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Supplementary methods 

 

Patients 

We enrolled all 39 patients with JAK2V617F-positive MPNs whose data of a 

computed tomography were available in a series of our former studies.1, 2 The 

diagnosis and classification of MPNs were based on World Health Organization 

2016 criteria.3 The JAK2V617F allele burden was evaluated as described 

previously.2 Clinical data were obtained at the time of evaluation of the allele 

burden of JAK2V617F. Medical histories were assessed including thrombotic 

events including arterial thrombosis (myocardial infarction, cerebral infarction, 

and other arterial thrombosis) and venous thrombosis (deep vein thrombosis, 

pulmonary embolism, and other venous thrombosis). We evaluated the maximal 

diameters of the ascending aorta and abdominal aorta on a computed 

tomography (Aquilion 64, Toshiba Medical Systems Co., Ltd., Tokyo, Japan, or 

Somatom Definition Edge, Siemens Healthcare GmbH, Munich, Germany). 

According to the guidelines,4, 5 TAA was defined as > 4.0 cm of the diameter of 

the ascending aorta, and AAA was determined as > 3.0 cm of the abdominal aortic 

diameter or when the maximum diameter is 50% greater than the suprarenal 

diameter. The protocol of the human studies was approved by the institutional 

ethics committee of Fukushima Medical University Hospital (approval ID, 29348 

and 1242) and confirmed in accordance with the ethical guidelines of the 1975 

Declaration of Helsinki. Written informed consent was given by all subjects. 

 

Human blood sampling and reverse transcription-quantitative PCR 

Peripheral blood samples were collected with a tube containing EDTA-2Na (VP-

NA070K, TERUMO, Tokyo, Japan) from 13 patients with JAK2V617F-positive 

MPNs and 28 age- and gender-matched healthy volunteers who had never 

shown any cardiovascular diseases including AAs or hematological disorders. 

The blood samples were immediately hemolyzed with ammonium chloride 

solution, and then after centrifugation, the white blood cells were obtained and 

kept frozen at -80°C. Total RNA were isolated by using TRIzol Reagent (Thermo 

Fisher Scientific, MA, USA) and complementary DNA was synthesized using 

ReverTra Ace qPCR RT Kit (TOYOBO, Osaka, Japan). Quantitative PCR was 

performed to determine mRNA levels for MMP2, MMP9, TGFB3, IL-8 and ACTB 

using THUNDERBIRD SYBR qPCR Mix (TOYOBO) in the CFX Connect Real-

Time PCR System (Bio-Rad, CA, USA). A delta CT method was applied for the 
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quantification and all values were normalized to ACTB and expressed as a fold 

increase of the control group. Primer sequences were described in Table S4. 

 

Animals 

We used male Jak2V617F-expressing transgenic (JAK2V617F) mice aged 

between 8 and 12 weeks (body weight range, 20–30 g) with a C57BL/6J 

background.2, 6 Wild-type (WT) littermates were used as controls. Male 

apolipoprotein E-deficient (ApoE−/−) mice on a C57BL/6 background were 

obtained from the Jackson Laboratory (JAX stock number, 002052, Bar Harbor, 

ME, USA).7 CAG-EGFP reporter mice with a C57BL/J background were 

purchased from the Japan SLC (Shizuoka, Japan). JAK2V617F mice were crossed 

with CAG-EGFP mice to generate JAK2V617F/CAG-EGFP double transgenic mice 

(JAK2V617F-GFP).8 The WT littermates were used as controls (WT-GFP). WT 

mice (C57BL/6) were purchased from the Charles River Laboratories Japan, Inc.  

The mice were housed with standard chow and water ad libitum at room 

temperature under a 12 h light-dark cycle. Mice were euthanized by cervical 

dislocation. The investigations conform to the Guidelines for the Care and Use of 

Laboratory Animals published by the US National Institutes of Health (NIH 

publication, 8th Edition, 2011). All efforts were addressed to minimize the suffering 

of the animals. All animal studies were approved by the Fukushima Medical 

University Animal Research Committee (approval ID, 2019078). 

 

Bone marrow (BM) transplantation (BMT) and chimeric analysis 

ApoE−/− mice aged between 8 and 12 weeks (body weight range, 20–30 g) or WT 

mice aged between 8 and 12 weeks (body weight range was from 20 to 30 g) 

were lethally irradiated (9.0 Gy) 24 h before BMT.2 Whole BM cells were 

harvested from femurs and tibiae of the donor mice. The cells were washed with 

phosphate-buffered saline (PBS) and 5.0×106 of BM cells were injected in the 

recipient ApoE−/− mice or WT recipient mice via the tail vein. For the chimeric 

analysis of the ApoE-/- recipient mice, DNA was isolated using QuickGene-Mini80 

(KURABO, Osaka, Japan) with QuickGene DNA whole blood kit (KURABO) from 

blood samples and quantitative polymerase chain reaction (PCR) was performed 

using THUNDERBIRD SYBR qPCR Mix (TOYOBO) using the following primers; 

apolipoprotein E wild-type for donor-derived DNA forward, 5’-

GCCTAGCCGAGGGAGAGCCG-3’; apolipoprotein E wild-type for donor-derived 

DNA reverse, 5‘-TGTGACTTGGGAGCTCTGCAGC-3’; ApoE−/− for recipient-
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derived DNA forward, 5’-GCCTAGCCGAGGGAGAGCCG-3’; ApoE−/− for 

recipient-derived DNA reverse, 5’-GCCGCCCCCGACTGCATCT-3’. Chimerism 

was calculated as follows9;  

Chimerism = DNAdonor/ (DNAdonor+DNArecipient) x 100 

(1+ewild)-CTwild/((1+ewild)-CTwild+(1+eKO)-CTKO) x 100 

DNAdonor, DNA burden of donor; DNArecipient, DNA burden of recipient;ewild, PCR 

efficiency of apolipoprotein E wild-type; CTwild, threshold cycle of apolipoprotein 

E wild-type; eKO, PCR efficiency of ApoE−/−; CTKO, threshold cycle of ApoE−/−. 

For the chimeric analysis of the WT recipient mice, quantitative PCR was 

performed using the following primers; recipients and donors-derived DNA 

forward, 5’-CTTTCTTCGAAGCAGCAAGCATGA-3’, reverse primer for 

recipients ; 5‘-CTGGCTTTACTTACTCTCCTCTCCACAGAC-3’ reverse primer 

for donor ; 5’-AACCAGAATGTTCTCCTCTCCACAGAA-3’. Delta Ct (Ctdonor– 

Cttotal) was calculated to estimate the chimerism of Jak2V617F in the WT recipient 

mice transplanted with bone marrow cells from JAK2V617F mice. For BMT using 

the JAK2V617F-GFP transgenic mice, the lethally irradiated male ApoE−/− mice 

were used as the recipient mice. BM cells from male JAK2V617F-GFP mice or WT-

GFP littermates were injected into the recipient mice via the tail vein. 

 

Peripheral blood analysis in mice 

Peripheral blood parameters were analyzed at 5 weeks after BMT and at the time 

of termination of the experiments. Blood test was performed using pocH-100i 

(Sysmex, Kobe, Japan). 

 

Angiotensin II (Ang II)-induced aortic aneurysm model  

Five weeks after BMT, the recipient ApoE−/− mice were anesthetized with an 

intraperitoneal injection of a mixed anesthetic agent consisting of medetomidine 

(0.75 mg/kg), midazolam (4 mg/kg) and butorphanol (5 mg/kg) in a sterile saline. 

After an adequate depth of anesthesia was confirmed, an osmotic pump (ALZET 

micro-osmotic pump MODEL 1004, DURECT Co., Cupertino, CA, USA) was 

placed into the subcutaneous space through a small incision in the back of the 

neck that we closed by suturing.10 Ang II (1900 ng/kg per min) or saline was 

continuously infused for 4 weeks.11,12 

 

Ultrasound imaging and determination of aortic aneurysms 

The mice were lightly anesthetized with 1% isoflurane and placed on a heating 
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pad to maintain body temperature. The mice were monitored with 

electrocardiogram and heart rate was verified between 400 and 500 beats per 

minute. Thoracic and abdominal aortic diameters were evaluated by ultrasound 

images using Vevo 2100 Imaging System (FUJIFILM Visualsonics, Toronto, 

Canada) at the baseline prior to implantation of osmotic pumps, and at 2 weeks 

and 4 weeks after Ang II or saline infusion. The images of the thoracic aorta were 

acquired from right parasternal long axis view, and then the maximal diameter of 

the ascending aorta was measured between the aortic root and aortic arch 

regions. The maximal diameter of the abdominal aorta was analyzed around the 

renal arteries from short axis view. All measurements were performed at end-

diastole of cardiac cycles according to R wave of electrocardiogram, and the data 

were averaged over 3 separate heart beats. Presence of TAA and AAA was 

defined as an increase of ≥50% compared with the same area of the aortas at 

the baseline as previously described.13 Ruptures of TAA and AAA were defined 

by blood in the cavity and large thrombi in the aorta when the mice were 

sacrificed.12 

 

Measurements of blood pressure and heart rate 

The systolic, mean, and diastolic blood pressures, as well as heart rate, were 

measured by the tail-cuff method using a programmable sphygmomanometer 

(BP-98A-L, Softron, Tokyo, Japan) in the conscious mice at the baseline prior to 

implantation of osmotic pumps, and at 2 weeks and 4 weeks after starting Ang II 

or saline infusion.14 The data were averaged over 3 consecutive measurements. 

 

Histological analysis 

After continuous Ang II or saline infusion for 4 weeks, the mice were euthanized 

by cervical dislocation, and aortas were perfused by cold PBS from the apex of 

the left ventricle for histological analysis. The samples of aorta were fixed with 

4% paraformaldehyde, embedded in paraffin, and then sectioned to 3 μm 

thickness. The paraffin sections were stained with hematoxylin-eosin (HE), 

Elastica-Masson (EM), or used for immunostaining. To analyze the degradation 

of medial elastic lamina, EM-stained sections were blindly classified into four 

elastin degradation-grading groups; grade 1, no degradation; grade 2, mild 

degradation; grade 3, severe degradation; grade 4, aortic rupture as previously 

described.15 Paraffin sections were stained with CD45 (sc-53665, Santa Cruz 

Biotechnology, CA, USA), CD68 (MCA1957GA, Bio-Rad), Ly6B.2 (MCA771GA, 
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Bio-Rad) or TER119 (116201, Biolegend, CA, USA) antibody followed by 0.02% 

3, 3-diaminobenzidine-4HCl (DAB; 347-00904, Dojindo, Kumamoto, Japan) and 

counterstained with hematoxylin. For preparation of the frozen sections, the 

abdominal aortas were embedded in the O.C.T. compound (4583, Sakura 

Finetek Japan, Tokyo, Japan) and were sectioned to 12 μm thickness using a 

cryostat (CryoStar NX70, Thermo Fisher Scientific). The O.C.T.-embedded 

sections were used for immunohistochemical staining with the following primary 

antibodies; CD45, CD68, Ly6B.2, and GFP (ab6556, abcam, Cambridge, United 

Kingdom), followed by the appropriate secondary antibodies including goat anti-

rat IgG H&L (Alexa Fluor 647, ab150159, abcam), anti-rabbit IgG H&L, (Alexa 

Fluor 647, 4414, Cell Signaling Technology, MA, USA), and then mounted with 

DAPI containing mounting media (Fluoro-Gel II, Electron Microscopy Sciences, 

PA, USA). All images were acquired by a microscope (BZ-X700, KEYENCE, 

Osaka, Japan). 

 

Measurement of total cholesterol and triglyceride 

After the mice were euthanized by cervical dislocation, whole blood was taken 

from the heart, and then immediately centrifuged at 10000 g for 5 min at 4°C. The 

plasma samples were kept frozen at -80°C. Total cholesterol and triglyceride 

concentrations were measured by an enzymatic method in Oriental Yeast Co., 

Ltd (Tokyo, Japan) with their standard protocols. 

 

Gelatin zymography 

The matrix metalloproteinase 2 (MMP-2) activity and pro metalloproteinase 9 

(MMP-9) expression levels were evaluated in the abdominal aorta. The frozen 

tissue of abdominal aorta (20 g) was initially homogenized in 200 µl of a lysis 

buffer containing Tris-HCl (pH 7.4, 50 mM), NaCl (150 mM), CaCl2 (10 mM) and 

0.25% Triton X-100 using TissueLyser II (QIAGEN, Hilden, Germany).16 After 

centrifugation, the supernatant was collected, and the protein concentration was 

determined using a Pierce BCA Protein Assay Kit (Thermo Fisher Scientific). Ten 

µg of protein was used for gelatin zymography. Gelatin zymography analysis was 

performed using a Gelatin zymography kit (AK45, Cosmo Bio, Tokyo, Japan) 

according to the manufacturer’s instructions. The gelatin electrophoresis gel was 

visualized using an Amersham imager 600 RGB (GE Healthcare Life Sciences, 

MA, USA). The results were evaluated by densiometric analysis of the lytic areas 

obtained from the gelatin electrophoresis using ImageJ software (U. S. National 
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Institutes of Health, MD, USA).17 The sum of MMP-2 and pro MMP-2 bands was 

evaluated as MMP-2 activity.18 

 

Preparation for bone marrow-derived macrophages 

BM cells were obtained by isolating and flushing tibias and femurs from WT or 

JAK2V617F mice after euthanasia by cervical dislocation. The BM-derived 

mononuclear cells were collected by density gradient centrifugation at 500 g for 

40 min at room temperature using Lymphocyte Separation Media (Promo Cell, 

Heidelberg, Germany). On a 24-well cell culture plate (662160, CELLSTAR, 

Greiner Bio-One, Kremsmünster, Austria), 7.0  105 of the separated 

mononuclear cells were cultured in DMEM (FUJIFILM Wako Pure Chemical 

Corporation, Osaka, Japan) containing 10% fetal bovine serum, 100 IU/mL of 

penicillin, 100 mg/mL of streptomycin and 10 ng/mL of granulocyte-macrophage 

colony stimulating factor (AFL415, R&D Systems, MN, USA) for 6 days at 37°C 

in the presence of 5% CO2 as previously described.19 To determine the purity of 

the macrophages, the adherent cells were seeded in 4 well chamber slide 

(Thermo Fisher Scientific) and fixed by 4% paraformaldehyde and stained with a 

CD68 antibody followed by Alexa Fluor 647-conjugated goat anti-rat secondary 

antibody and then mounted with DAPI containing mounting media.  

 

Western blot analysis 

Frozen mouse aorta samples were initially homogenized in lysis buffer. The 

protein concentration was determined using a Piece BCA Protein Assay Kit 

(Thermo Fisher Scientific). Aliquots of proteins were subjected to SDS-

polyacrylamide gel electrophoresis, transferred onto polyvinylidene difluoride 

membranes (Merck Millipore, MA, USA) and probed with the following primary 

antibodies; phosphorylated-STAT3 (9145S, Cell Signaling Technology), total-

STAT3 (4904S, Cell Signaling Technology), and Beta actin (sc-47778, Santa Cruz 

Biotechnology) followed by appropriate goat anti-rabbit (4050-05, 

SouthernBiotech, AL, USA) or mouse (sc-516102, Santa Cruz Biotechnology) 

horseradish peroxidase conjugated secondary antibodies. The immunoreactive 

bands were visualized by an Amersham ECL system and the signals were 

detected with an Amersham imager 600 RGB (GE Healthcare Life Sciences, MA, 

USA). The results were evaluated by densiometric analysis of the lytic areas 

obtained from the gelatin electrophoresis using ImageJ software (U. S. National 

Institutes of Health, MD, USA).17 
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Reverse transcription-quantitative PCR 

Total RNA was extracted from the cultured cells using Trizol reagent according 

to the manufacturer’s protocol (Thermo Fisher Scientific). Total RNA from the 

aorta samples were extracted using RNeasy Fibrous Tissue Mini Kit (QIAGEN, 

Hilden, Germany). Complementary DNA was synthesized using ReverTra Ace 

qPCR RT Kit (TOYOBO). Quantitative PCR was performed to determine the 

levels of mRNA expression for Mmp2, Mmp9, Mmp13, Ccl6, Tgfb1, and Actb 

using THUNDERBIRD SYBR qPCR Mix (TOYOBO) in the CFX Connect Real-

Time PCR System (Bio-Rad). A standard curve method was applied for the aorta 

samples and a delta CT method was applied for the cultured cell samples. All 

values were normalized to Actb and expressed as a fold increase of the control 

group. Primer sequences were described in Table S4. 

 

Administration of a JAK1/2 inhibitor 

For in vitro experiments, ruxolitinib (Novartis Pharmaceuticals, Basel, 

Switzerland) was used at concentration of 250 nM for 24 hours prior to the RNA 

extraction. Dimethylsulfoxide was used as a control. For in vivo study, ruxolitinib 

dissolved in 0.5% methylcellulose was administered to the mice orally at 60 

mg/kg twice daily for 4 weeks.20, 21 We used 0.5% methylcellulose as a vehicle 

control.  

 

Statistical analysis 

Data are expressed as mean ± standard error (SEM). The statistical significance 

of differences was analyzed using the unpaired Student’s t-test for parametric 

continuous variables. The Kaplan-Meier method and log-rank test were used to 

compare survival from the incidence of AAA or TAA. Categorical variables were 

compared using the Chi-square test or Fisher’s exact test. The parameters of 

more than 2 groups were evaluated by one-way analysis of variance (ANOVA) 

followed by multiple comparisons with the Tukey post-hoc test. A value of P < 

0.05 was considered statistically significant. Statistical analyses were performed 

using the Statistical Package for Social Sciences version 26 software (SPSS Inc., 

Chicago, IL, USA). 

  



9 

 

Supplementary references 

 

1.Harada-Shirado K, Ikeda K, Ogawa K, et al. Dysregulation of the 

MIRLET7/HMGA2 axis with methylation of the CDKN2A promoter in 

myeloproliferative neoplasms. Br J Haematol. 2015;168:338-49. 

2.Ueda K, Ikeda K, Ikezoe T, et al. Hmga2 collaborates with JAK2V617F in the 

development of myeloproliferative neoplasms. Blood Adv. 2017;1:1001-1015. 

3. Arber DA, Orazi A, Hasserjian R, et al. The 2016 revision to the World Health 

Organization classification of myeloid neoplasms and acute leukemia. Blood. 

2016;127:2391-405. 

4.Hiratzka LF, Bakris GL, Beckman JA, et al. 2010 

ACCF/AHA/AATS/ACR/ASA/SCA/SCAI/SIR/STS/SVM guidelines for the 

diagnosis and management of patients with Thoracic Aortic Disease: a report 

of the American College of Cardiology Foundation/American Heart Association 

Task Force on Practice Guidelines, American Association for Thoracic Surgery, 

American College of Radiology, American Stroke Association, Society of 

Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and 

Interventions, Society of Interventional Radiology, Society of Thoracic 

Surgeons, and Society for Vascular Medicine. Circulation. 2010;121:e266-369. 

5.Wanhainen A, Verzini F, Van Herzeele I, et al. Editor's Choice - European 

Society for Vascular Surgery (ESVS) 2019 Clinical Practice Guidelines on the 

Management of Abdominal Aorto-iliac Artery Aneurysms. Eur J Vasc Endovasc 

Surg. 2019;57:8-93. 

6.Shide K, Shimoda HK, Kumano T, et al. Development of ET, primary 

myelofibrosis and PV in mice expressing JAK2 V617F. Leukemia. 2008;22:87-

95. 

7.Piedrahita JA, Zhang SH, Hagaman JR, Oliver PM and Maeda N. Generation 

of mice carrying a mutant apolipoprotein E gene inactivated by gene targeting 

in embryonic stem cells. Proc Natl Acad Sci U S A. 1992;89:4471-5. 

8.Okabe M, Ikawa M, Kominami K, Nakanishi T and Nishimune Y. 'Green mice' 

as a source of ubiquitous green cells. FEBS Lett. 1997;407:313-9. 

9.Okumura H, Nakanishi A, Toyama S, et al. Contribution of rat embryonic stem 

cells to xenogeneic chimeras in blastocyst or 8-cell embryo injection and 

aggregation. Xenotransplantation. 2019;26:e12468. 

10.Misaka T, Suzuki S, Miyata M, et al. Deficiency of senescence marker protein 

30 exacerbates angiotensin II-induced cardiac remodelling. Cardiovasc Res. 



10 

 

2013;99:461-70. 

11.Ortega R, Collado A, Selles F, et al. SGLT-2 (Sodium-Glucose Cotransporter 

2) Inhibition Reduces Ang II (Angiotensin II)-Induced Dissecting Abdominal 

Aortic Aneurysm in ApoE (Apolipoprotein E) Knockout Mice. Arterioscler 

Thromb Vasc Biol. 2019;39:1614-1628. 

12.Patel J, Douglas G, Kerr AG, Hale AB and Channon KM. Effect of irradiation 

and bone marrow transplantation on angiotensin II-induced aortic 

inflammation in ApoE knockout mice. Atherosclerosis. 2018;276:74-82. 

13.Nogi M, Satoh K, Sunamura S, et al. Small GTP-Binding Protein GDP 

Dissociation Stimulator Prevents Thoracic Aortic Aneurysm Formation and 

Rupture by Phenotypic Preservation of Aortic Smooth Muscle Cells. 

Circulation. 2018;138:2413-2433. 

14.Misaka T, Suzuki S, Miyata M, et al. Senescence marker protein 30 inhibits 

angiotensin II-induced cardiac hypertrophy and diastolic dysfunction. 

Biochemical and biophysical research communications. 2013;439:142-7. 

15.Satoh K, Nigro P, Matoba T, et al. Cyclophilin A enhances vascular oxidative 

stress and the development of angiotensin II-induced aortic aneurysms. Nat 

Med. 2009;15:649-56. 

16.Omiya S, Omori Y, Taneike M, et al. Toll-like receptor 9 prevents cardiac 

rupture after myocardial infarction in mice independently of inflammation. 

American journal of physiology Heart and circulatory physiology. 

2016;311:H1485-h1497. 

17.Schneider CA, Rasband WS and Eliceiri KW. NIH Image to ImageJ: 25 years 

of image analysis. Nat Methods. 2012;9:671-5. 

18.Kaneko H, Anzai T, Takahashi T, et al. Role of vascular endothelial growth 

factor-A in development of abdominal aortic aneurysm. Cardiovascular 

research. 2011;91:358-67. 

19.Shiraishi M, Shintani Y, Shintani Y, et al. Alternatively activated macrophages 

determine repair of the infarcted adult murine heart. J Clin Invest. 

2016;126:2151-66. 

20.Quintás-Cardama A, Vaddi K, Liu P, et al. Preclinical characterization of the 

selective JAK1/2 inhibitor INCB018424: therapeutic implications for the 

treatment of myeloproliferative neoplasms. Blood. 2010;115:3109-17. 

21.Lee S, Shah T, Yin C, et al. Ruxolitinib significantly enhances in vitro apoptosis 

in Hodgkin lymphoma and primary mediastinal B-cell lymphoma and survival 

in a lymphoma xenograft murine model. Oncotarget. 2018;9:9776-9788. 



11 

 

Table S1. Patient characteristics by classification of myeloproliferative 

neoplasms. 

 

 PV 

(n = 16) 

ET 

(n = 12) 

PMF 

(n = 11) 

Age, years 68 ± 11 69 ± 9 69 ± 16 

Female, n (%) 8 (50) 5 (42) 5 (46) 

Laboratory data 
 

  

White blood cell count, ×109/L 12.7 ± 5.2 10.0 ± 5.5 18.7 ± 14.8 

Red blood cell count, ×1012/L 5.7 ± 1.5 4.0 ± 0.9 3.7 ± 1.1 

Hemoglobin concentration, g/dL 16.9 ± 3.4 13.0 ± 1.7 10.8 ± 3.4 

Platelet count, ×109/L 479 ± 304 472 ± 158 580 ± 721 

JAK2V617F allele burden, % 63 ± 26 34 ± 31 49 ± 31 

Comorbidities    

Hypertension, n (%) 8 (50) 8 (67) 1 (9) 

Diabetes mellitus, n (%) 3 (19) 3 (25) 0 (0) 

Dyslipidemia, n (%) 1 (6) 6 (50) 0 (0) 

Smoking history, n (%) 6 (38) 5 (42) 2(18) 

Thrombosis history, n (%) 2 (13) 5 (42) 3 (27) 

 Arterial thrombosis, n (%) 1 (6) 4 (33) 2 (18) 

 Venous thrombosis, n (%) 1 (6) 1 (8) 1 (9) 

Cytoreductive treatment    

Hydroxyurea, n (%) 8 (50) 6 (50) 3 (27) 

Ruxolitinib, n (%) 0 (0) 0 (0) 1 (9) 

Presence of aortic aneurysms 6 (38) 2 (17) 1 (9) 

Thoracic aortic aneurysm, n (%) 5 (31) 1 (8) 1 (9) 

Abdominal aortic aneurysm, n (%) 1 (6) 1 (8) 0 (0) 

 

All data are expressed as mean ± SD or number (%). 

PV, polycythemia vera; ET, essential thrombocythemia; PMF, primary 

myelofibrosis. 
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Table S2. Patient characteristics used for reverse transcription quantitative 

polymerase chain reaction in peripheral leukocytes. 

 

Values are mean ± SD or number (%). Comparisons of means between 2 groups 

were performed by the unpaired Student’s t-test. Categorical variables were 

compared using Fisher’s exact test. MPNs, myeloproliferative neoplasms. 

  

 Control subjects 

(n = 28) 

Patients with MPNs 

(n = 13) 

P value 

Age, years 61 ± 15 68 ± 13 0.138 

Female, n (%) 13 (46) 7 (54) 0.658 
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Table S3. Plasma total cholesterol (TCHO) and triglyceride (TG) in response 

to angiotensin II (Ang II) infusion. 

 

 Saline Ang II 

 WT JAK2V617F WT JAK2V617F 

TCHO, mg/dL 328 ± 57 101 ± 17* 340 ± 33 170 ± 33* 

TG, mg/dL 29 ± 10 20 ±7 76 ± 18 21 ± 5* 

 

Plasma levels of TCHO and TG in WT-BMT mice and JAK2V617F-BMT mice 4 

weeks after saline or Ang II infusion (n = 4 each). All the data are presented as 

mean ± SEM. *P < 0.05 versus the corresponding WT group by one-way ANOVA 

with Tukey post-hoc analysis. WT, ApoE−/− mice transplanted with bone marrow 

cells from wild-type mice; JAK2V617F, ApoE−/− mice transplanted with bone marrow 

cells from JAK2V617F mice. 
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Table S4. Primers used for reverse transcription quantitative polymerase 

chain reaction. 

 

Species Gene   Sequences  

Human MMP2 Forward 5’- GCTACGATGGAGGCGCTAAT -3’ 

  Reverse 5’- TCAGGTATTGCACTGCCAACT -3’ 

 MMP9 Forward 5’- AGCGAGAGACTCTACACCCA -3’ 

  Reverse 5’- AGAAGCCGAAGAGCTTGTCC -3’ 

 IL-8 Forward 5’- AAGGAAAACTGGGTGCAGAG -3’ 

  Reverse 5’- ATTGCATCTGGCAACCCTAC -3’ 

 TGFB3 Forward 5’- GCTGCACTTTGGAGTGATCG -3’ 

  Reverse 5’- GCTTGAGGGTTTGCTACAACA -3’ 

 ACTB Forward 5’- TGGCACCCAGCACAATGAA -3’ 

  Reverse 5’- CTAAGTCATAGTCCGCCTAGAAGCA -3’ 

Mouse Ccl6 Forward 5’- TATCCTTGTGGCTGTCCTTGG -3’ 

  Reverse 5’- GAAGAAGTGTCTTGAAAGCCTTGAT -3’ 

 Tgfb1 Forward 5’- AGCTGCGCTTGCAGAGATTA -3’ 

  Reverse 5’- AGCCCTGTATTCCGTCTCCT -3’ 

 Mmp2 Forward 5’- ACCTTGACCAGAACACCATCGAG -3’ 

  Reverse 5’- CAGGGTCCAGGTCAGGTGTGTA -3’ 

 Mmp9 Forward 5’- GCCCTGGAACTCACACGACA -3’ 

  Reverse 5’- TTGGAAACTCACACGCCAGAAG -3’ 

 Mmp13 Forward 5’- TCGCCCTTTTGAGACCACTC -3’ 

  Reverse 5’- AGCACCAAGTGTTACTCGCT -3’ 

 Actb Forward 5’- CATCCGTAAAGACCTCTATGCCAAC -3’ 

  Reverse 5’- ATGGAGCCACCGATCCACA -3’ 
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Table S5. Plasma total cholesterol (TCHO) and triglyceride (TG) after vehicle 

or ruxolitinib treatment in the angiotensin II-infused JAK2V617F-BMT mice. 

 

 Vehicle Ruxolitinib 

TCHO, mg/dL 180 ± 38 380 ± 19* 

TG, mg/dL 17 ± 4 115 ± 44 

 

Plasma levels of TCHO and TG in the vehicle- or ruxolitinib-treated JAK2V617F-

BMT mice 4 weeks after angiotensin II infusion (n = 3–4). All data are presented 

as mean ± SEM. *P < 0.05 versus the vehicle group by the unpaired Student’s t-

test. 

 



Figure S1. Matrix metalloproteinases and cytokine mediators were increased in the circulating 
leukocytes in patients with JAK2V617F-positive myeloproliferative neoplasms.
Relative mRNA expression levels of MMP2, MMP9, TGFB3, and IL-8 in the peripheral leukocytes of 
myeloproliferative neoplasm patients (n = 13) in comparison with the age- and gender-matched control 
subjects (n = 28). ACTB was used for normalization. The average value of the control subjects was set 
to 1. All data are presented as mean ± SEM. *P < 0.05 versus the control group by the unpaired Student’s 
t-test. MPNs, patients with myeloproliferative neoplasms.
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Figure S2. Blood cell counts and gravimetric data in response to angiotensin II (Ang II) infusion.
(A) Peripheral blood cells counts (n = 5–7) and (B) gravimetric data (n = 7–10) in the WT-BMT mice and 
JAK2V617F-BMT mice under saline or Ang II for 4 weeks. All data are presented as mean ± SEM.  *P < 0.05 
versus the corresponding saline-infused mice and †P < 0.05 versus the corresponding WT-BMT mice by 
one-way ANOVA with Tukey post-hoc analysis. WT, ApoE−/− mice transplanted with bone marrow cells 
from wild-type mice; JAK2V617F,  ApoE−/− mice transplanted with bone marrow cells from JAK2V617F mice; 
BMT, bone-marrow transplantation; WBC, white blood cell count; RBC, red blood cell count; Hb, 
hemoglobin concentration; Plt, platelet count.
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Figure S3. Blood pressures, heart rate, and chimerism in response to angiotensin II (Ang II) 
infusion.
(A) Mean blood pressure (BP), (B) diastolic BP, and (C) heart rate in the WT-BMT mice and 
JAK2V617F-BMT mice at the baseline (n = 17 in each) and 2 weeks (n = 6–10) and 4 weeks (n = 6–8) under 
saline or Ang II infusion. (D) Chimerism (n = 4–6) in the WT-BMT mice and JAK2V617F-BMT mice 4 weeks 
under Ang II infusion. All data are presented as mean ± SEM. *P < 0.05 versus the corresponding 
saline-infused mice by one-way ANOVA with Tukey post-hoc analysis. WT, ApoE−/− mice transplanted 
with bone marrow cells from wild-type mice; JAK2V617F, ApoE−/− mice transplanted with bone marrow cells 
from JAK2V617F mice; BMT, bone-marrow transplantation.
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Figure S4. Incidence of thoracic aorta aneurysm (TAA) under continuous angiotensin II (Ang II) 
infusion.
(A) Time course of thoracic aorta diameters in the WT-BMT mice and JAK2V617F-BMT mice at the baseline 
(n = 33–34), and 2 weeks (n = 7–24) and 4 weeks (n = 7–24) under saline or Ang II infusion. (B) 
Representative ultrasound images of asceinding aorta in the WT-BMT mice and JAK2V617F-BMT mice under 
saline or Ang II for 4 weeks. (C) TAA-free survival rate in the WT-BMT mice and JAK2V617F-BMT mice under 
saline or Ang II infusion (n = 7–27). The Kaplan-Meier analysis was used with a log-rank test. All data are 
presented as mean ± SEM. WT, ApoE−/− mice transplanted with bone marrow cells from wild-type mice; 
JAK2V617F,  ApoE−/− mice transplanted with bone marrow cells from JAK2V617F mice; BMT, bone-marrow 
transplantation; BCA, brachio cephalic artery; Ao, Aorta.
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Figure S5. Hematopoietic JAK2V617F does not induce the abdominal aortic aneurysm in the 
recipient mice with a wild-type (WT) background after angiotensin II (Ang II) infusion.
(A) Schematic diagram of the experimental design using the mice with a WT background (C57BL/6J) as 
recipients. Bone marrow cells from the WT mice or JAK2V617F mice were injected into the lethally 
irradiated WT recipient mice. Five weeks after bone marrow transplantation (BMT), Ang II (1900 
ng/kg/min) infusion was initiated for 4 weeks. (B) Chimerism of Jak2V617F at 5 weeks after BMT in the 
JAK2V617F-BMT mice (n = 8). (C) Blood cell counts 4 weeks after Ang II infusion in the WT-BMT mice and 
JAK2V617F-BMT mice(n = 6–8). (D) Speen weight/body weight after Ang II infusion (n = 9–11). (E) Systolic 
blood pressure (BP), (F) mean BP, (G) diastolic BP, and (H) heart rate at baseline (n = 9–11), 2 weeks (n 
= 9–11), and 4 weeks (n = 9–11) in the Ang II-infused WT-BMT mice and JAK2V617F-BMT mice. (I) 
Abdominal aorta diameters and (J) thoracic aorta diameters at baseline (n = 9–11), 2 weeks (n = 9–11), 
and 4 weeks (n = 9–11) after Ang II infusion. (K) Representative images of the aorta after Ang II infusion. 
Scale bars, 5 mm. All data are presented as mean ± SEM. *P < 0.05 versus the WT-BMT mice by the 
unpaired Student’ s t-test. WT, WT recipients transplanted with bone marrow cells from WT mice. 
JAK2V617F, WT recipients transplanted with bone marrow cells from JAK2V617F mice.   



Figure S6. Immunohistochemical images of the abdominal aorta in ApoE-/- recipients after saline 
or angiotensin II (Ang II) infusion.
Representative immunohistochemical images of the abdominal aorta stained by an anti-TER119 
antibody. Scale bars, 50 µm. WT, ApoE-/- mice transplanted with bone marrow cells from wild-type mice. 
JAK2V617F, ApoE-/- mice transplanted with bone marrow cells from JAK2V617F mice.

Saline Ang II
WT JAK2V617F WT JAK2V617F

TE
R

11
9



0

50

100

150

200

M
ea

n 
BP

 (m
m

H
g)

0 week

0

50

100

150

200

M
ea

n 
BP

 (m
m

H
g)

2 weeks 4 weeks

0

50

100

150

200

M
ea

n 
BP

 (m
m

H
g)

0

50

100

150

200

D
ia

st
ol

ic
 B

P 
(m

m
H

g)

0 week

0

50

100

150

200

D
ia

st
ol

ic
 B

P 
(m

m
H

g)

2 weeks

0

50

100

150

200

D
ia

st
ol

ic
 B

P 
(m

m
H

g)

4 weeks

0

200

400

600

800

H
ea

rt 
ra

te
 (b

pm
)

0 week

0

200

400

600

800

H
ea

rt 
ra

te
 (b

pm
)

2 weeks

0

200

400

600

800

H
ea

rt 
ra

te
 (b

pm
)

4 weeks

0

5

10

15

20

Vehicle Ruxolitinib

Th
or

ac
ic

 a
or

ta
 d

ia
m

et
er

 (m
m

)

0 week 2 weeks

1.5

0

0.5

1.0

2.5

2.0

Th
or

ac
ic

 a
or

ta
 d

ia
m

et
er

 (m
m

)

1.5

0

0.5

1.0

2.5

2.0

Th
or

ac
ic

 a
or

ta
 d

ia
m

et
er

 (m
m

)

4 weeks

Vehicle
Ruxolitinib

TA
A-

fre
e 

su
rv

iv
al

 ra
te

 (%
)

0

25

50

75

100

4
Weeks after Ang II

0 21 3

A B

C

Sp
le

en
 w

ei
gh

t/b
od

y 
w

ei
gh

t (
m

g/
g)

D

1.5

0

0.5

1.0

2.5

2.0

E
F

*

Log rank, P = NS

Figure S7. Effects of ruxolitinib on gravimetric and physiological parameters and incidence of 
thoracic aortic aneurysm (TAA) in angiotensin II (Ang II)-infused ApoE-/- recipients transplanted 
with JAK2V617F bone marrow cells.
(A) Spleen weight/body weight 4 weeks after vehicle (0.5% methylcellulose) or ruxolitinib administrtion in 
Ang II-infused ApoE-/- recipients transplanted with JAK2V617F bone marrow cells (n = 9–10). (B) Mean blood 
pressure (BP), (C) diastolic BP, and (D) heart rate at the baseline (n = 9–10), 2 weeks (n = 9–10), and 4 
weeks (n = 9–10). (E) Thoracic aorta diameter at the baseline (n = 11 each), 2 weeks (n = 11 each), and 4 
weeks (n = 11 each). (F) TAA-free survival rate (n = 11 each) with a log-rank test. All data are presented 
as mean ± SEM. *P < 0.05 versus the vehicle group by the unpaired Student’ s t-test. 
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