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In vitro anti-tumor effect of mGM-CSF-GnRH3 and mGM-CSF-GRP6 recombi-
nant fusion protein and their bioinformatics prediction

LIU Shujun, WEI Xiaofang”, LIU Shengfeng, HUANG Yingshuang, ZHANG Yan, CAO Rongyue(School of Life Science and Technol-
ogy, China Pharmaceutical University, Nanjing 21009, Jiangsu, China)

[Abstract] Objective: To prepare the fusion protein mGM-CSF-GnRH3 (mGGn) of mouse granulocyte-macrophage colony stimulat-
ing factor (mGM-CSF) combining with gonadotropin releasing hormone (GnRH) and the fusion protein mGM-CSF-GRP6 (mG6) of
mGM-CSF combining with gastrin-releasing peptide (GRP), and to investigate the inhibitory effect of the above two fusion proteins on
B16F10 melanoma in vitro as well as to preliminarily predict their isoelectric point, relative molecular weight, hydrophobicity, stability,
subcellular localization, signal peptide, spatial structure and potential epitopes. Methods: After the successful preparation of mGGn and
mG6, the effects of different concentrations of fusion proteins on tumor cell morphology, migration, proliferation and cell cycle were de-
tected by microscopic observation, scratch test, CCK-8 method and flow cytometry, respectively. The protein online analysis systems
EXPASY, GOR4, SWISS MODEL were used to predict the basic properties and secondary/tertiary structure of recombinant fusion pro-
teins. The B cell epitopes were predicted by IEDB and ABCpred software, the CTL epitopes were comprehensively predicted by SYF-
PEITHI, BIMAS and NetCTL software, and the Th epitopes were predicted by NetMHClIpan 3.1 Server and IEDB software. Results:
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Both mGGn and mG6 inhibited the migration and proliferation of tumor cells. mGGn could block B16F10 cell cycle at G1 phase while

mG6 could block B16F10 cell cycle at S phase, all of which prevented cells entering into G2 phase to inhibit tumor cell growth. The

mGGn and mG6 fusion proteins got diverse structures and had multiple potential B epitopes, CTL epitopes and Th epitopes. Conclu-

sion: mGGn and mG6 have inhibitory effect on B16F10 melanoma in vitro, and bioinformatics predictions have laid a foundation for

further study of the biological functions and immunological activities of these fusion proteins.

[Key words] mouse granulocyte-macrophage colony stimulating factor (mGM-CSF) ; gonadotropin-releasing hormone (GnRH);

gastrin-releasing peptide (GRP); melanoma; B16F10 cell; bioinformatics analysis
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b EBAEAE AR VR R E R iU 2 (gonadotropin-releas-
ing hormone , GnRH) ) 45 & 47 5. , GnRH &N AT 41
X L R A AR K . W Z R UIK (gastrin-releas-
ing peptide , GRP) 15 V1 22 % 14 g 1 R A= T 7% Ve 2%
ERREY, Z 5 MRS SIS AR, & —
AN B IR AR A BRIROR 2 AR - 5 2 PR £ VR
) ¥ Kl ¥ (mouse granulocyte - macrophage colony
stimulating factor, mGM-CSF) 7] DL 75 5 #8 ££ 41 ff 7
A DC, FAR 1 DC I 1958 A, 7] B a] e i i 3
L2 AR S BEAZ 20 i DA R NI 2 i P 470 A A4 5t 1) 4 i 25
YERL A& i3E Th1 Y48 i P55 (1) 73 W 340 256 A I
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1.5 BI16F10 mfa it & R

F 85 TR (1) B16F 10 40 LA 5x10° AN /FL 1) % B 4%
T T 6 FLIE TR, FIAS & FBS (85 77 1085 77 1 i A5 4
It G B S 43 S B 5 1100041004104 1.0.1 pg/ml
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(https://npsa-prabi. ibcp. fr / cgi-bin / npsa_automat. pl?
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SWISS MODEL (http://www. expasy. org / swissmod /
swiss-model.htmD AT [ EAR , 345 H =454
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*1z

| F IEDB(http:/tools. immuneepitope. org/ tools/
beell/iedb_input)ZEAT FU , A B-455 1 2R 1T PT REME: 52
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X F ABCpred 3 ff (http://www.imtech.res.in/raghava/

abcpred/ ABC_submission.html) , #2 $& #3 7 & IR 34T
T o 25 BB WA T 25 2R, U R P RER B
UM RAL . LG I H 3 FiEZL T A SYFPEITHI (http:
/Iwww. syfpeithi. de/). BIMAS (http://www-bimas. cit.
nih. gov/molbio/hla_bind/) A1 NetCTL (http://www.cbs.
dtu.dk/services/NetCTL/) %} 25 20 25 [ 1) HLA-A*0201
PR 1l 1% CTL e Ar 47 120 B2 T, 73 52 ey 1) UK AR
HE—25 43 M1« %4 NetMHClIpan 3.1 Server Chttp://
www. cbs. dtu. dk / services / NetMHCIIpan/) I IEDB
(http://tools.immuneepitope.org/main/htmL/tcell_tools.
htmL) Y Fh 77 3% %) = 41 22 H ) HLA-DRB1°0901 .
HLA-DRB1°1202.HLA-DRB1°1501 [ il ¥4 Th 4 il %
RLIEAT T o
111 %itg 4t

K SPSS 19.0 4t it 1 A+ 70 #r , B dle DL vts R
7 R TE) EE IR F e ke, 22 2 A) EL IR H B R R T
E T LLP<0.05 3 P<0.01 /R £ FH 41 &
Lo
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2.1 mGGn 5 mG6 & & 5h 3+ B16F10 A 73 4m J 38 74
E A I 4E A

{5 B B S22 I (B 1a-e) 2.7~ , BI6F10
YT B 1) 4 BT A e B B 00 5 LU R I 4 24 2E I R
Y A B S OO 4R i e Bk T R, 1L R
W B 22 PEAG , 40 f A3 AN [RI AR FE IR T o ifi %o R 4H.Co
wg/mls B 10 (1) 40 i 338 B HE 1%, 8 5635 48 2 RN £
T, W BE A vy, S M T A B G B B As . R B
YA 0 B16F10 4H Mo A7 — & M4l 3 56 4 H
W 5 2R B R T e A T A R R A ., AL
BRI

A:mGGn; B:mG6; a:1 000 pg/ml; b:100 pg/ml; c:10 pg/ml; d:1 pg/ml; e: 0.1 pg/ml; £:0 pg/ml
1 Fh&EBERINT B16F10 4RSS A9S20E (x200)
Fig.1 The effect of fusion proteins on the cell morphology of B16F10 cells in vitro (x200)

2.2 mGGn 5 mG6 ¥ 88474 B16F10 %@ ftL 69 iL 4%
IR S 06 B ALk R EET P 3 A4 X 3k, #1 HEL /S 1

Image J #4770 1. 45 R B, 4h 5 41(0.1. 1,10,
1001 000 pg/ml mGGn 5 mG6 1 F 24 h) 525 4 %
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AR A AE— R R REM ] R A R AT R L OF 2
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mGGn (24 h)

mG6 (0 h) mG6 (24 h)

IR HRAE -

© Control mGGn 10 pg/ml
" mGGn 0.1 pg/ml mGGn 100 pg/ml
I MGGn 1 pgml & mGGn 1000 pg/ml

15

1.0

0.5

(IR

Cell scratch area (fold of control) a

0 24
Time (t/h)
F
© Control mGGn 10 pg/ml
1.57 ™ mGGn 0.1 pg/ml mGGn 100 pg/ml
) MGGn1pg/ml & mGGn 1000 pg/ml

JUTTTIITTITTTIICITIOIII =

Cell scratch area (fold of control)

Time (th)

"P<0.01 vs Control group
A :mGGn for 0 h; B:mGGn for 24 h; C:Scratch area of B16F10 after mGGn treatment; D:mG6 for 0 h; E:mG®6 for 24 h; F: Scratch area
of BI6F10 after mG6 treatment;a:1 000 pg/ml; b:100 pg/ml; c:10 pg/ml ;d:1 pg/ml; e: 0.1 pg/ml; f: 0 pg/ml
&2 mGGn #1 mG6 %I B16F10 ZRAE 5 HIF40E (x40)
Fig.2 Effect of mGGn and mG6 on migration of B16F10 cells(x40)

2.3 mGGn 5 mG6 ¥ & 8 2 4% BI6F10 @i 38 74
CCK-8 o I I 45 A (BT 3A) 278 , mGGn &
143 9 4b B 24,48 F11 72 h 5 5 B v T BE 40 260
43.56% F+ = B 72.74%, 1Cs, 43 ) i& F| 3 184.000-
325.382 A125.179 pg/ml. mG6 &[5> AL FH 24,48
72 h )G, B R FE I 2 49.56% b T F] 79.54%,

>

- 241h1C,=3.184 mg/ml
20 - 48 h IC,=325.382 pg/ml
-4 72h1C=25.179 pg/ml

Inhibitory rate (%)

0 500 1 000 1500
mGGn [p,/(ug ml)]

1Cs %3 13K F1| 3 226.000+ 252.144 F127.385 ug/ml(
3B). FEAHEERMEE R, Ki 9% 48 F1 72 h 5 (R4 %
5 B (35 9% 24 WM LL 22 5 G ik 3 L (P<0.05
8¢ P<0.01) , % ¥ mGGn 5 mG6 R # il BI6F10 41 g
ARV, HL BT B[R] R0 R AN 7 B R

w
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* 3%
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40

~®- 24 h IC,=3.226 mg/ml
& 48 h1C,=252.144 pg/ml

—& 72hIC,=27.385 pg/ml
1 1 1

0 500 1000 1500
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20

'P<<0.05,"P<0.01 vs 24 h control group
A: mGGn; B: mG6
3 mGGn flmG6 A EE R KRB E F B8 % B16F10 4RRIE(E & 14 HIHIE R
Fig.3 Inhibitory effects of different concentrations of mGGn and mG6 treatment for various time periods
on the proliferation of B16F10 cells
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2.4 mGGn#=mG6 A% [Li# B16F 10 @ i ) 21
#5254H.(0.1.1.10.1001 000 pg/ml) Fl%5 {5 %}
“H mGGn 5 mG6 1£ Fl BI6F10 41 ff1 24 h )5 , it 2041 i
ORI 25 (B 4A K 1) 7R, mGGn 7E— E 2 L RE
{5 B16F10 41 A i BARH 7 T G1 A, ARk N S 1A, A

T A A0 A, BB R SRS R . 1 mG6 fil
BERAE B RS B16F10 40 i A HHBHH TS
W, ANREEN G2, AT A 40 AR, B 7 &
i R (B 4B K Do

A:mGGn; B:mG6; a: 1 000 pg/ml; b: 100 pg/ml; c: 10 pg/ml; d:1 pg/ml; e: 0.1 pg/ml; f: 0 pg/ml
4 mGGnH M mG6 % E1EF 24 h /55T B16F10 48 At HARY R
Fig.4 Effect of mGGn and mG6 proteins on the cell cycle distribution of B16F10 cells after treatment for 24 h

#1 FERE mGGn M mG61EMA 24 h R
B16F10 28R E HARI 1L (%)
Tab.1 Changes in the cell cycle of B16F10 cells after treat-
ment of different concentrations

of mGGn and mG6 for 24 h (%)

Concentration mGGn mG6
[es/(ug-ml™)] Gl S S G2
0 75.19 14.00 12.75 18.89
0.1 75.79 12.63 18.11 10.95
1 78.34 12.72 19.61 8.10
10 78.78 12.13 20.45 7.85
100 80.19 11.26 20.08 4.87
1 000 81.58 5.03 34.69 3.70

2.5 A1 & F N mGGn A2 mG6 89 F KB
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2.6 A4E A F M mGGn A2 mG6 & & — B L H)
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S5 R (B 5) o, B-% f e To 4 2 BB i il 2
PEEER, 1% X0 S5 BAMIRIE R0, HEME
Bl AN B2 £ 1 B T 55 1~16.29~55.65~69.75~104
111~199 A7 B FE PR . mG6 — Zk &% K 41 S 2 T 45
(E 6) &~ , H T 6 ol AN B-4% f 2 B4 T 56 1~16.
29~55.65~69.75~104.111~200 i Z IR .
27 AEEFMNETMELE O ZBEN

7a f& B & PL GM-CSF Ay [A] Y5 A% AR 28 A,
QMEAN & — /N X A4 8 H (19 [ 5B B 3k 47 AR VP Ak
ARSI T, Z-score /& R FEAH M 218 , Z 70 BUBRAI B8
FooE , BB (1) T R AF . QMEAN4 # (1) $5
Fr IR AR B AR, I RE P R 5 e . K
7b 1] LLA H mGGn F1 mG6 fill & 85 1 R g 215
I HREUR, FF AR AR E I SRR R . B Te RoR
e & B R R IR 7 71 5 PDB £ ¥ 22 v HoAth 2 1
VG R B o
2.8 A3 &F N B mGGn 4R R AZIK

H R 45 R R I mGGn 5 mG6 A EEME i 5
2% () 25 RO AR ACL A4 A0 T8 280 SR AR ) 5 55 il AL o X
mGGn 1E N H AR A, T 55 v] G278 £ 9t 5 B 48
Jifl \CTL Al Th AL, TEDB # A48k A ABCpred #5445t
H AR A B ST I g 38 2, 45 21 (105 %k B 40 e 7
Jik (% 2) ;¥ SYFPEITHI £1 BIMAS 4t 37 73 1 45 3] 73
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3 FI PR R AL, FR45 4 NetCTL1.2 Tl 45 847 NetMHClIIpan 3.1 Server A1 IEDB 4 F 5 7 7l il 45
LR YN ORI MO CTL RALAK (K 3) 454 Tmik Mk Th R ALAK (R 4.

1a ric] e 408 50 ae 7o

I I I I I I I
HAHAPTRSPITVTRPNKHUEAIKEALHLLDDWPVTLNE=VEVVSNEFSFKKLTEVQTRLKIFEQELRGNF

cccccccocceeeec cchhhhhhhhhhhhocccccococceerecccccocoooce chhhhhhhhhecc-ch
THLKGALMMTASYYOTYCPPTPETDCETOVT TYADFIDSL I{TrLTDIPrECI{I{PSQKDP GESDPEHNSY
hhhhccoceeseseseccococcooccceeseaechhhbhhhoeeeccccococcoocococcococooces
GLRAPGEHL Y GLRPGEHSYGLRPGGTCPPCPARPL SEIKGYIVHRLEGVAGEHNRLLLTG
o LSS ot -1 Y ol S S ey Y1 Vb St et St et St Syt 1Y 1111 I et -1 - -1 -1

&5 mGGnEAEBEEBERTFRES

Fig.5 The state of the mGGn amino acid sequence

18 28 E1t] A3 La EA Fit]

| I I I I I |

HAMAPTRSPITVTRPWEHVEATKEALNLLOOMPY T LHNEEVEVYSHEFSFEKLTCVOTRLK IFEQGLRGNF

coeccccocceaeescchhhhhbhhhbhbhbhocccccooccceeeaeccoccccccccchhhhhbhhheccoch

TELEGALNMT ASY Y OTYCPPTRPETDCETONT TYADFIDSLKTFLTDIRFECKKPSQKDP TGGASGHHIAY

hhhhcccceseeeesecccccccccccceeapachhhhhhcaseccoccocccccoccccocccccoceas
GHLFGNHEAVGHLMS SGHHMAVGHLMGNHIWAYGH LMS SGHHWAMGHLMGHNHWAVGHLMSR
geQoeC ool Coleg@genrtel CoteederCCC@ReereRe COReQl e

&6 mGé6mtAEASEREFTIFHRE

Fig.6 The state of the mG6 amino acid sequence
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A:mGGn; B:mG6; a:The three - dimensional structure; b: The Z points of fusion protein; c:The QMEAN4 points compared with PDB

7 SWISS-MODEL il mGGn #1 mG6 & R i) = 2544
Fig.7 Prediction of the tertiary structure of mGGn and mGé6 proteins by SWISS-MODEL
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Tab.2 The candidate epitope peptides of B cell

3 1%L CTL RALRK
Tab.3 The candidate epitope peptides of CTL

Peptide Sequence
P81-96 ASYYQTYCPPTPETDC
P129-144 PTGGSDPEHWSYGLRP
P27-42 NLLDDMPVTLNEEVEV
P39-54 EVEVVSNEFSFKKLTC
P58-73 RLKIFEQGLRGNFTKL

Peptide Sequence SYFPEITHI BIMAS NetCTL
P28-36 LLDDMPVTL 27 59.558 1.333
P35-43 TLNEEVEVV 27 131.765  1.021
P51-59 KLTCVQTRL 20 74.768 1.016
P113-121 FLTDIPFEC 13 543.440  1.120
P181-189 VIVHRLEGV 24 18.323 0.773

4 %1% ThRAGIAK
Tab. 4 The candidate epitope peptides of Th

Pos Peptide MHC allele NetMHClIpan 3.1 Server IEDB
P67-81 RGNFTKLKGALNMTA HLA-DRBI1 *0901 0.60 0.68
HLA-DRBI *1202 9.50 30.76

HLA-DRB1*1501 6.50 6.72

P172-186 PAPLSEIKGVIVHRL HLA-DRBI1 *0901 0.80 35.83
HLA-DRBI1 #1202 1.00 47.76

HLA-DRB1*1501 0.60 6.07

P107-121 IDSLKTFLTDIPFEC HLA-DRBI1 *0901 5.50 34.66
HLA-DRBI1 #1202 8.50 22.14

HLA-DRB1*1501 5.00 12.87
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