBHLXVEHEL, OB ZFHEL 7.

II. 5 &

1. x5

202047 H1 HA2HFEE12 H 11 HOMIZ
T RS E 7 B 0 i 5 N R 0 e R o
JAKZ'F s B A k5 MPN & 2l S - i
26 %% BEH 7. ZWHE WHO 438 (%5 4 i)
WX VAT DNEVESLIME, AREVE ML/ N LR
B REAAEE (L IMAERS, AREMEI N fE
BrET) (IO IR E 7SS
PERGHE 2 FFo BB IR L7, CoWiseids
FEMRFEFZBHHEZH S THRAKE I N
(MH2019-011), §XTOEBEEWIENEDH
HEIT- 72812, RAPSEHICL LFEELS
7z

2. M > 7 v

MEREL, MUME PD-L1, ) Y288k 7 kv b
DORNGE L, #H OERIRIRA R OFRM % FH L 72
BAKPIC I PratESE & L CEDTA 2 L 72
2 TNT, EHEBMERET AN T MmERE %
Bk, 70— A~ A M) —%HWwWTPDL]
B PE I/, PD-1 Bt CD8 Btk T A % i 72
L7 RKWImEkh o JAK2™ allele burden I3,
S 5\ WITFRBEIZ O H Y TR JAKZ
BIZTFEREREXF Y b (VAR 7 R)] 9 &
LTHIEIN T — % 2 HW2 BIARIZIE,
A ME 2 BREL, HAXBR A i L 72 HAZZkD
5%/ 5 DNA & L, JAKZ' % Bifn
T FE 72 JARZ B AR R T & T NSRS
K794~ —BL07u—-72HnwC, E&
PCRIZX ) BAME - Bt L7z JAKZ™ allele
burden (%) X JAKZ" © a2 ¥ — % x 100
/) JAKZ2"™ a2 ¥ — 8+ B4R JAK2 D a ¥ —
e L THBLZ.

3. 7ua—H% A MXKM)—

41l % AL ER T BEGR 2 T Re PR TR 30 43
THA L 7z, M/ E o PD-L1 O #EF 121
CD41-APC/Cy7 (HIPS), PD-L1-PE (29E.2A3)
% J\:, Rolfes 5O HFEICHEL 27, RKi§iMo
) YREREZF DY TRy FoMEFIZIE, CD45-
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Tablel. Patients characteristics

PV ET post PV/ET total
Characteristics n=7 n=9 l\i[F n=26
n=10

Median age (years) (range) 63.8 (53-72) 65.8 (35-83) 62.7 (44-78) 64.1 (35-83)
Sex Male (%) (15 39) 4 (15.39) 4 (15.3) 12 (46.1)
Female (%) 1.5) 5(19.2) 6 (23.0) 4 (53.8)
Cytoreductive drugs Hydroxycarbamide (%) (7 6) 4 (15.3) 4 (15.3) 0 (38.4)
Treatment Ruxolitinib (%) 0 (0) 0 (0) 4 (15.3) 4 (15.3)
Anagrelide Hydrochloride Hydrate(%) 0 (0) 1(3.8) 3 (11.5) 4 (15.3)
phlebotomy (%) 5(19.2) 0 (0) 3 (11.5) 8 (30.7)
Disease duration day (days) (range) 1618 (82-4851) 2383 (143-4745) 2341 (22-6971) 2161 (22-6971)
Allelle burden mean (%) (range) 67.1 (88959) 429 (3.1-86.3) 615 (14-96.3) 56.6 (3.1-96.3)
Platelet (x 10°/ul) mean (range) 71.1 (39.997.2) 624 (36.0-91.5) 426 (5.7-103.4) 57.8 (5.7-103.4)
No. of prior thrombosis (%) 1(3.8) 1(3.8) 3 (11.5) 5(19.2)

ET; essential thrombocythemia, MF; myelofibrosis, PV; polycythemia vera.

APC/Cy7 (2D1), CD3-PE/Cy7 (OKT3),
CD8-PerCP (RPA-T8), PD-1-PE (EHI2.2H7),
CD101-APC (BB27), CXCR5 -APC (252D4),
CD28-APC (CD282) #H\w7-. lEo&ETo
YUk 13 Biolegend & D A L 72, Zefafz Dk
MER VA IM & [ % WL % BD FACSTM Lysing
Solution (HANRZ ¥ - T v Xy v) %
HwTiTw, Bl > 7V e Bl L7z Y
TIWVOWE LT — & Hif%1E FACSCanto 1T flow
cytometer (BD Biosciences, Franklin Lakes,
NJ, USA) T 41 v, FACS Diva version 8.0
software (BD Biosciences) % FIV>CTHEMT L 72,

4. FREHEAT

2 T ] @ b ¥ 1% Mann-Whitney @ U % %2
T, 3BEMOIL#RIE Kruskal - Wallis #%E T17
WV, p <00l ZAEE L BEMEOME X
Spearman OB Z 1TV p < 001 = HE &
L7z, &ToO#HEH#NTIL, Prizm9 (GraphPad
Software, San Diego, CA) % H\WTAiT- 7.

1. #& &
BEMELME 7 %, ARREMEIVIMRIILE 9 4, T
B O OFRRAMEERATE] 10 HOEED 26 7 H°
BiRshz, BEEREZHFIIRT (Table 1).

A7 & DML IR AL 17 %4 (65.3%), 18I
HELE 84 (30.7%) ~MThiLTwiz, HiEK
DO H T 3 Ruxolitinib D% 5% 2 lF T
HEFHIT4% (1563%) ThHo7-.

1. M/N# E o PD-L1 38 3l & & JAK2'™

allele burden (X & 2> 7 tHRIBA AR A3 L >

Prestipino & ¥ 12 & 0 iE, JAKZ" 75 5
AL/ 1 PD-L1 S Bl & #In & & % 7,
JJAKZ"" allele burden & Il /MK 1 @ PD-L1
EHEIIMBE T A 2 & FHE SN /MK
L@ PD-L1 % ORI, CD41 Bzt o il g
E£MZ /MR E L, PE £ L 7280 PD-L1 Uik
12X ) PEREOFEGHELZ 70— 4 F A b
) — 12 & D flE L7z PD-L1 @SS H /MR
(Fig. 1A-) & F¥EaEtiEE (mean fluorescent
intensity: MFI) (Fig. 1A-i) % HIZ/RT.

TR L T JAKZY™ allele burden 1, i
/IR D PD-L1 & & 055\ HE 278 L
728, MEtFICEEEY RO o7z (Fig
1B). F7-JAKZ"®™ allele burden (X PD-L1 5&
FEBLM/ IR & 55WAHBI 2 3R 7225, et i

WCEBEMEZRD -7 (Fig 1C).

Z 2T, I/ Lo PD-L1 #BIHIZHET S

EFHEENDEIRE T2 T CHE L W
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DIZHBHE OEWZ L L 72, ZREEO
JAKZ" allele burden (Fig. 1-D), &5 5l [
DI/ o PD-L1 EHE (Fig. 1-E) &, W
TNOMAFNICHEE LR EZZRO R P72 K
V2B SR RE N ORI RAT (X MM A % 5| &
BT s, MM E OMHBRRZ T
72 HBI LR e 2o 72 (Fig. 1-F). MPN &
W60 H# (Fig 1-G) B X UEEER (Fig.
I-H) &, 55V MBI % 5B 205 eI A &
MWEZBD R0 FRMBRREDOBEIZ X &
WERRRET L7272, ARG ET Bk d - 72 (Fig
1-I). Ruxolitinib (X JAKZ ¥ F — ¥ iE M %2
HIL, PD-L1ZEH 23MH§ 2 hetkd s 2 2.
Ruxolitinib % 5-H @ B FH T I/ MR &K D
PD-L1 #HIZAEIMELT L Tz (Fig 1-]).
L2 L PD-L1 O @5/ MMOE S IIHE %
RO o7z (Fig 1-K).

IS DRERIE, JAKZ™™ allele burden &
/R E o PD-L1 & & OIS 27 4
MR ENC L 2R L TWa, 72, AL
M/, W25 OFER, 4B, MASEDRE
i, I/ Eo PD-L1 BHEICEE L 20
ZEERLTNAD,

2. JAKZ2" allele burden ® ¥ hn iz £ b,

PD-1 B4 CD8 Btk T Mg 1233 5.

K12 CD45 Btk CD3 Btk CD8 Bt THLE &
N2MlaEREZ CD SHMETMAEE L, oM
fa i o> PD-1, CD101 (=7 = 7 % —#fild),

CXCR5 (pfifaefiifig), CD28 (fifi Bl A
T2 OFBE 70— P A M) —I2X
DEME L 72 (Fig. 2-A).

JAKZ2" allele burden &, R K4 If [ 1M £k
o) VoRERIEER TRV A 2 R 72 (r =
088, p < 001) (Fig. 2-B). 7z, FH4If A
Bk CD8 Bt T Ml 2 (r = 062, p < 0.01)
(Fig. 2-C), PD-1 1% CDS8 b4 T Mg tb=% (r
=060, p < 001) (Fig. 2-D), PD-1 K4 CD101
bk CD8 but: T HMiflg (=7 =2 & —#lifig)
% (r = 067p < 001) (Fig. 2-E), PD-1 [ 1
CD28 Bt CDS B T M lt= (r = 067, p <
001) (Fig. 2-F) &, AEZSEHEZ RO 72
PD-1 Bz 4 CXCR5 B 1 CD8 B 1% T il i (&
MR RRMI R TE=RiE, FHRIRALR % FR0D 4 o
72 (Fig. 2-G). @& ORI A 125
BRI L A LD SN0 & R,
4] MPN & 12 B W T H D TU OB T
Hhotz.

Ruxolitinib & JAKZ ¥+ — B & ¥ L,
1) 2 SERE R S 5 W EEYEAS S B Ruxolitinib
BHREE, U v RERILE (Fig 2- H) , CDS8 I
4 T Mgt (Fig. 2-1), PD-1 B CDS B4
THE% (Fig. 2-]), PD-1 B CD101 Btk
CD8 b1k T Mgtz (Fig. 2.K), PD-1 bk
CXCR5 B CDS8 B T Ml (Fig. 2-L) i3,
WIS IRWEE IR 72 AR IC A B
ER RO o7z,

Fig. 1. PD-L1 expression level on platelets.

(A) i) Flow cytometry analysis showing the PD-L1 high platelet population. ii) Representative histogram
of the fluorescence of anti-PD-L1 PE (light gray), or an IgG matched isotype control antibody PE
(gray), on platelets from MPN patients. Bar indicates MFL (B) Association between JAXKZ"'™ allele
burden (%) and PD-L1 expression on platelets (MFI). (C) Association between JAKZ"™ allele burden
(%) and PD-L1 high platelet (%). (D) JAK2""" allele burden (%) from MF, PV and ET patients. (E)
PD-L1 expression on platelets (MFI) from MF, PV and ET patients. (F) Association between PD-L1
expression on platelets (MFI) and platelet count. (G) Association between PD-L1 expression on platelets
(MFI) and days from diagnosis of MPN. (H) Association between PD-L1 expression on platelets (MFI)
and age. (I) PD-L1 expression on platelets (MFI) and history of prior thrombosis. (J) PD-L1 expression
on platelets (MFI) and present administration of ruxolitinib. (K) PD-L1 high platelet population (%)
and present administration of ruxolitinib. PE; Phycoerythrin, MFI; mean fluorescent intensity, MPN;

myeloproliferative neoplasms, n.s.; not significant.
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PLE X b, PDI1 Btk CDS Btk T #i B 14,
JAKZ2"™ allele burden & A& &7 & O MBI RI 4R
AR L7z, ZORRIL JAKZTT AR s 0 —
YHERIZHE, BEGSRIE O EE R WT L AHE
ENBHTT 27— T ERRL
TW5h,
3. I /MR o PD-L1 % 8 & & PD-1 By %
CDS8 1 T #E NS BE (X B & 2> 72 AH BE B4R
WAZ ML/ = @ PD-L1 %6 31 5%, PD1 By 1%
CD8 Btk T flifa~5G- 2 2 222D TGS L
720 IM/MREO PD-L1 5EHm &, V) 2 3Bk
% (%) (Fig. 3-A), CD8 Bk T Mt =% (Fig.
3-B), PD-1F1% CD8 F % T i3 l % (Fig.
3-C), PD-1 B CD101 B 7% CDS8 By 74 T #l
o bt % (Fig. 3-D), PD-1 B 14 CXCR5 By 1%
CDS8 [tk T Mgt (Fig. 3-E) &, IEDFH
FHBIBIRIC® % 25, MEHAIICHE B %
Moz, F72, PD-L1 O @3B/ O E &
L, ) voRERILE (%) (Fig 3-F), CDS Wy
P T Mgt % (Fig. 3-G), PD-1 B4 CD8 B
T M AL L% (Fig. 3-H), PD-1 B4 CD101
W ¥ CD8 b 14 T i B Ik 2 (Fig. 3-1), PD-1
W 1k CXCR5 B 1 CD8 B PE T Ml b= (Fig.
3)) FEHFENICE B R RRO Lo
IS OfERIE, M/MMR O PD-L1 FE3 LA
S PD1 B CD8 B % T MU e & 3B & 20 %2
MBEBERIC W &Ry, T2, JAKZOT
allele burden ®EHNIZ L 1), PD-1 B4 CDS Iy
VE T BB AT 2 HREER, KA O

It/ E > PD-L1 ZE 88 A S L 7% W EE 2 R
ER

Iv. =

SRR TIE, JAKZ™™ allele burden @
wmE &I, PUER%E XIS PDL ik
CD8 bk T flifufED A4 5 2 EVH O &
o7z, — T/ _E @ PD-L1 58 & 13,
JAK2F allele burden % PD1 By 14 CDS8 Iy %
THIIEHEE OB O 2 HBARE RS Lo
7z,

MPN Ti&, I F CJAK2" 2558 71—
X d A FEER A M R T M L 72
AEHRZEN TR, L LUEI2S A ~
y—7 28y hP—ED JAKZ" allele burden
IR A RS Z LR, FMEBMEIC L D HEET
BLREGIOHFAEDN S, JAKZ T BER 10— 2
X BEERIEDOFEENE R N TE Y,

Lo E D& OBE T, JAKZYT allele
burden & PD-1 [ 14 CD8 B 14 T # fa He = A3
WARRE L7z L LIRS, 1) v 7SBRIEER D
VB 2 R L CB ), CD8 Bk T #ihu
WZBR 597 2 /XEk 4K A% allele burden HEH0 &
E Izl E N Tw/z. MPN TlE, Myeloid
DC ®» & T ', Myeloid-derived suppressor
cells (MDSC) o>, 4 b7h A v HH
DEAL® %Y, T MO KR REET 201
FTRELEPHE SN TS, ES=E (allele
burden) 2HENNT 5 &, ZNSHDOEILIZLD
) UONEREERDEA L, ZUE CD8 Bk

Fig. 2. Correlation between PD-1 positive CD8+T cells and JAXZ2"*™ allele burden.

(A) Flow cytometry analysis showing CD8+Tcells and their subpopulations. (B) Correlation between
JAKZ2™ allele burden (%) and frequency of lymphocytes (%). (C) Correlation between JAKZ " allele
burden (%) and frequency of CD8+Tcells (%). (D) Correlation between JAKZ"" allele burden (%) and
frequency of PD1+CD8+Tcells (%). (E) Correlation between JAKZ"™ allele burden (%) and frequency
of PD1+CD101+CD8+Tcells (%). (F) Correlation between JAKZY™ allele burden (%) and frequency
of PD1+CD28+CD8+Tcells (%). (G) Association between JAKZ"™™ allele burden (%) and frequency of
PD1+CXCR5+CD8+Tcells (%). (H-L): Frequency of lymphocytes (H), CD8+Tcells (I), PD1+CD8+Tcells
(J), PD1+CD101+CD8+Tcells (K), PD1+CXCR5+CD8+Tcells (L) (%) and present administration of

ruxolitinib.
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Fig. 3. PD-L1 expression on platelets and CD8+Tcell subpopulations.

(A-E) Association between PD-L1 expression on platelets (MFI)
and lymphocytes (A), CD8+Tcells (B), PD1+CD8+Tcells (C),
PD1+CD101+CD8+Tcells (D), PD1+CXCR5+CD8+Tcells
(E) (%). (F-]): Association between PD-L1 high platelet
(%) and frequency of lymphocytes (F), CD&8+Tcells (G),
PD1+CD8+Tcells (H), PD1+CD101+CD8+Tcells (I),
PDI1+CXCR5+CD8+Tcells (J) (%).
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Abstrat

Chronic myeloproliferative neoplasms carrying the
somatic JAK 2" mutation ( JAK 2" MPN) are
characterized by the expansion of neoplastic clones
and high immunogenicity. Expression of programmed
cell death ligand-1 (PD-L1) in JAX 2" MPNs is
mainly induced in megakaryocytes, platelets, and
monocytes. The JAKZ2'* allele burden indicates
the size of clonal hematopoiesis from hematopoietic
progenitor cells. Although the importance of T cell-
mediated anti-tumor immunity and JAXKZ2"F allele
burden in the pathogenesis of MPN progression has
previously been documented, little is known about
the relationship between these factors.

We therefore analyzed the phenotype and frequency

of PD-1+ CD8+ T cells and the expression levels
of PD-L1 in platelets in 26 patients with JAK2'%'F
MPN. We found that the frequency of PD-1+ CD8+
T cells inversely correlated with the JAKZ2V®F
allelic burden. However, the PD-L 1 expression levels
on platelets had no correlation with JAK 2" allele
burden or the CD8+ T cell subpopulations.

These data indicate that the expansion of clonal
hematopoiesis restrains antitumor immunity, resulting
in reduced frequency of PD1+ CD8+ T cells, and
that the expression level of PD-L1 on platelets may
not reflect the JAK 2" allele burden or antitumor
Immunity.
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