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[ Abstract ] Objective To investigate whether ruxolitinib can slow down the progression of primary myelofibrosis
(PMF) by inhibiting angiogenesis at exosome level. Methods Exosomes were extracted from bone marrow samples collected
from 3 newly diagnosed PMF patients before treatment (newly diagnosed group) and after 3 month of treatment with ruxolitinib
(ruxolitinib group) and 3 primary immune thrombocytopenia patients (control group). The expression of angiogenesis-related
factors in exosomes was detected by Western blotting. The exosomes were co-cultured with human umbilical vein endothelial
cells (HUVECS) for 24 h. The proliferation ability of HUVECs was detected by cell counting kit 8 method. The cell cycle
distribution of HUVECs was detected by flow cytometry. The migration and invasion of HUVECs were detected by scratch
assay and Transwell invasion assay. The mRNA and protein expression levels of invasion- and proliferation-related factors in
HUVECs were detected by quantitative polymerase chain reaction and Western blotting. Results Compared with the control
group, the expression levels of vascular endothelial growth factor (VEGF), VEGF receptor 1 (VEGFR1), hypoxia inducible
factor-1a (HIF-10) and cyclooxygenase-2 (COX-2) in the exosomes were significantly higher in the newly diagnosed group (all
P<0.01), while they were significantly lower in the ruxolitinib group than those in the newly diagnosed group (all <<0.01).
Compared with the control group, the proliferation, migration and invasion of the HUVECs co-cultured with exosomes were
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significantly enhanced in the newly diagnosed group (all P<<0.05), while they were significantly weakened in the ruxolitinib
group than those in the newly diagnosed group (all £<<0.05). The proportion of HUVECs co-cultured with exosomes at S
phase was higher in the newly diagnosed group than that in the control group, while the proportion of HUVECs co-cultured
with exosomes at S phase was lower in the ruxolitinib group than that in the newly diagnosed group. Compared with the
control group, the mRNA and protein expression levels of matrix metalloproteinase (MMP)-2, MMP-9, focal adhesion
kinase (FAK) and proliferating cell nuclear antigen (PCNA) in the HUVECs co-cultured with exosomes were significantly
higher in the newly diagnosed group (all P<<0.01), while they were significantly lower in the ruxolitinib group than those
in the newly diagnosed group (all P<<0.01). Conclusion Bone marrow-derived exosomes can promote the progression of

PMF through angiogenesis, and ruxolitinib can inhibit angiogenesis at exosome level to exert the therapeutic effect of PMF

in vitro.
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Fig1 Exosome morphology in transmission electron microscopy (A) and expression of exosome marker proteins

in each group detected by Western blotting (B)
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Fig 2 Expression of angiogenesis-related factors in exosomes of each group detected by Western blotting
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VEGFR1: VEGF receptor 1; HIF-1a: Hypoxia inducible factor-1a; COX-2: Cyclooxygenase-2.
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Fig 3 Cell cycle distribution of HUVECs co-cultured with exosomes of each group detected by flow cytometry

The proportions of S phase cells in the total cycle cells co-cultured with exosomes of the control group, newly diagnosed group, and

ruxolitinib group were 18.5%, 38.6%, and 25.7%, respectively. HUVEC: Human umbilical vein endothelial cell.
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Fig 4 Migration and invasion of HUVECsS co-cultured with exosomes of each group (200 X)

A: Cell migration scratch assay results; B: Invasion assay results. HUVEC: Human umbilical vein endothelial cell.
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Fig5 Expression of invasion- and proliferation-related factors in HUVECs co-cultured with exosomes in each group

A: mRNA levels detected by quantitative polymerase chain reaction; B: Protein levels detected by Western blotting. "P<<0.05, "P<<0.01

vs control group; S4P<0.01 vs newly diagnosed group. n=3, x+s. HUVEC: Human umbilical vein endothelial cell; MMP: Matrix

metalloproteinase; FAK: Focal adhesion kinase; PCNA: Proliferating cell nuclear antigen.

ABFFEEEE T 3 ]l e M i MR
F (WFREZH ) K 3 5 PMF HEGITRT (R1i24) .
FRIRICIRIT 3 M AE (e ) M aREmsh
WM, N AR 1 BT BRI X AT T 5 P AR I A
A1 2&H ¥ VEGF. VEGFRI, HIF-la, COX-2 /K

PEATARGI, AR WoR, SXTIRAAHLE, WS4l
PRPEAN IR rh B3R 58 A AR G IR s 3,

A JE 4N A LR TR KSR 12
AR, W PMF A 5| & A 5 s 2K P fie 14 8
AN TR SN AR = R4, DT e 2 g

R4

A=



. 460 -

MR R 2024 4E 4 H, 45 %

K&, WA JE IR IR PMF B BRI A s A
R I A B AR AR DGR K TR B, A — 2 4 e 417
TR

R T S UEANMAT A AL D RE A SR, AR
HBET /N A ) HUVEC SE55 32 I A T RIJR 5256
Transwell {28525 . CCK-8 5256 . 4 5 5 5256
S 4k BLR IR, W)12 PMF BB BE IR I A b A
A5 HUVEC 345 . iE% IR ZE, 1R A Al
JeIRTT JE E BEIEESNIMAXT HUVEC Y451 . 12850
1RZBHF ORI

PR AL 5 . B RS AR B A R AE
RAFFEAMEA" . i s SR & B, 40
Mik% PCNA ik /K75 40 B i 16 o4 S IE AR G, H
A AL T 58 R PCNA A g ) 2
FAK 1E N 20 B3G5 i S T 87, % il 487 A4 2
AEEAMEN . MMP S 20558 R 22 1 X 5
Wi P F-, JGH MMP-2, MMP-9 i P4 19 25 ] 3l 1o [
FRRRLRE IR IV R S | e i (R 8 S 535 22 L
FRY, s . . 2R E . ERE
PR S A 5 LRGP AE MMP S 38 22
T B 0 5 P PG TR IR TEAE MIMP 2638 19 7
ARWFFE LS R Bon, S EAMLL, Sei2dsMn
PRI 5% 3% 1 HUVEC H MMP-2, MMP-9, FAK #ll
PCNA FR¥GIN, 1M 574 0] 2 Je AN AL 5L 52 1)
HUVEC 1 F il N1 R 302 4L T R, R
AL JE AL AN IAMATT BRI B AR AR . WFSR R,
"B A e R IS R AR S, eI e mT
I JAK2 VO17TF 572 41 A Hh i) I 8 A AH O R 7
Fs ) ARBEE SRS 2 — B, WA R
ZANAE TS FJR S T AMNIMA)Z T, 3K — s IR
A IR IE

25 L rik, PMF BB v BERCE A 5 K 42
MAEHT A ARG TR AMIMA, HUVEC 52 %] PMF i
F B TR AN AR AR I T A A G PR A [ 5
Mo Je 4950 . B A FIAR 2208 J) OAH G R 7 1) e ik 3
b, AR . SRR EIRYT G PMF &
H R AR AR 1 45 3 A A DG R 2K T R,
5 AN ILEL FR 1 HUVEC {2 2834 R AH G R 13k
TR, X HUVECHFH . 58 . RZ2ME SRR
WA, TR AT R JE X PMF A AN A G T 3IUR
SR, AWFFE 45 R 3R 2 T Je iR YT J5 PMF 3
) Jofr 988 £ Ao IS RE DAL 21 3E PMF & KF-. AHE

FEERA BT ik —20 T f# PMF 9 &bl dh
PMF 297 RIS A R4 T — 8 BRI . Je 4k
WG AR SRR N A= AL 5 T A M AT 3 ik
WL BEAE E PMF I & 2R . & RE, DLRBR T IAE
B AL SN AR T B 1 BIELE AL 52 1 PMF (1)
KL KIE.

(£ % k]

(1] TReEEE, R AR50 A B AE M I J 3 1) 2B A Tt
W T RERE] IEIEREY,2019,19(2):76-
79. DOI: 10.12019/j.issn.1671-5144.2019.02.006.

[2] MCLORNAN D, EIKEMA D J, CZERW T, et al.
Trends in allogeneic haematopoietic cell transplantation
for myelofibrosis in Europe between 1995 and 2018:
a CMWP of EBMT retrospective analysis[J]. Bone
Marrow Transplant, 2021, 56(9): 2160-2172. DOI:
10.1038/s41409-021-01305-x.

[3] IURLOA, CATTANEO D, BUCELLI C. Management of
myelofibrosis: from diagnosis to new target therapies[J].
Curr Treat Options Oncol, 2020, 21(6): 46. DOI:
10.1007/511864-020-00734-y.

(4] sk, RESE, AN, 55 Robod 1E LA g i 4
B R RSB LHE T EEEMOESM ),
2008,35(4):585-589. DOI: 10.3969/j.issn.1672-
8467.2008.04.022.

(5] AMUEH ATk, 1, % . PTEN \VEGF .COX-2 &5
JAK2 V61TF SAE BB R4 F Ak g i 0 2B ]
o [ B AR A%, 2016,32( 5 ):938-942. DOL:
10.3969/j.issn.1000-4718.2016.05.029.

[6] YADAV N, KATARIA S P, KUMAR S, et al. A study
of bone marrow angiogenesis and its correlation with
serum vascular endothelial growth factor levels in acute
leukaemia[J]. Int J Res Med Sci, 2022, 10(12): 2842.
DOI: 10.18203/2320-6012.ijrms20223086.

[7]  MEDINGER M, PASSWEG J. Angiogenesis in
myeloproliferative neoplasms, new markers and future
directions[J]. Memo, 2014, 7: 206-210. DOI: 10.1007/
$12254-014-0142-z.

[8] BOVERI E, PASSAMONTI F, RUMI E, et al.
Bone marrow microvessel density in chronic
myeloproliferative disorders: a study of 115 patients
with clinicopathological and molecular correlations[J].
Br J Haematol, 2008, 140(2): 162-168. DOI: 10.1111/
j-1365-2141.2007.06885.x.

(9] SFMk, 5k, ER =, 5. 5 0% 200 AL I
HEL 4l ffg M 4444 % PD-1/PD-L1 H5Z0a[T] . i
Bij i W5, 2022,49( 10 ):1021-1027. DOT: 10.3971/
j-issn.1000-8578.2022.22.0188.

(10]  REA IR, B/, 55 Ptpn 11 0% 587515 BEAA



PRI AR

2024 4F 4 H, 5 45%

< 461 -

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[19]

Ji Ok Y5 A S WA AT R R R b R AR LT
TRUBERIK2244],2021,56( 11 ):1679-1686. DOL:
10.19405/j.cnki.issn1000-1492.2021.11.001.

BAXTER E J, SCOTT L M, CAMPBELL P J, et al.
Acquired mutation of the tyrosine kinase JAK2 in
human myeloproliferative disorders[J]. Lancet,
2005, 365(9464): 1054-1061. DOI: 10.1016/S0140-
6736(05)71142-9.

NANGALIA J, MASSIE C E, BAXTER E J, et al. Somatic
CALR mutations in myeloproliferative neoplasms with
nonmutated JAK2[J]. N Engl J Med, 2013, 369(25):
2391-2405. DOI: 10.1056/NEJMoal312542.

RAMPAL R, AL-SHAHROUR F, ABDEL-WAHAB O,
et al. Integrated genomic analysis illustrates the
central role of JAK-STAT pathway activation in
myeloproliferative neoplasm pathogenesis[J]. Blood,
2014, 123(22): e123-e133. DOI: 10.1182/blood-2014-
02-554634.

KONG Y, WU Y L, SONGYY, et al. Ruxolitinib/nilotinib
cotreatment inhibits leukemia-propagating cells in
Philadelphia chromosome-positive ALL[J]. J Transl Med,
2017, 15(1): 184. DOLI: 10.1186/s12967-017-1286-5.
CHENG Z, FU J, LIU G, et al. Angiogenesis in JAK?2
V617F positive myeloproliferative neoplasms and
ruxolitinib decrease VEGF, HIF-1 enesis in J4K2
V617F positive cells[J]. Leuk Lymphoma, 2018, 59(1):
196-203. DOI: 10.1080/10428194.2017.1324155.
ZHANG W, SUN L, GAO H, et al. Mechanism of the
HIF-10/VEGF/VEGFR-2 pathway in the proliferation and
apoptosis of human haemangioma endothelial cells[J].
Int J Exp Pathol, 2023, 104(5): 258-268. DOI: 10.1111/
iep.12485S.

PMBTT, KT, BKIL, 25 . BREEZEME T LR Y
B AR R R S R 1 RIS A B A K R mRNA
FIRAIBEFLT] . E B4R, 2005, 1506 ): 825-
827. DOI: 10.3969/;.issn.1005-8982.2005.06.008.

YU H, LIU Z, ZHOU H, et al. JAK-STAT pathway
modulates the roles of iNOS and COX-2 in the
cytoprotection of early phase of hydrogen peroxide
preconditioning against apoptosis induced by oxidative
stress[J]. Neurosci Lett, 2012, 529(2): 166-171. DOI:
10.1016/j.neulet.2012.09.013.

BUTKIEWICZ D, KRZESNIAK M, DROSIK A, et al.
The VEGFR2, COX-2 and MMP-2 polymorphisms

(20]

(21]

[22]

(23]

(24]

[25]

[26]

[27]

are associated with clinical outcome of patients with
inoperable non-small cell lung cancer[J]. Int J Cancer,
2015, 137(10): 2332-2342. DOI: 10.1002/ijc.29605.
HUA K T, LEE W J, YANG S F, et al. Vascular
endothelial growth factor-C modulates proliferation
and chemoresistance in acute myeloid leukemic cells
through an endothelin-1-dependent induction of
cyclooxygenase-2[J]. Biochim Biophys Acta, 2014,
1843(2): 387-397. DOIL: 10.1016/j.bbamcr.2013.10.015.
OHTA Y, ICHIMURA K. Proliferation markers,
proliferating cell nuclear antigen, Ki67, 5-bromo-
2’-deoxyuridine, and cyclin D1 in mouse olfactory
epithelium[J]. Ann Otol Rhinol Laryngol, 2000, 109(11):
1046-1048. DOI: 10.1177/000348940010901110.
TAVORA B, BATISTA S, REYNOLDS L E, et al.
Endothelial FAK is required for tumour angiogenesis[J ].
EMBO Mol Med, 2016, 8(10): 1229. DOI: 10.15252/
emmm.201606907.
CABRAL-PACHECO G A, GARZA-VELOZ 1,
CASTRUITA-DE LA ROSA C, et al. The roles of
matrix metalloproteinases and their inhibitors in human
diseases[J]. Int J Mol Sci, 2020, 21(24): 9739. DOI:
10.3390/ijms21249739.
NAPOLI S, SCUDERI C, GATTUSO G, et al.
Functional roles of matrix metalloproteinases and their
inhibitors in melanomal[J]. Cells, 2020, 9(5): 1151.
DOI: 10.3390/cells9051151.
KAMIGUTI A S, LEE E S, TILL K J, et al. The role
of matrix metalloproteinase 9 in the pathogenesis of
chronic lymphocytic leukaemialJ]. Br J Haematol,
2004, 125(2): 128-140. DOI: 10.1111/j.1365-
2141.2004.04877 .x.
JANOWSKA-WIECZOREK A, MAJKA M,
MARQUEZ-CURTIS L, et al. Bcr-abl-positive
cells secrete angiogenic factors including matrix
metalloproteinases and stimulate angiogenesis in vivo
in Matrigel implants[ﬂ. Leukemia, 2002, 16(6): 1160-
1166. DOI: 10.1038/sj.leu.2402486.
SAG S O, GORUKMEZ O, TURE M, et al. MMP2
gene-735 C/T and MMP9 gene-1562 C/T polymorphisms
in JAK2V617F positive myeloproliferative disorders[J].
Asian Pac J Cancer Prev, 2015, 16(2): 443-449. DOI:
10.7314/apjcp.2015.16.2.443.

[Ax#mig] It %



