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V8 IR ( Kaposi's sarcoma, KS) f&—FpZE 0l
AR PN B 200 2% ARt 2 T R 1 e DL % S i A
SSEPER 22— KS 2 R UV AR DI 2
Ji #¢ ( Kaposi’ s sarcoma-associated herpesvirus,
KSHV) , ¥4 NF59392 9 #-8 (human herpesvirus-8,
HHV-8) 312 A9, HHV-8 kT KS 4141 b i
FRFVE 22 Wik e B, o 2 38 T80 SR e 1) A 2 4K
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DX, 10 5 [ FNAL R AR U A T 3R R B, (EAL #7428 14
A, KSHY JEH L K15 HE[H %ifh K15 &
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endothelial growth factor, VEGF ) FI{ig % V£ 40 it [+
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DI R 48 il ( cyclooxygenase, COX) -2, 1 41 I/~ &
(interleukin,IL)-6 IL-8 Z#afk A 7y &k, H
I KS (Il R IG5 A3 1 i B By kA, 115 5 IR R
1 KIS AT HERCA ARRMFFE R AL, 1300k K15 8]
FI VR FH AL AT 53 2 JR il — 23R .
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1.1 KS 5 A9 LA A A, SR AT S 71 240 i i 7%

S KS W E ZR PR, KS A8 R (B HU) 2
vh LI A RE A | D LT A0 B AN B AR R 4L 87
A K i PR BE R B R URUE LS £L ML, R
A RN AN B AN ) SRR, P R
R N R A0 B S AR T AR A R 22 1
IFTEME LR E T
1.2 KSHV HAEG#HF5™ W, AL KS i KSHY
JRYL G AR PR BV (body cavity-based lympho-
ma,BCBL) J& & 5 H PRk R ( primary effusion
lymphoma , PEL) F1 2 .0 P 450 4+ A% ( multicentric
castleman’s disease, MCD) 85 H:A5 3¢, KSHV #7F
TEA KSR MBI PEL 40/l MCD H 81
JAIF B 4, I 5 LA AR 8 A7 e 3 Ak A
FIRZ MR, KSHV J1A WA A= i o A8, B RS AR
WA gt 2 ) Hoh KSHY 24 & A F) T KS
) e o AE KS FH A AR ORI N Bz 200 i
KSHV &[R35 1 75 46 3R TR 500 1,
Xt R 19 A A6 A R 9 I A R L
1.3 KI5 EES5ZEA KI5 SEHEA RSN
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B, 263k KSHV ik DA 21 (A A i ) X e A S ) — >
B B S A 1, B K1 R

K15 A& 2 12 5 R A5
1 MR IEA S IG5 K, A T8 RS (R 5
AR, A 2 A SH2 S5 1 A I 2 B 1Y
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(AP-1) FIiffk T 40 e #% N (NFAT) , it — 2
WA 73 2405 A6 2 O ( MAPK) i 42 A% 1
kB (nuclear factor kappa B, NF-kB) DA} c-Jun 2 F&
R St (INK) {5538 %

2 K15 EH/ERANF

2.1 FEMmMEHE KS RURENFIEZ —2A
SER A AR i, HHV-8 ) 4 JB e F v AR SR e
St R v K15 & 288 1 TS VEGE {5518
i, B A5 A R G 2R A AE G BE IX ) ( down syndrome
critical region, DSCR)-1 il COX-2, M1 #4155 £ Fh &
SiE AL A B R0 3 O A B AN T ik
¥ PR KSHY 4 Y K15 25 i i 38 55 PLCyl
DL s S TR R AL , HE SLITE VEGF {5501 T i,
fih % NFAT i B A1 F 3% DSCR-1 #9 R #7401, 3438
KSHV gk i I AR P K 40 B 1% 1785 A A e
AN—TJ5 T, K15 A5 505 538 B8 4 W 4
JHL PRl 1 4R 4 A AR 5, i TL-6, CCL2 |, CXCL3 Al
CXCL8 , X B4 fifg K - #F O B UE 52 5 KS & i HL il
A, BA Rk A A R
2.2 BMEREMINE 58Il & RAE RN 4
M RE AN [ 0 40 9k 28 4 | s 240 R
ARG R MR IR KS F (BEs ) &4k W £
B HZE HIV B 5 Az LA 9 28 1 40 L DXL (
T2 (interferon, IFN) -y ) B ¥ UE L REWS 1A SN S
KSHV ¥ fiff-FH-17% A6 R PN Bz 200 B 3% 1k, R ot 3832 0 i
B B R A T A F T KS AR,
2.2.1 NF-kB{Z5iB% 08 %E NF-xB & —FfZ
SCPEDREVE R A S N 7l R A R AR
PR RSN i 1) 2235 5 5 A RIS 59 oAk s30T
HNE LA S I e A S AR it A . W FLEh I Y NF-kB
K 5 AR R, pS0 Fl p52 (1 28) . p65/Re-
IA (c-Rel #ll RelB ( I128), p50 i p52 535l h p105
H1 pl00 2885 (/K e n T )5 7=z, i R Z2 50 4n iy
HH) NF-kB [H 73 3 J& p50/p65 St B4R
i B AN R R F «B ] 25 1 (inhibitor of NF-
kB, IkB) AEAEBH I NF-«B #F A%, i) NF-xB #4715
JE A5 kB B AR BERR 1L, L & - A
IR P R, 20 B3R 423 H 15 5 pS0-p65
TR TIkB i BAEAE PR ORI, B ARGE AR I
i p52-RelB — F R 7E 40 A% b (AL R NF-«B
75 TP (NF-xB inducing kinase , NIK) 7] 55 p100

VAR T Ak K ik, i LR B pS2 I L A LA .
DRI, INTK F0 55 2 30T 1230 6 0 G b 07 I
HEMLT  NF-kB 55 NIK f£ 38R K. LARTHY
W R K15 AT R — a2z A H
HA IR YRR NF-«B 157, H 57 NIK /9
KGR FE NF-«B 0 i 3l B3G9/, vl g
BT KSHV BE 4 il b NF-xB A5 19 41 fifg
RIEFER A F L, NF-B @A B g A 7 HAb s
BES TR PE RAE M S R AR, B HHV 4 75 AR 5
£ M (latent membrane protent, LMP) 1 Ll NIK 4K A%
77 2% NF-kB i 1

2.2.2 #¥EEAREKE KIS HATE KSHV
FRIBRYL 1 B 41 REAE S0 20K i PR 9 23k, T
Ji 4 J& 5 H B ( matrix metalloproteinase, MMP ) -1 |
MMP-3 fil COX-2, Ht COX-2 & KSHV YL JF AL
DA B2 A s 35 S (R R A T ) RAE A B 2 —, K15 3l
it FIE COX-2 MFRIB T i 5 PE 20 A A+ | a fb
TR K E T W, A5 R
%LG. 10, 18] R
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2.3.1 TiEAB@iexHRIZS KSHV 5 EB JiEE[A
J& v R B WAL, — & DNA 734 = B [ R
P S HAWRZ RS R, KSHV 24 B 400
s AR AR WK CD8
K15 B 5 45 s 2 1 45 S R 7E Y™ EEV B4
YU S A B R AL, AT A B 40 AZ 44K ( BCR)
T T R P S Bl R AZ G B AR T,
FERIREE TR, A 223 & B EB i 7 56 K 4 4
T EE 1 LMP2A RESEAEREICIZ B 40 i v AR 30
BCR 1) R #5401 (1 Lyn) AEf% 8 3 SH2 454 1
TR R 1k 9 LMP2A YEEA #54&®) Jfii LMP2A
ALY Lyn 364%, R LMP2A 2 Kbt 2 AR 751k
FE AL R B ol BTG MAPK 38 48 A 5% S
R AN A BN AR A R R B 0
BR/INER T, K15 5T X4 il BCR U i 8 22 R 1l 1R
1k, FEMIBA B Ca®* Wi, K15 A MM
LMP2A 25 {60, A it AT i % 37 5 26 4[] 1 15 %5
B

2.3.2 #HmAAT  HSI AHEEMA X-1(HSI-asso-
ciated protein X-1, HAX-1) J& — P35 Y i) 41 ffg ] T
PEA, A ST ML B 40 i ik e R (B-
cell lymphoma, Bel) -2 gmt 8 [ [R)UR 1) 45 49 58, — &
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A ATER B B R R — 3R AR, — 35 mT LAFE AR I A%
[ 2R A BT JA T2 11 Bax W50 4H ML IR T,
WA PR LS & A SR aE s i T g
K15 IS HAX-1 AHEAER, 0 7] LU R 2 F
PR T- R 0 2635, U0 420, Bel-2A1 , KRR T 40
WUBETE et M AERe T A B T KSHV S84 41
J AR s ]

Bel-2 [RJJRFER BHRF1 A1 BALF1 7T EB 5 %%
BYGBRBIN mRL BRI Y5 LMP2A DAk
FEGURT-AE Y LA K15 2 [ o] fE i i
HEMBUETEA AT, X PSR AL g T
(EREZ LGN R
2.3.3 fHFRFHRDE  HRET NF-«B S 54k
FR sE e ORI, o 10 00 25 24 VR T, K15 4R
A AT BE 38 o L BT 25 4 J Y SH2 45 & i
YEEV AR A1) Y*' LK NIK Fl IkB #5652 A 1R 1)
AT i SRR B R AL , BAIS 1B I E &9, Wi TG
fb NF-kB, It SH2 45 G 8K YEEV 7F 2 K 5 5
R R Y

K15 A & T s 780 (1% L0 S i S PR, 2 B AR
BRI RaE . (HAERIA R KSHY FHH: PEL
Y b e B TSR N i e B A 2 RN S
HERIRYE N, PRUE ] DRS00 K15 35 PR AT e AR 45 9
BEAL TR I sl R 3 Y )y Rk i il i
AR SR A g
2.4 REMMIBIMEE MR RETH
S FEURI R | X JE K 2 BURIE B LT 2
JEIR T FERE ] KS AR, KSHV YL B 19 Kz 40
W2k 25 1 B B 2578 B 25 B T OF AR A5 1R 2B R
HHAMIEE A, K220 KSHV JB YL (1% 21 Ji b
TR, A /D0 o3 v AR S 1 4 B 1 R M 0 i
TR KRG 7 22 2 A, 0 B 2 S A T 41
JLY A, SRR G A B A e PR —
L2530 75 AR R B 104 A B RT P AR SRR G 4
RfRZEM ) KIS S WS RT R A L m %k
IERA 15U 2 5 40 iz s i) 8 1 B Ry AR
B SZEEESE EBE K15 AT LLGE S i E MMP-
1 MMP-2 MMP-9 FI AP-1 #2 =5 JF AR A & bk 9 2
MR IR B
2.4.1 KI5&4aX5PLCvyl ¥948E4EA KIS EHEH
AR B ANEOE AN R I PLCy1 B H R RN 43
T BPIX GIT1 I cded2 | @ 25 2 = 6 7 I AR 00 P4 Az

AR ZEME, A5 B4 UEM GIT1 5 BPIX fE
I A R BRI Y PLCYl IS IMEAHE
A4, Bl PLCy1-GIT1-BPIX-cded2 5 4 1R 1Y 28,
PLCY2 cSH2 2503 AE A S A il 4 , R A% LA 4K
Y A K15 2 T PLCyL R SR
K15 #1115 PLCyl AH B 1F FH 2 32 18 s 3 Bz 40 Jf 4R
BT LT 55, R/ B9 PLCy2
cSH2 L5438 T REAE N — A EZE IR AL

2.4.2 KI5P 5 KISM 69 Z2A4ER KI5 FEHA] 53
P M AN =R IE A Hoh KI5P 5 KISM A
33% MR SERR RN, FEDhRE DA B
WFgE ) W], KISP 38 i 75 540 2 A 1k 45 5 1 3
1B (store-operated calcium entry, SOCE ) (1) 5 %2 [l £
F1 Oraill BB IS S Ca® (555 S, 0L dE 40 T
B, WE5E! KW K15M 78 KSHV BHYERY PEL 41
FRTRIRFE A, I L SH2 25 AR 8 E 0 T 40 i 7 iR
[, 75 AN AT B A= %, [RIIRH4R 5 NF-«B A5
K15M 7] G i 7895 miR-21 Al miR-31 AY M &
w25 KSHV M-S MR, KISM J& 75 at i
Vs VR S %) 308 375 M DA I ) 2H 208 1 Tl A B TG
RAFRN IR IGUE , (H XA 7] G —FHIRYT KSHV AH
SIERE BT T

3 RE

K15 7] 3005 00 Y Ras/MAPK Fil NF-kB 3 %,
FEE5 G INK/SAPK A [, 1 I8 40 it 51 Fnia 1k R
TR, B R GRBER R AERN, K15 & ARSI
PG PLCyL, 3 w5 AR P4 Bz 200 e 1 I 2687 A i i 42 ()
I 2L PLCy1-GIT1-BPIX-cded2 4 W14 J7 =A%
KSHV JB% 1) PN Kz 20 JfL 3 7% FVR 28, DRI AT DR Ry
BIY KS WA S, KIS EHSHET-EA
HAX-1 22 8] A B AR F AT DA 8500E K 40 i 75, B
A BCAIAYT KS MMt . RESMEDL T K15 8
T I R AR i 2 G R 5 R B 1 R R A A
FH A E s B B L RN B, X O HL I ) TR A
FEMKHE , AT RE I & B P B AP ER G 2 A 4t
Wt

[1] Guihot A, Dupin N, Marcelin A G, et al. Low T cell responses to
human herpesvirus 8 in patients with AIDS-related and classic Ka-
posi sarcoma[ J]. Infect Dis, 2006, 194(8) ;1078 —88.

(2] A W%, 4%, 58, %. KSHV KI5P J2 H 228 (K 118 5



- 336 -

BMEMKFF® Acta Universitatis Medicinalis Anhui

2022 Feb;57(2)

[10]

[11]

e 55 R 2 A 98 7 35 X PR B 40 i 4 BT B )
[J]. ZWERIEEA, 2019, 54(11) :1765 -70.
Hosseinipour M C, Sweet K M, Xiong J, et al. Viral profiling i-
dentifies multiple subtypes of Kaposi's sarcoma[ J]. mBio, 2014,
5(5) :e01633 - 14.

Chen W, Xu C, Wang L, et al. K15 protein of Kaposi's sarcoma
herpesviruses increases endothelial cell proliferation and migration
through store-operated calcium entry[ J]. Viruses, 2018, 10(6) :
282.

Demba R N, Shaviya N, Aradi S M, et al. Selected genes of hu-
man herpesvirus-8 associated Kaposi’ s sarcoma among patients
with human immunodeficiency virus-1 and acquired immunodefi-
ciency disease syndrome[ J]. Pan Afr Med, 2019, 32.215.
Abere B, Schulz T F. KSHV non-structural membrane proteins in-
volved in the activation of intracellular signaling pathways and the
pathogenesis of Kaposi’s sarcoma[ J]. Curr Opin Virol, 2016,
20:11 -9.

Bala K, Bosco R, Gramolelli S, et al. Kaposi's sarcoma herpes-
virus K15 protein contributes to virus-induced angiogenesis by re-
cruiting PLCgammal and activating NFAT1-dependent RCANI ex-
pression[ J]. PLoS Pathog, 2012, 8(9) :e1002927.

Jio B, VEET, R W, S N A SO X AR
PRI AH DG o A5 IR G I LV 2= 0 B [ ] B BUE LR 2227
i, 2017, 52(5) :697 - 700.

Wang L, Brinkmann M M, Pietrek M, et al. Functional character-
ization of the M-type K15-encoded membrane protein of Kaposi's
sarcoma-associated herpesvirus[ J]. Gen Virol, 2007, 88 (6):
1698 -707.

Tsai Y H, Wu M F, Wu Y H, et al. The M type K15 protein of
Kaposi's sarcoma-associated herpesvirus regulates microRNA ex-
pression via its SH2-binding motif to induce cell migration and in-
vasion[ J]. J Virol, 2009, 83(2) :622 —32.

Hivemeier A, Gramolelli S, Pietrek M, et al. Activation of NF-kB
by the Kaposi’s sarcoma-associated herpesvirus K15 protein in-
volves recruitment of the NF-«kB-inducing kinase, IkB kinases,
and phosphorylation of p65[ J]. J Virol, 2014, 88(22) ;13161 -
72.

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

Brinkmann M M, Pietrek M, Dittrich-Breiholz O, et al. Modula-
tion of host gene expression by the K15 protein of Kaposi’s sarco-
ma-associated herpesvirus[ J]. J Virol, 2007, 81(1) ;42 -58.
Cousins E, Nicholas J. Molecular biology of human herpesvirus-8 :
novel functions and virus-host interactions implicated in viral path-
ogenesis and replication[ J]. Recent Results Cancer Res, 2014,
193.227 - 68.

Gramolelli S, Weidner-Glunde M, Abere B, et al. Inhibiting the
recruitment of PLCgammal to Kaposi's sarcoma herpesvirus K15
protein reduces the invasiveness and angiogenesis of infected endo-
thelial cells[ J]. PLoS Pathog, 2015, 11(8) :e1005105.

Reale C, Zotti T, Scudiero I, et al. The NF-kappaB family of
transcription factors and its role in thyroid physiology[J]. Vitam
Horm, 2018, 106195 -210.

Brinkmann M M, Glenn M, Rainbow L, et al. Activation of mito-
gen-activated protein kinase and NF-kappaB pathways by a Kapo-
si’s sarcoma-associated herpesvirus K15 membrane protein[ J]. J
Virol, 2003, 77(17) :9346 —58.

Cildir G, Low K C, Tergaonkar V. Noncanonical NF-kappaB sig-
naling in health and disease[ J]. Trends Mol Med, 2016, 22(5) :
414 -29.

Bonsignore L, Passelli K, Pelzer C, et al. A role for MALTI ac-
tivity in Kaposi’ s sarcoma-associated herpes virus latency and
growth of primary effusion lymphoma[ J]. Leukemia, 2017, 31
(3):614 -24.

Wong E L, Damania B. Transcriptional regulation of the Kaposi's
sarcoma-associated herpesvirus K15 gene[ J]. J Virol, 2006, 80
(3):1385 -92.

Lim CS, Seet B T, Ingham R J, et al. The K15 protein of Kapo-
si’s sarcoma-associated herpesvirus recruits the endocytic regulator
intersectin 2 through a selective SH3 domain interaction[ J]. Bio-
chemistry, 2007, 46(35) :9874 - 85.

Cho N H, Choi Y K, Choi J K. Multi-transmembrane protein K15
of Kaposi’s sarcoma-associated herpesvirus targets Lyn kinase in
the membrane raft and induces NFAT/AP1 activities[ J ]. Exp Mol
Med, 2008, 40(5) :565 -73.



