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[#ZE1 B#H 5 T K-alpha-2b (IFN-a2b) Xt 15 14 54 ¥ Wi (MPN) J % JAK2 #E . 35 4 1L -2
(COX-2) B i 4 % B2 f s e S N 20 A I HEL 4 & o JAK2V617F 5 COX-2 Z MR R, Hik  WHEER
FE T — B B2 IR IR YT 17 42 B JAK2V617F 2848 ) MPN 35, Ho 17 f) 8 % 08 TFN-a2b J8 7 41 (45 T
IFN-o2b LA SHA YT 2 25 G WIA L CRATIAYT) » I3 LRI 10 B4R K 1 S g5 1 1l /0N Al 0 20 1 28 8 (TTP) |8 3
PR3 BR . SR FH S 26 0t B R A i 8% I W (qRT-PCRO £ 9 MPN % JAK2V617F/JAK2 2848 &, 40 1% 41 b A6
I MPN 835 F1 ITP &5 B 86 #4141 p-JAK2,COX-2 J¢ CDI105 bR ic i il 3 25 B (MVD) , F AN [R] ¥ B TFN-
o2b fEHI T HEL 40 i 5, CCK-8 Aar i) 4 Jifd 38 58 410 i) 3 , U0 =2 200 M AR A6 I 9 72 2%, Transwell /)N 25 K5 0 48 Jifd 1T 8 fig
3,2 7 PCR # 3l HEL 40 ffirh JAK2,COX-2 mRNA 357K, Western blot #&ll p-JAK2,COX-2 % 13 35K
o, R OWNAHEFE pJAK2,COX-2 £EKFE K MVD & T Xt B4, IFN-a2b {897 J5 i # pJAK2,COX-2 &
MVD B KWL, AN & IEN-o2b 4 HEL 4 i 48 b, 20 [ 3 78 0 5] 22 Fi1 248 it 8 1 2 Jf 150 32 3 0 7 7 -
T JAK2 J COX-2 mRNA } p-JAK2,COX-2 25 [ 7% ik Fifi 1L 7] £ 14 i 2% o o6 A0 . &40 J 5k B 52 3 45 SR & B A
0.5X10" U/L IFN-o2b Zb B HEL 40 24 h,iF 8 & F % 5 40 8% T % 41 (P<<0. 05) . i IFN-a2b st i
¥ TAK2 {5538 B COX-2 Jx MPN 35 1 & B4 .
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[ Abstract]  Objective To investigate the influence of interferon-alpha-2b (IFN-a2b) with JAK2 kinase, COX-
2 and microvessel density in patients of MPN and the relation of JAK2V617F and COX-2 in human erythroleukemia
cell line (HEL) cells. Methods Forty-two cases of MPN patients with JAK2V617F mutation of initial treatment
were collected from the Frist hospital of Baoding,including the IFN-a2b treatment group with 17 cases and untreated
group with 25 cases. 10 cases of idiopathic immune thrombocytopenic purpura (ITP) patients synchronization were
enrolled as controls. JAK2V617F/JAK2 mutation burden of MPN patients was detected by real time PCR (qRT-
PCR); the expression levels of p-JAK2, COX-2 and microvascular density ( MVD) marked with CD105
inpathological tissues of bone marrow in patients of MPN and ITP were detected by immunohistochemistry. The
HEL cells were treated with different concentrations of IFN-a2b. The cell proliferation inhibition rate was calculated
by CCK-8 test; the apoptosis rate was detected by flow cytometry; cell migration ability was tested by transwell
chambers. JAK2 and COX-2 mRNA were detected by semi-quantitative PCR; p-JAK2 and COX-2 protein in HEL
cells were detected by Western blotting. Results The expression levels of p-JAK2, COX-2 protein and MVD in
untreated group were significantly higher than those of control groups. p-JAK2, COX-2 and MVD levels were
significantly reduced in patients treated with IFN-a2b. Cell growth inhibition rates and apoptosis rates raise up by
dose of IFN-o2b in HEL cells at 48 h. The mRNA expression levels of JAK2 and COX-2 as well as protein
expression levels of p-JAK2 and COX-2 had a decreasing tendency with the increase of IFN-a2b concentration at
48 h. The migration capacity level of HEL cells which treated with 0. 5X 10" U/L IFN-a2b after 24 h was lower than
that of control group. Conclusion Angiogenesis of MPN and COX-2 were inhibited by IFN-o2b which regulates
JAK2 signal pathway.
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4= K A -F (vascular endothelial growth factor,
VEGEF) . 3 & AL -2 (cyclooxygenase-2, COX-2) 4§
YERR - B2 40 M 3 58 L0 7% L 78 5 A I 48 B Al B
BT B M MY S 2R SR R K i
VR ) B B IR K G RS L O 5 WS A VIR G
WF5E 22 B, B &6 1 5 4 Bb 98 (myeloproli ferative
neoplasm, MPN) (8 & Al B8 £7 7£ JAKZ M i 58 42
B JAK2V617F i 5878 22 3 B JAK2-STATS {5
530 PR B RS S AL S S A B A . RS R
1 MPN 3 o0 #1045 %% 8 (microvessel density,
MVD) B & & T 1E % AP~%, F # Z-alpha-2b
(interferon-alpha-2b, IFN-a2b) /£ A 40 g K+ . B A
Iz A F R BRI T AR e . BF
58 W 7~ IFN-a2b ® W] 2 3 & MPN i #
JAK2V61T7E 5 D%, FF 75 2 F A [A) 28 80 MPN i R
IR OL SRR S G

A S8 5 58 IFN-a2b %t JAK2V617F 2878
fly MPN (% 1 JAK2V617F % 48 B N Z0 1 19
MR HEL 4 s JAK2 3l . COX-2 Db K i 48 57
ARSI, ) A T T TFEN-a2b 100 i) 1 45 5 A 18
B, ST i 8 B AR IR T MPN S 4R AR 4

1 MBFFE

1.1 &

W 2012 4F 1 % 2014 4F 10 H fEfRE 1T 46
—BEBE 112 8UE B 2 7 B PCR A & A
JAK2V617F 278 i) MPN # 3% 42 {1, 12 Wi ¥ 4%
A LR 12 W7 BT sbn e Hep 18 i), 4 24
B AR 32~75 & P LAY 57 & Hod g kPR
AN Z2 9 (ET) 17 5], B PR 21 40 i 3% 22 9% (PV) 10
Bl o B % 1 2T 4 fk (PMF) 15 ] ; 42 5] MPN £
A b BROIBORE B 8] 43O B3R 41 CRAT IR T ) 25 1,
IFN-a2b G741 17 B 5 5 B 10 % & o 1/ Al
U /b P 25 98 (idiopathic immune thrombocytopenic
purpura, I'TP) & & 1E A X B4, Hf 5 5 i, & 5
i, AU 27 ~65 % PR (A0 %, T A XL
B2 BN R B
1.2 HEAXRE

Xif B K A0 36 4 35 A 12 Wi B i B0 VR A
BELHLUHATIE A . IFN-a2b AT A MPN 3%

Myeloproliferative neoplasm

Microvascular density HEL cell line

¥i4: 52 TFN-o2b (5 4% R 40 M 55 5 TFN-o2b [R] ]
FEAFH GO KT 8L A 5 AR 300 X 10" U,
3~T W/ JH RIT 6~8 J1 J5 il U B W S i B A1 41
AT A . HBAEE Y B EA: .
1.3 ZHREZR

HEL 21 M0 1 F IRk 2 8 200 1 2 AR S 40 i 52
R oE 6 4. & 102 8 A 4 IV (FBS) 11
RPMI1640 ¥ & KL 85 3% 16 37 “C KB 8 h
5% 11 CO, 1 FNE A SR 5%
1.4 RXFIFN{LEE

IFN-a2b W H W 25 £ L A TR A R A 7] Gitt
52013091 1) ,fdf HI i v T R £h 22 v il (PBS) rp i
W 10X 100 U/L, i T —20 CHEAF. p-JAK2 %
PLNZ SRS (phospho-Y211) \COX-2 fe it A £
FEREPUIA K HRP dRic i Fdi e 1eG ikl B 5
Santa Cruz 2\ 7] ; Elivision plus i 5] & .DAB
3] .CD105 JspEHTIR I | h A2 & A v . CCK-
8 W [ H A [l Ak 2 A 58 7 5 1 5 R 41 DNA $2 B
R & B b e AR AR A R A FL 51 B
Jbat T H &N T 4 i ; TagMan Gene Expression
MasterMix 1 H ABI A H] .
1.5 XWHE
1.5.1 RBAZKMKFEEENBEFFHRALF p-
JAK2.COX-2 # % ik #»+ MVD H{ MPN J¢ ITP
HHBEAL W SRAT 4 pm Y)W MR AL 6
A9 5 Hi Elivision plus i85 £ 6 W 5 #4782 4% .
I —3t p-JAK2 ,COX-2,CD105 CT. /5 B 43 51
1:50,1:100,1: 500), COX-2 fH % &N T
I3 . p-JAK2 B 6 A7 T 5 sl i A% B
F Ik BAF O SRR AR, TR R AT LT (/
HP) X 35 ( XX400) B4 48 g He 451) J2 MVD,
1.5.2 %8 3% k2% PCR(qRT-PCR) # # MPN
% F JAK2VEI7F ® £ & 45k 4E 42 ) MPN i
FH LB BEM 4 mL L 100 U/mL W FEHiEE.
FH DNA $ B 5] & 42 BObR A 1) 2k [ 41 DNA,
DNA & ¥ J¥ Jy 50 ~ 100 ng/pl, — 20 C £ 17,
qRT-PCR J i CALFE R R ) ik R 3k 25 pl, &
MR 50 °C 2 min, 95 °C 10 min, 1 fE¥;95 C
15 5,60 C 1 min,40 F R, [5) B 35 45 1 & F1 28 1
XTRE . AR AR UE ST JAK2 i JAK2V61T7F (44
P ¥ UL B, i1 45 JAK2V617F/JAK2 e fH (R
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B2, IFN-o2b Xt JAK2V617F 28748 (1) B %
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JAK2V617F &7 3%), PCR 5|19 5 R E W T .
JAK2 F51%:5-CAG CAA GTA TGA TGA
GCA AGC TTT-3". FiiF51#:5-TGA ACC AGA
ATA TTC TCG TCT CCAC-3'; 5 4. 5 -FAM-
TCA CAA GCA TTT GGT TTT-MGB-3',
JAK2V617F FiEal #:5-CCA GAA TAT TCT
CGT CTC CAC TGA A-3',

1.5.3 CCK-8 k4l gm o 3g g5 374 4% IFN-o2b
FH PBS % w43 B VR e | LM R 0. 5X 10" U/L,
110" U/L.3X10* U/L.5X 10" U/L, ¥ HEL 41
fldefl 45 10% FBS fy RPMI1640 85 3% . 40 i
WS 2X10° mL 'L oo 4 AL B 3 fL 2l
AR e BE ) TFN-a2b, Ab B 24 48,72 h, [A] B B384
BH T BEZH S 28 (% BRZE 5 7 96 FLAR h 42 ik $1 4y
) 4 2 (R FL 100 L) AL 24 5 000 A2 i L 45
AUSEBE 3 AL BFLIMA 10 uL CCK-8 k. 7F
MM RE SR AR N AR L T 2 h 5 43 i T AR A
450 nmAb G (A) . R 4E T AR 41 HEL 41
I 5 400 ) 5 22 o 396 A1 o] it 2k

1.5.4 AXwmpiem o A= % 1.5.3 044
FRANM 48 h J& AR 45 AL FRAT HEL 40l , 45 41 40 i
1X10° 4>, PBS $E% 2 ¥, B0 5 min, 38 B A
1 mL WA R EOCN 70 % 1) LB 4 C b B,
g+ B, PBS ¥R 2 U A 1 mL DNA Jli 42 28 o
W L DNA, %= & # % 30 min; & 0 5% 1.
50 pg/mL RnaseA 1 mL. B4 )5 37 ‘C/K¥30 min;
BELF B MA 0.1 g/mL W4k N BE (propidium
iodide, PD) YL %5 » YR 2738 5% 30 min, FHLEM

1.5.5 Transwell )% £ 4 53 5 &40 % FE
2 5X10° mL "5 BTG MV 4 M A v 100 L fim A
Transwell /NE b %, SC8 40 A 0.5 X 10" U/L
IFN-a2b, Xf B 41 A il IFN-a2b, F & 1A & 10%
FBS () RPMI1640 #5573 ,24 h J5 B flUss T LT
BETFZMAMEOrCH.

1.5.6 ¥ % PCR % JAK2 # COX-2 mRNA
AR FE 1.5 3 - AL ERANME 48 h 5, A A 4l
HEL 4fi fifg, PBS ¥ Ut 3 W 8.0 # b, $2 BUR
RNA, HLUK%E RNA I & i 4% 5k 6 i cDNA,
PCR & i 44 :50 °C 2 min, 95 °C 10 min .1 4
PEH ;95 °C 15 5,60 °C 1 min, 40 NMER, H2 M
Xf e, PCR 25005 #E47 B g BE LK . DL 4 4500
5 Bractin (AR RS L EH WA Rk E., 519
JPAIILE 1,

% 1 JAK2.COX-2 F B-actin 5| 1 5 51
Table 1 The primer sequence of JAK2,COX-2 and B-actin

Primer Sequence l:rzi(}ilpl

JAK-2 F:5-CAGCAAGTATGATGAGCAAGCTTT-3' 101
R:5-TGAACCAGAATATTCTCGTCTCCAC-3'

COX-2 F:5-“TCACAGGCTTCCATTGACCAG-3' 198
R:5-CCGAGGCTTTTCTACCAGA-3’

B-actin F:5-CTGGCACCACACCTTCTACAAT-3' 382

R:5-AATGTCACGCACGATTTCCCGC-3'

1.5.7 Western blot #&n| p-JAK2 #= COX-2 & &
MR H 153 - AIALFRANAE 48 h JF SR HUA ]
AbPEZH 20 M S L AT Western blot, —41 K
A pJAK2 5 COX-2 fghit N Z e BEdi ik, #47 i
§ B 5 SO BE AR 4 A B HE AR K B AL 43
A p-JAK2,COX-2 5 Bractin £ [ 4571 JK FE B 1)
VAR AR Sy X 7 48 1 4% ARG R 2
1.6 SitZEHE

22 21 18] BTG 8 R Y 7 22 40 B« A 18] 1 1L A
e ¢ K s ¢ ki g% .a=0. 05,

2 #HR

2.1 p-JAK2.COX-2 R MVD E&AEETHAR
B R IK

p-JAK2.COX-2 7E W) iH 4 i & R 38 K79 51
F1(82.41411.65) % . (65. 66420, 15) % , &5 T X I
R (43, 05+4.59) %, (28. 69 +3.75) %I K&
IFN-a2b JA97 41 & kK060, 93+£20.57) %,
(44.30+12.83) %I (P<C 0.05), WA K MVD
(26, 58 +£5. 93), IFN-o2b J4J7 240y (15. 86 +
4.27) 98 F 4 IR 4 (10. 76 £4. 01) (P<C0. 05),
WLE 1,
2.2 JAK2V617F RE £ 5 p-JAK2,COX-2,MVD

MPN % JAK2V617F 5848 % AfE 26. 8% ~
7540 Z W, )R 4 g A R Ol (46, 17 £
19.32) %0 . i 1 IFN-a2b /97 41 10 28 48 R (22, 69 £
12.64) % (P<<0.05), IFN-o2b JBIF4lH 4 2 4
B JAK2V61TF 5855 [k .

PLJAK2V617F/JAK2 FAE 50% Ry S ¥ 42
% MPN 8 2% 43 g W 41, v <<50% 41 26 fi], =
50% 40 16 fi, fH % 2 A WL, JAK2V617F/JAK2 <<
50% 1y B F MVD, p-JAK2, COX-2 i % ik ik T
JAK2V617F/JAK2>=>50% #H (P<0.05),
2.3 IFN-o2b X} HEL 2 B 18 58 #) % &= 9 80

H 2 A] UL, O TR B2 TFN-a2b /R ] HEL 4
JL 24 hopy 4 i 39 A 4 R 2% S RS i AR A L (P>
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1 REAAKZLEERD p-JAK2.COX-2 FikKFEF MVD, Elivision X100
Fig 1 The expression level of JAK2, COX-2 and MVD detected by immunohistochemistry. Elivision X100
A Control group; B: Untreated group; C: Treatment group; 1: p-JAK2; 2. COX-2; 3:MVD

%2 A[E JAK2V617F 3RE K FH) MVD,p-JAK2,COX-2 Kik
Table 2 Expression level of p-JAK2, COX-2 and MVD at different
JAK2V617F mutations levels

JAKZVOITE/ oo MVD/Hp~!  pJAK2/%  COX-2/%
TAK?2
—50% 26 19.1645.34 65.15417.50 44.72+18.41
=50% 16 34.1976.57% 89.76--20.56% 69,3125, 46+

% P<C0. 05, vs. JAK2V617F/JAK2<C50%

0.05), fEF 48 h K 72 h. 4 [a] B4 5 1 K 22 5 45 42
T L(P<<0.05) , H.[A] I 5 4 (48 h 8 72 h B
IFN-a2b # B2 (34 hn, HEL 41 4 ) 2% 2 FH s
2.4 ZHERET

ANTE He BE (0, 0. 5 X 10" U/L.1 X 10" U/L,
3X10* U/L.5X10" U/L)IFN-2b f£ 1 F HEL 41
il 48 h J5, HEL 40 g 94 1= % 43 5 i (0. 51 &=
0.05) % .(1.76+0.25) % .(2.5140.39) % . (15. 02
+1.29) %, (20. 71 2. 54) %, tn & 3 fF 7~ : IFN-
«2b AT AP HEL 40 i A, H HEL 40 5 1%
Bifi %5 TEN-o2b ¥ B i 38 i 28 7 7 vs (P<<0. 05)

90F
8O
70F = 1X10°U/L
60F
S0F
40F
30F
20¢
10+
0

——0.5X10'U/L

AT 310" UL
—_—
5%10" U/L

Inhibibition rate/%

0 24 48 72
t'h

2 IFN-a2b Xt HEL £ B 3 58 0 1 22 A9 % iy
Fig 2 The inhibition rate of HEL cell treated with IFN-a2b

2.5 1IFN-o2b ¥t HEL 20 BT # B9 22 1

FH 201 384 B 410 o) 3 S 50 45 SR AT UL IRk B TEN-
«2b fEHF HEL 41 J5 24 h X HEL 40 g T 9] &
B FE AN HIAE L FRATT L AT 0. 52X 10" U/L IFN-a2b
Ab¥E HEL 2400 24 h 5, BB TR B E T =
i i £ (52. 937 5K T XF I 4 (77.39+£6. 14,
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B 3 48 h B IFN-02b Xt HEL 28 f 3 1= % 59 2 0
Fig 3 The apoptosis rate of HEL cells treated with IFN-a2b at 48 h

A: 0U/L; B: 0.5X10* U/L; C: 1X10* U/L; D: 3X10* U/L; E:
P<C0.05),
2.6 IFN-o2b 3f HEL ZH 1 JAK2,COX-2 mRNA

% p-JAK2.COX-2 EERIEHZ M

2 E R PCR K B oR (8 4) : IFN-o2b fEH T
HEL /g 48 h J&, %F B8 41 F1 K [6) ¥k 3 1) TFN-a2b
(0.5X10" U/L.1X 10" U/L,3 X 10" U/L.5 X
10" U/L) AL ¥R 2H HEL 4l JAK2 mRNA FKik K
S35 4 (1. 35440.099) L (1. 27140, 103) . (0. 857
+0.091), (0. 443 + 0. 212), (0. 232+ 0. 176),
COX-2 mRNA ik KF 535 (1. 552 £0. 122) |
(1. 424 £ 0. 193), (0. 912 &= 0. 075), (0. 343 =&
0.022).,(0.109%0.016), Western blot £ ] & 7=
(K 5):IFN-o2b /E T HEL 4 i 48 h J5 , X} FE 20
AR M B TFN-02b (0. 5 X 10" U/L.1X 10" U/L,
3X 10" U/L,5X10" U/L) &b B4 HEL 408 p-
JAK2 i 1 3 38 K F 43 5l 2 (2. 504 4 0. 256)
(2.551 & 0.219), (1. 857 = 0. 159). (1. 032 =+
0.127),€0.703+0.076), COX-2 % 5K F4r
A (1. 24140.109), (1. 301 0. 153), (0. 809+
0.063),(0.351£0.045), (0. 139£0.022) , A~ [d] #&

p-JAK2

COX-2

B-actin

A B C D E

& 4 IFN-02b /£ A HEL Z0/8 48 h J§ JAK2 .COX-2 mRNA B R %
Fig 4 The mRNA expression levels of JAK2 and COX-2 in HEL cells
treated with IFN-a2b at 48 h
A: Control group; B: 0.5 X 10* U/L;
3X10* U/L; E: 5X10* U/L

C. 1X10* U/L; D

5X10* U/L

JEIFEN-a2bsb ¥ HEL 41l & 48 h J5 JAK2.COX-2
mRNA J p-JAK2,COX-2 & [ % i5 3 B A% . I Fifi
TFN-o2b B 2 38 i i k47 1 A

- ﬁn-mm
s
i

- “‘y-—-* COX-2

F-’ pactin

Bl 5 IFN-02b 3t HEL 40/ p-JAK2. COX-2 EERIEMNH M
Fig 5 The protein expression levels of p-JAK2 and COX-2 in HEL
cells treated with IFN-a2b after 48 h

A: Control group; B: 0. 5X 10" U/L; C:. 1X10* U/L; D

3X10* U/L; E. 5X10* U/L
3 itig

JAK2V617F %78 & BCR-ABL [ & 88 3% 74
PRI b B R OO ARG A R AR Z~,u9€ S 58
JAK2-STATS {5 % i@ f S % 1% /5%, JAK2-

STATS {558 i 5 R ry 36 T R8T %
T M %85 3 A 8 VAR 56000 i A 5 2k S 35 7E JRUA 1M
IR B TR ORI T AN N . A A I YR
TE N0 Z2 Bl 5L g w77 i A8 3 2 S Ay 8
i gea i ) — T EE AR AR L IR AE TR R
G WA R ) K R R R R TR VI G . FEWTIA
AML B 55 MVD 2 IE% AW 2 5. S5 k2

WEFT L R B G A R R B R MVD B
'ﬁm%ﬁm\“ “, WA VEGE J H A2 ik
%35, MVD % JAK2V617F o 75 e 1y B8 i T
ke COX-2 M —Fhis 5 R i 78 22 Fh % 1l
RGP h ks e JAK2 {55 76tk g 9815
8 COX-2 £3M, COX-2 B4 WM TR O Hl ik
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ik 96 &40 i 25 B B0 o) R i L T © 5 VEGFE By
(] A1 32 b e A I T 1 s @ 5 4k T 2 P -2k
) 412 05 b e 8 BRF 0 A% RS ITP & & A A7
JAK2V617F %45, H HR P AH L p-JAK2,COX-
2 J¢ MVD 7K 5 1E % A AH R 04 IR 52 56 b 3%
fiTd W OITP & # 4 b X M A, & 4 47 75
JAK2V617F %8 45 ) MPN B % 5 #6540 40 vh, p-
JAK2,COX-2 & MVD 1y 2 ik ¥ & T 4F B4,
JAK2V617F/ JAK2<<50% 1y ##% p-JAK2,COX-2
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