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Janus Activating Kinase 2 (JAK2) 

calreticulin (CALR) myeloproliferative leukemia (MPL) 

1)

thrombopoietin (TPO) 

2) JAK2 erythropoietin 

(EPO) EPOR TPO MPL

×

V617F

3) CALR

CALR MPL JAK2

4) MPL TPO

5) TPO

TPO

6) MPL MPLW515L

7)
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TPO Romiplostim (Rom) 

Δ 8)

Rom 1 mg/kg 1 C57BL/6J (B6)

Δ

1 9)  

 Δ

fibrocyte

fibrocyte serum amyloid P (SAP)

10, 11) fibrocyte CD14

fibroblast 12) fibrocyte

13) 14) 15) 16)

Rom fibrocyte

fibrocyte TPO MPL

9)

9) fibrocyte

fibroblast  
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� �þş�2 fibrocyte 1Ƅ%/ŕʅ-ƯɂEɩƊ AȅȂ,�DNA yIQ�G

�Iǃ- RNA V�QL�XǃEǳ�+md fibrocyte 1ʛ£ĞȀǬr�pFI�

1ɩƞEɚ(%DNAyIQ�G�Iǃ0>Aʛ£ĞȀǬr�pFI�0��+

2�yQ�pF�W-ƹʌ�+ signaling lymphocytic activation molecule-F7 

(SLAMF7) 1VRf���Ɖ�+�@�yJX1 fibrocyteȨɁƣ=Ċˉ�B%m

d fibrocyte1ȨɁɝˁ0��+<SLAMF7�Ł�ȀǬ�+�A�-�Ȍɷ�B%

9, 17) 9%�RNA V�QL�Xǃ, fibrocyte 1íÆÚƶʷ0��AȀǬʛ£Ğ

1ēÚEɼơ�%-�C�chitinase 3 like 1 (CHI3L1) � fibrocyte1ÆÚ0¤(+

ȀǬĐŁ A�-�Ȍɷ�B% 

� ƙȋȗ,2�fibrocyte0��A SLAMF7- CHI3L1�ˋˌȴȰǽ1Ȁǽæ4ʕ

ɚ0ʬDAƯĻEƊ?�0��Ƅ%/ƨơšǃ=ǀǿƭȂEȌȘ A�-EȅȂ

-�% 
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SLAMF7 CD16

JAK2V617F  

 

 

total RNA

fibrocyte SLAMF7

SLAMF7 CD16  

(SLAMF7high CD16− ) 

Elotuzumab (Elo) 

18) Elo in vitro

fibrocyte Humanised NOD/Shi-scid-IL2R null hNOG

19) SLAMF7high CD16− fibrocyte

Elo

SLAMF7 fibrocyte

 

SLAMF7 Δ

MPN : 

myeloproliferative neoplasm SLAMF7high CD16−
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SLAMF7high CD16−

sorting  

 

 

 

 ( 2154) 2017 2018 2016 WHO classification and 

diagnostic criteria20) MPN 58

 ( 1) European consensus criteria21)

Δ MF-0

MPN (MPN without MF) MF-1, 2, 3 

MPN (MPN with MF) MPN

MPN with MF 37 MPN without MF 21 Δ

PV : polycythemia vera 23  (ET : essential 

thrombocythemia) 23  (PMF : primary myelofibrosis) 12

MPN JAK2V617F 28

CALR 9 MPL 1  (triple negative) 

20 58 21

19

Hydroxyurea 1 Anagrelide 2 Ruxolitinib
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#B$BÔǿ�,�(%  

 

ˑ˕˒ƘƦəàƤǭ1űé�>4md fibrocyte1Ċˉ 

� PancollˑPAN-Biotech, Aidenbach, Germany˒Eǳ�%ƹʡʘŐǃ0>@�MPN

ŗȽ�>4·Ķef�1ƘƦə 1 ml >@ƘƦəàƤǭEþè�%9%�

JAK2V617FēǸE¤��-�ÊƊ�%ŗȽ0��+2�ŉʏ A fibrocyte1ʛ£

ĞēǸɩƞ<ɚ(%fibrocyte2�ƘƦə 3 ml>@ 5�106 ²1ƘƦəàƤǭE

þè��L-glutamine�20% fetal bovine serum�penicillin streptomycin EÔ�%

Dulbecco’s modified eagle medium (DMEM) ĊĆˑ Wako, Osaka, Japan 0˒ŝǙ��6

JK�r��d�, 37��5%CO21ǯď�, 8ƈʫĊˉ�%<1E©ǳ�%/

��DMEMĊĆ2 4ƈ0 1þ1ʫʸ,�Ŷ�% 

 

ˑ˖˒JAK2V617F�MPLW515K/L�CALR1ʛ£ĞēǸ1ɩƞ 

� JAK2V617F�MPLW515K/L�CALR 1ʛ£ĞēǸ1ɩƞ1%;�QIAamp DNA 

Mini Kit (Qiagen, Hilden, Germany) E©ǳ�+Îʏ1ƘƦə�>4 fibrocyte�?

Si{ DNA Eűé�%ƒÉ0 JAK2V617F 1ēǸG��ʣ (allele burden) E

ABC�PCR ǃEǳ�+ǒĢ�% 22)�1ʹ�allele burden � 10ːE�þ(+�%

čî2>@ƲȌ/šǃ,�A allele-specific PCR ǃ (AS-PCR) Eǳ�% 23)

MPLW515K/L 1 ē Ǹ 2 dual amplification-refractory mutation system PCR 

(DARMS-PCR) -õ3BA allele-specific PCRǃ-�#B0Ŀ�ȯ�P~o���
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ʿƺǅ×ǃEǳ�+ïĢ�% 24)CALR1ēǸ2 DNAƃǢɩƞEǳ�+ɩƞ�%

25) 

 

ˑ˗ p˒��UId|d��0>AƘƦə�1 SLAMF7high CD16−àǭ1ɩƞ-\

�bH�R 

� MPNŗȽæ4·Ķef�1ƘƦə 1 ml>@l�T��ˑ PAN-Biotech E˒ǳ�+

ƹʡʘŐǃEɚ�ƘƦəàƤǭEþè�%10 µl1fluorescence activated cell sorting 

(FACS) buffer0ŝǙ��5 µl1mdBD Fc block (BD Biosciences, San Jose, CA, USA) 

EǏÔ�+Fcêĥ¦q�`P�REɚ(%Ŀ�ȯ�+�fluorescein isothiocyanate 

(FITC) ƭʁŦCD14Ŧ¦ (Beckman Coulter, Tokyo, Japan)�pacific blue (PB) ƭʁŦ

CD16Ŧ¦ (BD Biosciences)�phycoerythrin (PE) ƭʁŦCD66bŦ¦ (Miltenyi 

Biotec,Bergish Gladbach, Germay) æ4allophycocyanin (APC) ƭʁŦSLAMF7Ŧ¦ 

(Miltenyi Biotec) EǏÔ�%FACS buffer 10 µl0ŝǙ��Ƽ�,30ÆI�P�t�d

�%ŉFACS buffer 500 µl,2þǆǊ�%Ơɒŉ1ȨɁ2BD FACS Aria III (BD 

Biosciences) Eǳ�+4N��,ɩƞEɚ(%àǭÆǵ1�,CD14+ CD66b−1Æ

ǵ0S�dE����?0SLAMF7high CD16− àǭ1ÆǵEǥĢ�%ˑĂ1˒ 

� 9%�ş�2SH800 cell sorter (Sony Biotechnology, Tokyo, Japan) Eǳ�A�-,�

7ð1JAK2V617FēǸʴŕŗȽ120ml1əǌƨ¦�?SLAMF7high CD16− àǭ-

SLAMF7low CD16−àǭ1\�bH�REɚ(%űé�%ȨɁ2#B$B

JAK2V617F allele burden1ǒĢEɚ(%ǛəEɚ�őɤ��@ÞÆʣ1əǌʣ�
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űé,�%2ð1ƨ¦02ŉʏ Afibrocyte1ĊˉG`ZIEÔ�% 

 

ˑ˘˒\�bH�R�%md fibrocyte1ĊˉG`ZI 

� \�bH�R�%ȨɁ2 1JK��%@ 2�105²!) 3 ml1ĊĆ0ŝǙ��6

JK�r��d�, 37��5ːCO21ǯď�,Ċˉ�%ĊĆ2Îʏ�% DMEM

ĊĆˑWako˒0 2 mM L-glutamine (nacalai tesque, Kyoto, Japan) �20% fetal bovine 

serum (CORNING, Corning, NY, USA) �100 U/ml penicillin – 100 µg/ml streptomycin 

(Thermo Fisher Scientific, Waltham, MA, USA)  EÔ�%<1E©ǳ�%4ƈʫ0

1ļĊĆ1�ŶEɚ�/�? 16ƈʫĊˉ�%1'�ÆÚ�% fibrocyteˑȨʩ�ȥ

ʧŃ-âŃ1ƤEó�%�ȉȨɁ-ĢȻ�%˒1¾ȨɁ0á;AÑîEJK�Ƹ

0ɬǒ�% 26) 

 

ˑ˙˒Ȯɬɩƞ 

� Ⱥʫƹʌ2�Fisher1ƲȌƨĢ�>4Mann-Whitney ƨĢ,ɚ(%3Ⱥ��1

Ⱥʫƹʌ2 Kruskal Wallis testɩƞŉ0�Steel-Dwass test,Ⱥʫƹʌ��Bonferroni

ɠƲEɚ(%9%�2 ÿĞ1ȇʬʬ¯0ʬ�+2oG\�1ȕȘȇʬ¯ſEǳ

�+ƨĢ��ïƍ0ȴŃþĵÆƞEɚ(% 6+1 P ´2�¸ƨĢEǳ�+�

0.05ƗǓEȮɬĠȂ0ƓřĴ��A-:/�%c�]1ŵÅæ4Ȯɬɩƞ02

GraphPad Prism 7.0 (GraphPad Software, La Jolla, CA, USA) ��>4 JMP version 

12.0 (SAS Institute Inc., Cary, NC, USA)Eǳ�% 
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ț˖ȟ  ȬƟ� � �                                    � �          

ˑ˔˒ˋˌȴȰÚE¤�ŗȽ0��AƘƦə�1SLAMF7high CD16−àǭ1�Ɖ 

� ŗȽ2MPN without MF1Ⱥ-MPN with MF12Ⱥ0Æˇ�%íȺ1ƘƦə�0

��ASLAMF7high CD16−àǭÑî1�ė´�#B$B·Ķef� (n = 21) �0.94%�

MPN without MF (n = 21) �3.23%�MPN with MF (n =37) �16.90ː,�(%·Ķ

ef�-MPN without MF1Ⱥ0ƹʌ�+�MPN with MF1Ⱥ,2SLAMF7high CD16−

àǭ1Ñî�Ɠř0ĐÔ�+�% (P < 0.01) (Ă2a) 9%�MPNŗȽ1íēǸʛ

£Ğʫ (JAK2V617F, CALR, MPL + triple negative) ,ƹʌ�%UqR��rɩƞ0

��+2�CALRēǸ (n = 9) -MPLēǸ+ triple negative (n = 21) 1Ⱥ0ƹʌ�+�

JAK2V617FēǸ (n = 28) ,Ɠř0SLAMF7high CD16−àǭ1Ñî�ĐÔ�+�% 

(�ė´˝JAK2V617F 28.75% vs. CALR 3.26% vs. MPL + triple negative 1.72%, P < 

0.01) (Ă2b)Ô�+�JAK2ēǸE¤�MPNŗȽʫ1ƹʌ0��+2�MPN without 

MF (n = 9) 1Ⱥ0ƹʌ�+�MPN with MF (n = 19) 1Ⱥ,Ɠř0SLAMF7high CD16−

àǭ1Ñî�ĐÔ�+�% (�ė´˝7.74% vs. 43.70%, P < 0.01)ïƬ0�JAK2ē

ǸE¤D/�MPNŗȽʫ1ƹʌ0��+<�MPN without MF (n = 12) 1Ⱥ0ƹʌ

�+�MPN with MF (n = 18) 1Ⱥ,Ɠř0SLAMF7high CD16−àǭ1Ñî�ĐÔ�+

�% (�ė´˝1.24% vs. 4.32%, P < 0.05) (Ă3a) ȴȰÚE¤�ŗȽ-¤D/�ŗ

Ƚ1ʫ1Ĵ2JAK2V617FēǸE¤�ŗȽ0��+ˆɕ,�(%ˑĂ3a˒ư0�

JAK2V617FēǸE¤�ŗȽ0��+ˋˌȴȰÚE�ǒëɂ0 ASLAMF7high 

CD16−àǭÑî1N`dMp´EɯĢ AȅȂ,receiver operating characteristic 
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(ROC) SLAMF7high CD16−

25 % AUC 0.901

79.0 77.8 3b  

 

SLAMF7high CD16− JAK2V617F allele burden  

JAK2V617F allele burden (n = 28) SLAMF7high CD16−

 (Pearson’s correlation coefficient, r = 0.531, linear 

regression analysis, p = 0.0037) ( 4a) fibrocyte JAK2V617F allele burden (n = 28)

SLAMF7high CD16−  (Pearson’s 

correlation coefficient, r = 0.631, linear regression analysis, p = 0.0003) ( 4b)   

JAK2V617F 7  

( 5a) SLAMF7high CD16− JAK2V617F allele burden SLAMF7low 

CD16−  (P < 0.05) ( 5b) 2

SLAMF7high CD16− SLAMF7low CD16−

SLAMF7high CD16− fibrocyte  (P 

< 0.05) 5c  

 

 

SLAMF7 SLAM superfamily 66kDa κ 1 27)

SLAMF7 CD8 T
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ŃʅȨɁƬƮǧȨɁ=¡Ʊƕ1NKȨɁ0ȀǬ��Ŏŀ,2�A�CD4ʴŕTȨɁ�

¡Ʊƕ1BȨɁ=àǭ0<ȀǬ�+�A28)9%�CD4ʴŕTȨɁ�BȨɁ�àǭǴ

ƜƮǧȨɁ�àǭ/.�ǇŕÚ�B%ʹ0SLAMF71ȀǬ1ĐÔ�ɷ;?B29)��

¦1¼Ǻɼȟ0§?�1ŇÑEƟ%�+�A�-�Ȏú�B+�A��#1Ưɂ0

)�+2Ɨ&�Ɗ/ǟ�ĕ� 

� ƙȋȗ0��+�ş�2SLAMF7high CD16−àǭÆǵ0Ǆȅ��íŗȽɀƎ-1ɩ

ƞEɚ��-,Ƭ�/�ģEƊ?�0�%MPN with MF2MPN without MF0ƹʌ

�+SLAMF7high CD16−àǭ�Ɠř0�Ɖ�+�A�-EȀɥ���1Ǭʂ2

JAK2V617FēǸE¤�ŗȽ0��+ǥ0ˆɕ,�(%�1ǟ0ʬ��ROCƏȴE

ǳ�+ɶȨ0ɩƞ�%ȬƟ�ƘƦəàƤǭ�1SLAMF7high CD16−àǭ1ÑîEɬǒ

 A�-2�JAK2V617FēǸʴŕŗȽ1čî�ȴȰÚ1ȒļE�ǒ Aŭƭ-�+

ˀĶ0Ɠǳ,�A�-�ÊƊ�%9%�JAK2V617FēǸʴŕŗȽ,2�JAK2 allele 

burden1ǒĢȬƟ�?�SLAMF7high CD16−àǭ1Ñî2�ŗȽƘƦəàƤǭ=

fibrocyte1JAK2 allele burden-Ł�ȇʬ��A�-�Ɗ?�0/(%Ô�+��

þş�2SLAMF7high CD16−àǭ-SLAMF7low CD16−àǭE#B$Bsorting�Ċˉ

 A�-,�SLAMF7high CD16−àǭ2�JAK2V617FēǸʴŕ1ɈǾQ����ǚȶ

�B%ʻĀ,�A�-EƊ?�0�%�1�ģ2�SLAMF7high CD16−àǭ�Elo

E2�;-�%ȴȰÚŤÍÖƟEƕň�BAɗÏ1ƭȂ-/@ŋA�-EȎú�

+�A 

� ʎĸ�ȴȰÚE¤�MPN,2ȴȰÚE¤D/�MPN0ƹʌ�+ƘƦə�1
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JAK2V617F allele burden�ĐÔ�+�A-1Čô�žɥ�B+�A25, 30-32)Ô�+�

JAK2V617FēǸEɷ;AMPN1ŗȽ0��+�homozygousJAK2V617FēǸEɷ;

Aǽª,2heterozygous0ɷ;Aǽª>@<ˋˌȴȰǽ5ʕį AȌǫ�ˍ�- 

AČô<�A31)>(+��þ1ş�1Ȁɥ2�JAK2V617F allele burden1�Ɖ�

SLAMF7high CD16−àǭ1ĐÔEʑ�+ˋˌȴȰÚE°ʕ�"A�-EȎú A<

1-ȼ�?BA#�+�SLAMF7high CD16−àǭ1ɩƞ2ˋˌȴȰÚ1ƓǠ0Ʃ;

+ĦŲ0ʬʓ A�ƅ,�̀ ˌǱƨ0ƹʌ�+®ɣŕ�¥��-�?�̀ ˌǱƨ0

ēDAˀ®ɣŕy�N�-�+1ɱƃŒǳEȅŭ�%ÎƅɦȂ/ƨɭ<Ɣ9BA

9%��ŉElo1ɍĺɴˊEģǬ�+��ʹ02�ʙÇ/³ɠȽEʚĢ A�,ƒ

ʡɤ1ƨơ˄ȅ11)-/@ŋA-ƕň�"A 

 

ț˘ȟ� Ĭū 

� ·Ķef�=ˋˌȴȰÚE¤D/� MPN ŗȽ-ƹʌ��ˋˌȴȰÚE¤�

MPNŗȽ0��+ƘƦəàƤǭ�1 SLAMF7high CD16−àǭ1Ñî2Ɠř0ĐÔ

�+�%ƘƦə= fibrocyte 1 SLAMF7high CD16−àǭEɬǒ A�-2�

JAK2V617FēǸE¤�ŗȽ1 allele burden1�Ɖ=ˋˌȴȰÚ1ȒļE�ǒ A

ɑě/ŭƭ-/A�-�Ɗ?�0/(%Ô�+�SLAMF7high CD16−àǭÆǵ2

allele burdenˍ´1ɈǾŕQ����ǚȶ�%ȨɁʻĀ,�@�Elo1ǀǿ³ɠȽ

EŨÅ Aŭƭ-�+ˀĶ0Ɠǳ,�A�-EɥÅ�% 



 
 

13 

fibrocyte CHI3L1  

 

  

TGF β

33) pirfenidone TGF-β

34)

TGF-β ×  

Rom TPO

fibrocyte

Δ 9)

fibrocyte SAP 35

grade 1

35) fibrocyte

fibrocyte

 

fibrocyte fibrocyte

RNA
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fibrocyte fibrocyte

Chitinase 3 like 1 (CHI3L1) CHI3L1

fibrocyte Rom

CHI3L1 in vitro in vivo

 

 

 

 

MPN CHI3L1

MPN 52 European consensus 

criteria21) Δ MF-0

MPN without MF MF-1, 2, 3 MPN with MF

fibrocyte 4

 

 

fibrocyte HS-5  

Pancoll PAN-Biotech 10 ml

L-glutamine 20% fetal bovine serum
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penicillin-streptomycinEÔ�% DMEMĊĆˑWako˒, 37��5%CO2�,Ċˉ�

%DMEMĊĆ2 4ƈ0 1þ1ʫʸ,�Ŷ�%mdȴȰɓȨɁ1ȨɁƣ,�A

HS-5 (ATCC, Manassas, VA, USA) 36)2� 10% fetal bovine serum� penicillin 

treptomycinEÔ�% DMEMĊĆ (ATCC) , 37��5%CO2�,Ċˉ�% 

 

ˑ˖˒mdàǭ�>4 fibrocyte1 RNAV�QL�X 

� ÆÚ0¤�ȀǬʛ£Ğr�pFI�1ēÚEȌɷ A%;�Îʏ�%ƘƦəà

ƤǭE DMEM ,ĊˉʪĜ��1 ƈŉ�8 ƈŉ�>4 11 ƈŉ0cH`V�0ƴğ

�+�A�ȉȨɁE#B$B monocyte�fibrocyte (day 9) �fibrocyte (day 12)-�

%RNeasy Mini Kit (QIAGEN, Hilden, Germany) Eǳ�+�|�N�1©ǳƑʑ

@0íȨɁ�?¾ RNA EŨÅ�%RNA 1ēŕ�>4ǎǙ1ƓǠ2 1%GO�

�XS�Eǳ�%ʿƺǅ×ǃ,Ȍɷ��#1�, RNA Nano 6000 Assay Kit of the 

Bioanalyzer 2100 system (Agilent Technologies, Santa Clara, CA, USA) ,÷ʅEɳ

�%V�QL�X�Iq���2 NEBNext UltraTM RNA Library Prep Kit for 

Illumina (NEB, Ipswich, MA, USA) Eǳ�+|�N�1ųęʑ@0¨ɡ��ƒȩȂ

/ PCRǲǣEȠɡ�%ŉ0�Agilent Bioanalyzer 2100 system (Agilent Technologies)

,ȠļȌɷEɚ(%V�QL�X2 Hiseq4000 (Illumina, San Diego, USA),

150bp 7GL�e��e,ɚ(%RNA V�QL�Xc�]1Ȯɬɩƞ2 CLC 

Genomics Workbench 11.0 (QIAGEN)Eǳ�+ɚ��#1ʹ0őɤ-/A�pF�

� X S i { - G i b � V � � c � ] 2 � ! B < Ensembl 
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(http://asia.ensembl.org/info/data/ftp/index.html) �?#B$B^J���e��I�

x�d�%ȀǬē×ʛ£Ğɩƞ2 3Ⱥʫ,íuGƸ1ƨĢEɚ��false discovery 

rate (FDR) � 0.05ƗǓ�log2-fold� 2��1ʛ£ĞEŨÅ�%m�dy`r1

¨Ş0ʹ�+2�ȀǬē×ʛ£Ğɩƞ,¨Ş�%ȀǬƹʌc�]1��?

fragments per kilobase of exon per million reads mapped (FPKM) � 1E�þAʛ£Ğ

EŨÅ��#��?ē×ǫ1ˍ� 25ȓ1ʛ£ĞEŨÅ�+¨ĂEɚ(% 

 

ˑ˗˒yQ�pF�W�>4 fibrocyte0��AyIQ�G�Iɩƞ 

� Hashimoto?�ɚ(%yIQ�G�Iɩƞ0��+�yQ�pF�W- fibrocyte

1ȀǬʛ£Ğr�pFI�Eƹʌ�+�A�-�? 17)�NCBI GEO2R 

(https://www.ncbi.nlm.nih.gov/geo/geo2r/) ,�xWd��c�]Eǳ�+�ȨɁ1

CHI3L1ȀǬʣEɩƞ�%GEO accession2 GSE71290�Data base2 GPL570�

CHI3L11 ID2 209395_at,�(%  

 

ˑ˘˒md fibrocyte0��A CHI3L11ȀǬ1Ȍɷ 

� Îʏ1ƅǃ,ĊˉʪĜ�%·Ķef�1md fibrocyteE�day 4�day 7�day 10

0#B$B 0.25%d�rV� EDTA (Wako, Osaka, Japan) ,ÄǮ��6Ȗr��d

�0 1.0�105 cells /ml²!)Ź�%48ƍʫŉ1ȨɁE#B$B fibrocyte (day 6) �

fibrocyte (day 9) �fibrocyte (day 12) -��Ċˉ�ǐ-V~��0ƴğ AȨɁE

ŉʏ A Enzyme-Linked Immuno Sorbent Assay (ELISA) ǃ- quantitative 
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polymerase chain reaction (qPCR)  

 

CHI3L1  

52 MPN 20

CHI3L1 Human Luminex Assays (R&D systems, Minneapolis, MN, USA) 

 

 

TPO  

8 B6  (CLEA Japan, Tokyo, Japan)  (n = 16)

Romiplostim (Kyowa Hakko Kirin, Tokyo, Japan)  (Rom  n = 16)

1  (n = 4) 2  (n = 8) 3  (n = 4)

Rom Rom 1 mg/kg day 1

day 8 day 15 day 8 day 15 day 22

tail cutting

2 8

40 µm

BD Biosciences, San Jose, CA, USA 37)

γ Roswell Park Memorial Institute (RPMI) – 1640

 (Sigma-Aldrich, St. Louis, MO, USA) 

10% 24



 
 

18 

ŉ0�}��Xǌ ˑ22.5% �ʠ�>4 10%QL�ʠfd�J{  ˒0>AɄǝÄ

ǮE 24ƍʫɚ(%l�pH�Ùĉ1ŉ0 hematoxylin-eosin (HE) Ơɒ�ʨʥƠ

ɒ�>4Ŧ alpha-smooth muscle actin (α-SMAŦ¦) (DAKO, Tokyo, Japan) 0>A

ƠɒEɚ��ȪȷĠȂɳEɚ(%ˋˌȴȰÚ1ɳ0)�+2�European 

consensus criteria0ǕŪ�% 21)űé�%əǐ2ŉʏ A ELISA0�ɅɌ�>4

ˋˌ1ȨɁ2ƇČ0Ŋ� BD Pharm Lyse (BD Bioscience) Eǳ�+ǖə�"%1

'�ŉʏ A qPCRǃ0#B$B©ǳ�% 

 

ˑ˛˒Clodronate liposome0>Aàǭʲä 

� àǭ�>4yQ�pF�W1ʲäEɚ�ȅȂ,�yJXET�d���Ⱥ (n = 

6) �RomȺ (n = 8) �>4 Rom + clodronate liposomes (Formumax, Sunnyvale, CA, 

USA) (CLs) Ⱥ (n = 6) 1 3Ⱥ0Æ�%RomȺ- Rom + CLsȺ02 day 1- day 8

0#B$B Rom 1 mg/kg1Ȅ�ǄĪEɚ(%�?0�Rom + CLsȺ02 CLs 200 

µl/bodyE day -10�CLs 100 µl/bodyE day 3�day 7�day 11�day 140ɉɇÀ0

ť��%#1ʹ�T�d���Ⱥ- Rom Ⱥ02ïʣ1 control liposomes 

(Formumax) EɉɇÀ0ť��%�B?1yJX2 day150ġƪƳ�"%1'�

Îʏ1ƅǃ,�¸Ƀˋ-ĖɊˋ1űé�>4ÄǮEɚ(% 

 

ˑ˜˒ʢǱĈyJX (B6) - Chi3l1i`QGJdyJX0��AˋˌȴȰÚɸī

ģˊ 
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� ˋˌȴȰÚ0��A Chi3l11ņ˂EȌɷ AȅȂ,�ʢǱĈyJX (n = 19) -

Chi3l1i`QGJdyJX (n = 21) 0Rom 1 mg/kgEȄ�ǄĪ�+ˋˌȴȰÚE

ɸī�%ʢǱĈȺ 15Û�i`QGJdȺ 15Û2#B$B day 1- day 80 Rom

1ť�Eɚ��day 150ġƪƳ�"+Îʏ1ƅǃ,�¸Ƀˋ-ĖɊˋ1űé�>

4ÄǮEɚ(%ʢǱĈȺ 4Û�i`QGJdȺ 6Û2#B$B day 1�day 8�

�>4 day 150 Rom1ť�Eɚ��day 220ġƪƳ�"+Îʏ1ƅǃ,�¸Ė

Ɋˋ1űé�>4ÄǮEɚ(% 

 

ˑ˔˓˒fibrocyteĊˉ�ǐ1 HS-551ǏÔģˊ 

� Îʏ1ƅǃ,ĊˉʪĜ�%·Ķef�1md fibrocyteE�day 4�day 7�day 10

0#B$B 0.25%d�rV� EDTA (Wako) ,ÄǮ�%ŉ0�2.0�105 cells!) 6

JK�r��d�, HS-5Ċˉǳ1 DMEMĊĆ (10% fetal bovine serum�penicillin 

streptomycin½@) Eǳ�+ĊˉʪĜ�%48ƍʫŉ0#B$B day 6�day 9�day 

12ƍǟ1 fibrocyte1Ċˉ�ǐ-�+þè�%�ƅ,�|�N�1�ƬƑ0Ŋ(

+ HS-5E 2.0�105 cells!) 6JK�r��d�, 24ƍʫĊˉ�%ŉ0�|cH

J{E�ʏ1 fibrocyte1Ċˉ�ǐ0ȸŶ�%Day 121 fibrocyte1Ċˉ�ǐE©

ǳ�% HS-5 0)�+2��öŦ¦,�AŦ CHI3L1 Ŧ¦ (Merck Millipore, 

Burlington, MA, USA) 38)� HS-50æ8 ņ˂EȌɷ A%; 2JK�Eǳř�%

Ŧ CHI3L1Ŧ¦E©ǳ�/� day 6�day 9�day 121r��d02ʳŕT�d��

�-�+ IgG�(Beckman Coulter)E�day 121Ŧ CHI3L1Ŧ¦E©ǳ Ar��d
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02ïŦ¦E#B$B 10 µg/ml1ǚļ0/A>�ť��%48ƍʫŉ0Ċˉ�ǐ

Eʲä�%ŉ0�ȨɁ1ǖɩǌE©ǳ�+ŉʏ A qPCRǃEɚ(% 

 

ˑ˔˔˒md fibrocyte1Ċˉ�ǐ��>4yJXəǐ1 ELISAǃ 

� Îʏ1ƅǃ,þè�%md fibrocyte 1Ċˉ�ǐ2 Human Chitinase 3-like 1 

Quantikine ELISA Kit (R&D systems, Minneapolis, MN, USA) Eǳ�+�|�N�1

�ƬƑ0Ŋ(+ɩƞ�%yJXəǐ0)�+2 Mouse Chitinase 3-like 1 

Quantikine ELISA Kit (R&D systems) Eǳ�+�|�N�1�ƬƑ0Ŋ(+ɩƞ�

% 

 

ˑ˔˕˒md�>4yJX1 qPCRǃ 

� Îʏ1íģˊ,þè�%md fibrocyte�yJXɅɌ�yJXˋˌ�HS-5E RNeasy 

Mini Kit (QIAGEN) ,Ȳ RNA ŨÅEɚ��ȯ�+ SuperScript™ III First-Strand 

Synthesis SuperMix for qRT-PCR ( Invitrogen, Carlsbad, CA, USA) , cDNAîŞEɚ

(%�BEʦĈ-�+ qPCRǃEɚ��md fibrocyte0)�+2 CHI3L1E�

yJXɅɌ0)�+2 Chi3l1 1ȀǬE�yJXˋˌ0)�+2 Chi3l1�Col1a1�

Col3a1�Acta2�Fn1�Il13r�2�Ptgdr21ȀǬEɳ�%HS-50)�+2 COL1A1�

COL3A11ȀǬEɳ�%ɟȸ2 Lightcycler 480 (Roche, Basel, Switzerland) E©

ǳ��CYBR greenEǳ�%I�]�N��]�ǃ (LightCycler® 480 SYBR Green 

I Master, Roche) ,ɚ(%ÀʜƭǕ-�+1jJXP�o�Rʛ£Ğ2 GAPDH 
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( ) Gapdh ( ) 		Ct

2  

 

 

52 MPN

Fisher Mann-Whitney 

2 Mann-Whitney 3 Kruskal- 

Wallis test Steel-Dwass test Bonferroni

P 0.05

GraphPad Prism 7.0 (GraphPad Software) 

JMP version 12.0 (SAS Institute Inc.)  

 

                                              

CHI3L1 mRNA fibrocyte  

fibrocyte fibrocyte

3 RNA

 ( 6a) 

fibrocyte 13

fibrocyte 1 CHI3L1
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%9%�yQ�pF�W-fibrocyte1ȀǬʛ£Ğr�pFI�EyIQ�G�I

,ƹʌ�+�A17)ƇČ1c�]Eɩƞ�%-�C�yQ�pF�W-1ƹʌ0��

+<CHI3L12Ɗ?�0ˍȀǬ,�A�-�Ȍɷ�B% (Ă6b)ư0�RQ-PCRǃ-

ELISAǃEǳ�+ȨɁſEŴ�%ƛ ,mRNA-]�lQ1ȀǬEȌɷ�%-�

C�fibrocyte0��+2ƍʫȫʖ-¿0CHI3L11ȀǬ�ĐŁ A¹ñ�Ɗ?�0/

(% (Ă7) �B?1Šɥ�?�RNAV�QL�X=yIQ�G�I1ȬƟ1:

/?!�fibrocyte1ÆÚ0¤�CHI3L11mRNAȀǬ�>4]�lQÆǂ�ĐÔ A

�-�Ȏ�B% 

 

ˑ˕˒MPNŗȽ1əǐCHI3L11�Ɖ2ˋˌȴȰÚ1ȒļE�ǒ AǨȘ�%ʬʓ

ÿĞ,�A 

� ˋˌȴȰÚ-əǐCHI3L11ʬʓ1ƓǠEɼ6A%;�MPN-ɱƃ�B��)ˋ

ˌǱƨ0��AȴȰÚ1ɳ�ɚDB+�A52ðˑ Ěŕ 46.3% 1˒ŗȽ0)�+ŉ

ƅɦȂ/ɩƞEɚ(%ˑɝ3˒s}R�n��ȁəǭ�əĬƝ1�ė´2#B$

B13.3 g/dL�11.9�109 /L�56.6�109 /L,�(%ʛ£ĞēǸ0)�+2JAK2V617F

�55.6ː�CALR�14.8ː�MPL�1.9ː�triple negative�27.7ː0#B$Bɷ;?B�

ɱƃð2PV�40.7%�ET�42.6%�PMF�16.7%,�(%ǀǿ2Hydroxyurea�28.8

ː�Anagrelide�1.9ː�Ruxolitinib�3.7%1ŗȽ0Ɔɚ�B+�%ɪȊëɂ/Ʌ

Ɉ225.0ː1ŗȽ0Ȍɷ�B%ɝ�1í˄ȅ0��+�MPN without MFȺ-MPN 

with MFȺ1ʫ,Ɠř/ĴEɷ;%<1-�+ɅɈ�əǐLDH´�əǐCHI3L1´1
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3˄ȅ�ɵł��#1�1˄ȅ0)�+2�Ⱥʫ,Ɠř/Ĵ2ɷ;/�(%9%�

P´�0.1E�þA˄ȅEĩʂ0Xb`r�IYǃ,ĕēʣɩƞEÔ�%-�C�Ʌ

Ɉ (P < 0.001)-CHI3L1 (P = 0.039) �ŨÅ�B%ư0�PV�ET�PMFEǻŗ�

-0ȴȰÚ1ƓǠ,Æˇ A-�pre-PMF-PMF1ʫ01:Ɠř/Ĵ�ɷ;?B%

ˑĂ8a˒9%�ȴȰÚEgradeƸ0Æˇ A-�R��e���A0Ŋ(+əǐ

CHI3L1´��Ɖ A¹ñ�Ɗ?�0/(%ˑĂ8b˒�?0�ˋˌȴȰÚ1ğą

Eǹ�əǐCHI3L1´1N`dMp´EŋA%;ROCƏȴ1¨ŞEɚ(%-�C�

resulting area under the curve (AUC) 20.707,�@�N`dMp´E34.4 ng/µl0Ģ;

%ʹ1Śļ�63.6%�ǥǸļ�76.2%-��ȬƟ,�(%ˑ Ă9 ˒�B?1ȬƟ2�

əǐCHI3L1�ˋˌȴȰÚ0��AǨȘ�%ʬʓÿĞ,�A-¿0�ɅɈ-¿0ɳ

 A�-,ˋˌȴȰÚ1ğąE�ǒ AƓǳ/ŭƭ0/@ŋA�-�Ȏú�B

% 

 

ˑ˖ R˒om0>AˋˌȴȰǽ}c�yJX0��+ˋˌ�1Chi3l1 mRNA2ĐÔ 

A 

� yJX0��+�̀ ˌȴȰÚ�Ǳ�%ʹ1əǐ��>4ɅɌ=ˋˌ/.1ĮŠ0

��AChi3l11×śEţŷ A%;�ş�2Îʏ�%Romť�0>AˋˌȴȰǽ}

c�E©ǳ�%ˑĂ10a˒#1ȬƟ�Rom1ť�þſ0Ŋ(+əǐCHI3L1´�Ɠ

ř0�Ɖ A�-�Ɗ?�-/(% (P < 0.05)ˑ Ă10b˒9%day 150ǦǤƳ�"

%yJX1ɅɌ-ˋˌ�0��AmRNAEreal-time PCRǃ,controlȺ-ƹʌ�%-
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Chi3l1

 (P < 0.01) 10c,d

mRNA control Rom + control liposome Rom + CLs

 ( 11a) Rom + CLs Rom + control liposome

 ( 11b) real-time 

PCR Rom + CLs Chi3l1 mRNA

control  ( 11c) Rom

Chi3l1

Chi3l1 CLs

Chi3l1 fibrocyte

 

 

Chi3l1 Rom  

CHI3L1 Chi3l1

Rom day 15

15 12a, b, c

Δ

MF grade α-SMA  4 13
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mRNA

Col3a1 Acta2  (P < 0.05) Col1a1 Fn1

 ( 14) Chi3l1 Il-13r 

�2 Ptgdr2 39) 40)

CHI3L1

 

 

CHI3L1 fibroblast ×  

fibroblast CHI3L1

fibroblast HS-5  ( 15a) fibrocyte

CHI3L1 day 3

day 6 day 12 3 HS-5 48 HS-5 mRNA

day 3 day 6 HS-5 day 12

HS-5 Col1a1 Col3a1  (P < 0.05) (

15b,c) CHI3L1 day12

day 6 CHI3L1 fibroblast ×
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Fibrocyte fibrocyte

RNA RNA

fibrocyte CHI3L1  

CHI3L1 1

 (CLPs) κ 18

CLPs 

41) CHI3L1 CLPs 1 YKL-40

BRP-39

CHI3L1

42-44)

Th2

44-47)  (MPN) 

PMF PV ET CHI3L1

48)  

fibrocyte CHI3L1

MPN CHI3L1

Rom CHI3L1
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HS-5 fibroblast

36) fibrocyte fibrocyte fibroblast

 

CHI3L1 CHI3L1

1 49, 50) CHI3L1 ×

 

fibrocyte RNA

fibrocyte

CHI3L1 γ

fibrocyte CHI3L1 TPO

CHI3L1

fibrocyte CLs

Chi3l1 mRNA

fibrocyte CHI3L1  

CHI3L1 1 fibrocyte

fibrocyte

 (collagen procollagen

collagen )  (CD45 CD34 CD11b CD68) 
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12, 51, 52)  Δ

fibrocyte

 

CHI3L1

He

CHI3L1

interleukin-13 receptor α2 (IL-13Rα2) ×

mitogen-activated protein kinase Akt

TGF-β1 39) IL-13Rα2

TGF-β1

CHI3L1

39) CHI3L1 myofibroblast

Montgomery 40)

CHI3L1 fibroblast myofibroblast

Zhou 53) CHI3L1

fibroblast CHI3L1 fibroblast

 

CHI3L1

Bjorn PMF CHI3L1 PV ET
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48) JAK2V617F

Δ CHI3L1

 

TGF-β

Rom

pan-chitinase inhibitor

inhibitor CHI3L1

 

 

 

MPN 52 CHI3L1

Chi3l1

fibroblast CHI3L1 fibroblast
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ț˗ș� ȼħ 

� 2014ĸ�?ĄÀ,<JAK2ʯĤɗ�PMF1ǀǿɗ-�+ȀĒʪĜ-/(%��¾

ʉµœŚ=ɅɈ1Żü2ŋ?BA�ƅ,�̀ ˌȴȰÚ1Żü=�ƾəǭǑĭ�?1

ʒəþō�ŋ?BAª2���¬ǡ-�+ƥǀȂǀǿ2ˋˌȑƧ1:-��ǧǁ

,�@�̀ ˌȴȰÚ1ƯĻ1ɩƊ-#B0ĩŒ AÆĞƭȂǀǿ1ʪȀ2ŔØ,�

A 

� ʎĸ1Čô=ş�1ȋȗŞƟ,fibrocyte�ˋˌȴȰǽ0��AǀǿƭȂ-Ş@ŋ

A�-EȎú�+�A�-�?�ş�2DNAyIQ�G�Iǃ-RNAV�QL�

Xǃ-�(%ȱȹȂʛ£ĞɩƞEʑ�+fibrocyte�ȀǬ AƭȂÆĞ1ƨȦEɚ�

ƅʤ-�%#1ȬƟ�SLAMF7-CHI3L10Ǆȅ A0ɏ@�ˋˌȴȰÚ0ʬD

A�ʓ1ȋȗŞƟEŋA�-�,�% 

� SLAMF7E]�S`d-�%Elo0ʬ�+2�NOGyJXEǳ�+mdȨɁEȑ

Ƨ�%P|�yJX0��+ˋˌȴȰÚ-ɅɈ1Ɗ?�/ŻüEɷ;+�@�md

0ĩ AÖƟ<ºÆ0ƕň�BA9%��þŋ?B%ȮɬĠȂɩƞ1ȬƟ�?�

SLAMF7high CD16−àǭ1Ñî�JAK2V617F1allele burdenEçƌ A�-�Ȏú�

B%#1%;�SLAMF7high CD16−àǭÑî2�EloE©ǳ AŗȽʚĢ0ʹ�+

1Ɠǳ/ŭƭ-/A�-<Ɗ?�0/(%�ŉ2Elo1ġ¾ŕæ4ƓÖŕEƨɲ

 Aɍĺɴˊ1ģǬ0ñ�%Ɛ/Aɼƀ-ƨɭ�ƽ;?BA 

� CHI3L10ʬ�+<�i`QGJdyJXEǳ�%ģˊ,ȴȰÚ1Żü�ɷ;?

B�CHI3L1�ˋˌȴȰÚ1ɸī0ʡɤ/ŇÑEƟ% ëɂŕ�Ȏ�B%�-�?�
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�ŉCHI3L1EƭȂ-�%ǀǿ1ʪȀ0ʕį�+��ëɂŕ�ğą A9%�Ɏ

Ɔɯ0��AŉƅɦȂ/ɩƞ,�A<11�ə�1CHI3L11ǒĢ�ˋˌȴȰÚE

¤�ŗȽEXQ��g�R A�,Ɠǳ,�A�-�Ȏú�B%%;�ƨơ˄ȅ-

�+ȌȘ AįƔ<ƕňÅƜA�ƅ,�Chitinase inhibitor1îŞ-×ǣ}c�0

��AƓÖŕ0ʬDAČô2ſªɷ;A<1154, 55)�ɍĺɴˊ09,Ȁį�"%Č

ô2ȃǠ,�A�-�?��ŉ2ʙÇ/CHI3L1ʯĤɗ1ƨɭE�¦-�%ċȍģ

ˊ1ɖȕ�ƽ;?BA 
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 ț˘ș� Ȭɽ 

� fibrocyte�ˋˌȴȰǽ0ʬDAƯĻ0)�+ȋȗEɚ(%#1ȬƟ�fibrocyte

0��A SLAMF7- CHI3L1�ˋˌȴȰǽ1Ȁǽæ4ʕɚ0ʹ�+ʡɤ/ŇÑE

ũ(+�A�-EƊ?�0�%�ŉ2Ƅ%/ɱƃy�N�=ǀǿƭȂ-�+1

įʪ�ƕň�BA 
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ʀʍ 

� ȔEȩ�A0�%@�ƙȋȗ0��+Ōŭī�ŌˍʭEʄ@9�%�ʮɛÝȏ

ĖĠƢÀȏĠɿĽŽŰ� ƖƚƁń»Ǳ0Ǎǰ/AŚʀ1řEɝ�9 9%ȩĜ

ŜÇ0ĕĖ/AȆŲ1ŌŭīEʄ@9�%ʮɛÝȏĖĠƢÀȏĠɿĽÕŽ� Ėǘ

ƓȣĞ»Ǳ�ʜʶÝĠģˊʶ� ÎĲʵŅ»Ǳ0Śʀ1řEɝ�9 --<0�ĕ

ı0D%(+�ÕÒ˃�9�%ʮɛÝȏĖĠƢÀȏĠɿĽ�¼ǺŎǱǣĠɿĽ1

ȃ�90ʀřEɝ�9  

 

�   
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Ƕɹ�ɧ 

α-SMA: alpha-smooth muscle actin 

B6: C57BL/6  

BM: bone marrow 

CALR: calreticulin 

CHI3L1: chitinse 3-like 1 

CLs: clodronate liposomes 

DDW: deionized distilled water  

DMEM: Dulbecco's modified eagle medium 

ELISA: Enzyme-linked immunesorbent assay 

Elo: elotuzumab 

ET: essential thrombocytehemia 

FACS: fluorescence activated cell sorting 

HE: hematoxylin-eosin 

IL: interleukin 

JAK2: Janus activating kinase 2 

MF: myelofibrosis 

MM: molecular marker 

MPL: myeloproliferative leukemia 

MPN: myeloproliferative neoplasm 
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PBS: phosphate-buffered saline 

PMF: primary myelofibrosis 

qPCR: quantitive polymerase chain reaction  

Rom: romiplostim 

RPMI: Roswell Park Memorial Institute  

SAP: serum amyloid P 

SLAMF7: signaling lymphocyte activation molecule family 7 

TGF-β: transforming growth factor beta 

TPO: thrombopoietin 
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p 1� :K*+5���}~BYNmbOj�OjkT 

 

variables 

Number of patients (%) 

Healthy 

controls 

(n = 21) 

MPN MF(-) 

(n = 21) 

MPN MF(+) 

(n = 37) 

Age (years), median (range) 41 (30-61) 69 (24-85) 72 (40-86) 

Gender 

     Male 5 (23.8%) 8 (38.1%) 19 (51.4%) 

  Female 16 (76.2%) 13 (61.9%) 18 (48.6%) 

Genetic mutation 

     JAK2 ND 9 (42.9%) 19 (51.4%) 

  CALR ND 2 (9.5%) 7 (18.9%) 

  MPL ND 0 (0.0%) 1 (2.7%) 

  Triple negative ND 10 (47.6%) 10 (27.0%) 

Primary disease 

     PV 

 

9 (42.9%) 14 (37.8%) 

  ET 

 

11 (52.4%) 12 (32.4%) 

  PMF 

 

1 (4.8%) 11 (29.7%) 

Medication 

     Hydroxyurea 

 

7 (33.3%) 8 (21.6%) 

  Anagrelide 

 

0 (0.0%) 1 (2.7%) 

  Ruxolitinib 

 

0 (0.0%) 2 (4.3%) 

  No medication 

 

14 (66.7%) 26 (70.3%) 

Splenomegaly 

     Present 

 

0 (0.0%) 16 (43.2%) 

  Absent �  21 (100.0%) 21 (56.8%) 

 

av: CALR, calreticulin; JAK2, Janus Activating Kinase 2; MF, myelofibrosis; MPL, 

myeloproliferative leukemia; MPN, myeloproliferative neoplasm; ND, not done  
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p 2� 8`.1 /5x=p 

 
-)�   sequence (5'-3') 

CHI3L1 forward GATGTGACGCTCTACGGCAT 

 
reverse TGATGAAAGTCCGGCGACTC 

COL1A1 forward GAGGGCCAAGACGAAGACATC 

 
reverse CAGATCACGTCATCGCACAAC 

COL3A1 forward TTGAAGGAGGATGTTCCCATCT 

 

reverse ACAGACACATATTTGGCATGGTT 

GAPDH forward TCTCTGCTCCTCCTGTTCGAC 

�  reverse AGTTAAAAGCAGCCCTGGTGA 

    /!$� �  sequence (5'-3') 

Chi3l1 forward CCAACACTGAGAGACGCACT 

 
reverse GGCTGGACCTCCTTTGTGAA 

Col1a1 forward GACGCATGGCCAAGAAGACA 

 
reverse CCTCGGGTTTCCACGTCTC 

Col3a1 forward CTGTAACATGGAAACTGGGGAAA 

 

reverse CCATAGCTGAACTGAAAACCACC 

Acta2 forward CCCAGACATCAGGGAGTAATGG 

 
reverse TCTATCGATACTTCAGCGTCA 

Fn1 forward ATGTGGACCCTCCTGATAGT 

 
reverse GCCCAGTGATTTCAGCAAAGG 

Il13rα2 forward ACCGAAATGTTGATAGCGACAG 

 

reverse ACAATGCTCTGACAAATGCGTA 

Ptgdr2 forward CTCAGTCCTGCTGCTTTCAGA 

 
reverse GACTGATCGGGTGTGCTGAT 

Gapdh forward TGGAGAAACCTGCCAAGTATGAT 

�  reverse TTGCTGTTGAAGTCGCAGGA 
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p 3� }~BYNmbOj�OjkT�qVeW 

 

Variables 

Number of patients (%) �  P value 

MPN MF(-) MPN MF(+) 
 Univariate Multivarite 

(n = 21) (n = 31) �  

Age (years); median (range) 65 (24-85) 69 (40-86) 
 

0.361 

 Gender 
   

0.305 

   Male 8 (38.1%) 19 (61.3%) 
  

   Female 13 (61.9%) 12 (38.7%) 
  

 Hemoglobin, g/dL; median (range) 14.1 (11.1-17.8) 12.7 (6.0-18.8) 
 

0.088 
 

Leukocytes, ×109/L; median (range) 8.6 (5.5-17.5) 14.0 (2.8-60.3) 
 

0.09 
 

Platelets, ×109/L; median (range) 57.6 (17.0-130.7) 56.1 (6.5-176.7) 
 

0.888 

 Genetic mutation 

   

0.903 

   JAK2 12 (57.1%) 17 (54.8%) 
  

   CALR 2 (9.5%) 6 (19.4%) 
  

   MPL 0 (0.0%) 1 (3.2%) 
  

   Triple negative 7 (33.3%) 7 (22.6%) 
  

 Primary disease 

   

0.189 

 � PV 9 (42.9%) 12 (38.7%) 
  

 � ET 11 (52.4%) 11 (35.5%) 
  

 � PMF 1 (4.8%) 8 (25.8%) 
   

Medication 

       Hydroxyurea 7 (33.3%) 8 (32.3%) 
 

0.394 

   Anagrelide 0 (0.0%) 1 (3.2%) 
 

1 

   Ruxolitinib 0 (0.0%) 2 (6.5%) 
 

0.52 

   No medication 14 (66.7%) 20 (64.5%) 
 

0.891 

 Splenomegaly 0 (0.0%) 13 (41.9%) 

 

<0.001 <0.001 

LDH, U/L; median (range) 212.7 (149-291) 381.9 (149-1945) 
 

0.046 
 

CRP, mg/dL; median (range) 0.36 (0.3-1.0) 1.37 (0.3-20.1) 
 

0.357 

 CHI3L1, pg/nL; median (range) 30 (4.7-108.3) 71.0 (6.0-187.1) �  0.024 0.04 
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: CALR, calreticulin; CHI3L1, chitinase 3 like 1; JAK2, Janus activating kinase 2; 

MF, myelofibrosis; MPL, myeloproliferative leukemia; MPN, myeloproliferative 

neoplasm 

 

Fisher Mann-Whitney 

	 

 

MPN without MF MPN with MF

LDH CHI3L1 3 	 P 0.05

 (P < 0.001)

CHI3L1 (P = 0.040) 	 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 48 

4 Chi3l1
MF grade  

 

MF grade 

Number of patients 

Day15** 
 

Day22* 

WT KO 
 

WT KO 

(n = 15) (n = 15) �  (n = 4) (n = 6) 

MF-0 0 2 
 

0 1 

MF-1 0 8 
 

0 4 

MF-2 14 5 
 

4 1 

MF-3 1 0 �  0 0 

 

: KO, knock out; MF, myelofibrosis; WT, wild type 

 

MF grade Mann-Whitney 	*P < 0.05 **P < 0.01	 
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1

CD14+ CD66b 	SLAMF7 CD16

MPN  (Patient with MF) 	SLAMF7high CD16  
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a   b 

 

 

2  SLAMF7high CD16 (a) 

 (n = 21) 	MPN without MF (n = 21) 	 MPN with MF (n = 37) 

SLAMF7high CD16  MPN without MF

	MPN with MF SLAMF7high CD16  

(b) MPN  (JAK2V617F	CALR� MPL 

+ triple negative) CALR  (n = 9) MPL+ triple 

negative  (n = 21) 	JAK2V617F  (n = 28) SLAMF7high 

CD16  *P < 0.05	**P < 0.01  
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3  JAK2V617F (a) 

SLAMF7high CD16  JAK2V617F

SLAMF7high CD16  

	JAK2

*P < 0.05	**P < 0.01 (b)JAK2V617F MPN 	

SLAMF7high CD16  2 ROC

SLAMF7high CD16  25% AUC 0.901

	 	 79.0 	77.8

 

: ROC, receiver operating characteristic 
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{ 4�  SLAMF7high CD16� qº� JAK2 allele burden �Åô�(a) ¤«ÞY�

SLAMF7high CD16� qºmv�¤«ÞqªºY� JAK2 allele burden�ó��®�

Åô�ä"%(� (r = 0.531, P = 0.0037)�(b) SLAMF7high CD16� qº� fibrocytes

Y� JAK2 allele burden�ó��®�Åô�ä"%(� (r = 0.631, P = 0.0003)� 

¾æ: PB, peripheral blood 
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a  

 

b c  

     
5  SLAMF7high CD16  SLAMF7low CD16   

(a) (b) JAK2V617F allele 

burden SLAMF7high CD16  allele burden SLAMF7low CD16

(c) SLAMF7high CD16  

SLAMF7low CD16  SLAMF7low CD16

SLAMF7high CD16  fibrocytes *P < 0.05	

**P < 0.01  
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 a  b 

 
6 (a) fibrocyte RNA

fibrocyte 1

	CHI3L1 (b) fibrocyte CHI3L1

Hashimoto 2015 	

fibrocyte CHI3L1 	

fibrocyte CHI3L1  
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7 fibrocyte CHI3L1 (a) fibrocyte

fibrocyte (b) real-time PCR

fibrocyte CHI3L1 mRNA CHI3L1

RNA GAPDH (c) 

ELISA fibrocyte CHI3L1 fibrocyte

mRNA 	 CHI3L1

*P < 0.05	**P < 0.01  
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8 CHI3L1 (a) PV	ET	PMF

	pre-PMF PMF

(b) grade 	 CHI3L1

*P < 0.05	**P < 0.01  

: ET, essential thrombocythemia; MF, myelofibrosis; PMF, primary myelofibrosis; 

PV, policythemia vera 
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9 CHI3L1 2 ROC

CHI3L1 34.4 ng/µl AUC 0.724 	

	 63.6 	76.2  
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a 

 

10 TPO 	 	

Chi3l1 (a) Rom

(b) 

Chi3l1 Rom 2 	 3

Chi3l1 (c) real-time PCR

Chi3l1 mRNA Rom

Chi3l1 mRNA (d) real-time PCR

Chi3l1 mRNA Rom

Gapdh *P < 0.05	**P < 0.01  
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� a� � � � � � � � � � � � � � � � � � �  b 

�  

{ 11 �  TPO t�_`oÝ�$'ýþÐÎÂNAPM/;�`��

Clodroliposome (CLs) �$'qºõs�(a) Rom	$� CLs��W;6:OTP

�ýþÐÎÂNAPM/;��Øý�ËÑf�CLs �WÓ��ñï¨Ú��%


�ÊÏÐÎ�´�*ä"��(b) real-time PCR ²�$'ýþÊÖY� Chi3l1 

mRNA�Ã¹�î�Rom + CLsÓ�	���7SBRTPÓ�wÇ��ýþY

� Chi3l1� mRNA�^V���j|�7SBRTP��� Gapdh*a¼���

**P < 0.01� 
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12 Chi3l1

 (a)	  (b)	  (c)
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13 Chi3l1

(a,b)  (a) 	  (b) 

(c,d) α-SMA (α-smooth 

muscle actin)  (c) 	  (d) 

α-SMA  
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14 Chi3l1

mRNA Col1a1 (a) 	Col3a1 (b) 	Acta2 (c) 	Fn1 (d) 	Il13ra2(e) 	

Ptgdr2 (f) 	real time PCR

Col3a1 Acta2 Rom

Col1a1	Fn1	Il13rα2	Ptgdr2
Gapdh *P < 0.05  

: KO, knock out; WT, wild type 
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a 

 

b c  

 
15 fibrocyte HS-5

(a) fibrocyte  (Day6	Day9	Day12 3 )

Fibroblast HS-5 48h 	RT-PCR COL1A1	

COL3A1 (b,c) Day 6 Day 9 HS-5

Day 12 HS-5 COL1A1 COL3A1

	CHI3L1 Day 12 HS-5

day 6 HS-5

Gapdh *P < 0.05  
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