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Expression and clinical significance of melanoma antigen A gene family in periph-
eral blood of esophageal carcinoma patients

GU Lina’, YIN Danjing’, SANG Meixiang*’, LIU Fei®, WU Yunyan®, LIU Shina’, LI Juan’,SHAN Baoen“’(a. Scintific of Research
Center; b. Department of Immunology, Tumor Research Institute, Fourth Hospital of Hebei Medical University, Shijiazhuang 050011,
Hebei, China)

[Abstract] Objective: To evaluate the expression of melanoma antigen A family (MAGE-As) in the peripheral blood of patients with
esophageal carcinoma (EC), and to analyze its correlations to the clinicopathological features and the prognosis of EC patients. Meth-
ods: mRNA expression of MAGE-As in peripheral blood from 153 EC patients and 30 healthy donors was detected using multiplex
semi-nested PCR. In addition, restriction endonuclease treatment was used to determine the expression of MAGE-As family members,
including MAGE-AI, A2, A3, A4 and A6. Results: The positive expression of MAGE -As was observed in 30 of 153 EC patients
(19.61%) in peripheral blood. The positive expression rate of MAGE-AI, A2, A3, A4, A6 was 10.46% (16/153), 16.34%(25/153), 9.8%
(15/153), 11.11% (17/153) and 18.30%(28/153), respectively. Additionally, the expression of MAGE-As was positively associated with
clinical stage, lymphatic metastasis and distant metastasis (all P<0.05). The positive expressions of MAGE-As and its sub-type genes
were all associated with low 5-year overall survival of ES patients (all P<0.05). Expression of MAGE-As, tumor volume, lymphatic me-
tastasis and distant metastasis can be used as independent prognostic factors for the survival of EC patients (all P<0.01). Conclusion:
The expression of MAGE-As in peripheral blood of EC patients was associated with the prognosis of EC, and may be used as an impor-
tant indicator for the prognosis of esophageal carcinoma.
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BB IR R WM e —, R
R 28V 5 P 2 5 S5 I PR R A, 7 B R I N S ()
FR, B E TR ZE , R R EME %R
B & B E ARG S FEAF TN 20%~30%, i 17 1E
MR BH ARG S F A RN 13% . 38
BH TG, B 5 A7 o B A A A7 I R oy BB
T SIS )7 FARE . BEORBAHKHT
Jii (melanoma-associated antigens, MAGE) #& — £f 43
AR T 19 52 AL BT R (cancer testis antigens, CTA) X
T R T, T G PR 2R R R 4 ) 1 AN [
MAGE & 53 3 W R W 5K J% : MAGE- [ #1 MAGE-
II. HA MAGE- I K%+ MAGE-A.MAGE-B
MAGE-C, F R # 73 J& T e Al OB JR , 7E R 52 ALk
() IR NARZH G AN TE T 7 22 Bl S B (1) Jieb 9 2.
rh ERIEY, Hh MAGE-As HF Ui %, B4 12
AN ZE K 72 : MAGE-A1~A12, MAGE- Il £ %4
i MAGE-D, H) iz 3Rk T 1 NARHZ, 1 A8 M I8
HYP AL SR, &8 B SN L MAGE-
As FERIKF R IERE M AIERE . HT MAGE-AI .-
A2-A3-A4 FN-A6 (1) 7 5 i FEARARL , AR A e vt 5 5
Ik A G B R . 9 7 — AR T MAGE-As fE &
B BB A A i R IR 5 U 08 &R AR AR
F % # #.70 PCR (multiplex semi-nested PCR) FlI 1))
T3 AEAS DN 153 491 6 Je 25 2 A0 30 91 4k B N 41 A I v
MAGE-As (MAGE-A1,-A2,-A3,-A4 F1-46) mRNA LA
S BRAS B R Y () AR B 0 5 43 i B R 3Rk 5 1l R
S H TS 8 &, B A8 R AN E i MAGE-
As RIXREBAVE N B E I B E IR T Im R IG 7 A0 il 751
JEHI > T hRE .

1 MR5EE

1.1 #ARst %

16 BT AL Br B OK 2 55 DY R B 2012 4F 10 H &=
2015 45 H BT BT 16 7 1 153 1 6 B B, i de
AP LS mls 5 3 B b B Rl K 2 55 DU = e A 56
30 {5 4 B 5 B A0 I 5 mil 4 g B kX I 5 1E 2
AL ZRAE R BP0 B, AR AR B E W 51 g 25 806
S7 o B IE W AL 1536 B R Y
PR » B2 90 BRI IE S8 B0, R AT RAT IR
7 AT N 20 AR T

I PR 75 2 2 4 = BEALHR AR08 M 1) WA s LR
T Sk R A SR R |2 2R o 2 I R o B iR R
NGB SE L R DAL A R . IR FEA
RIS IS 2R3 B K@ I A R B I8 2 g
A =15, 90 )5 S8 R R B AR B 25 A 22 o At
1.2 EZX5

RNAprepPure Ifl ¥ =t RNA $& B 7 & W 5 Jb
WRRANBEARA A, )iExER&EWE L
FESGAEY) TREA PR A 7], Go Taq Green Master Mix Ji
H 3 [H Thermo 2 W] , B 5 B 5 9% [ OXOID A ,
PCR 5| ¥ B At 2 4 B A AR A R TEL
], QIAquick PCR =¥ 4lift. i 71| &4 B QIAGEN 2
Fl,Bel 1 EcoR 1 \Sph 1 W H & 4% (AL 5O W)
FARA A A, Ecod7 1 H Thermo 2 7] , Af1 1111
H New England Biolabs /2 7] .

1.3 314kt

5 Pidk B AR A A A 28— %8 PCR 5
¥, MAGE-1 F:5' -ACTGGCCCTGGCTGCAAC-3",
R: 5’ - GCCCTGACCAGAGTCATCAT-3" (993 bp):
MAGE-1-1 F:5'-ACTGGCCTTGGCTGCAAC-3",R:
5'-CCCTGACGAGAGTCATCATG-3" (H I /i B 965
bp). £ — % PCR 5| ¥ , MAGE-2 F: 5’ - ACTG-
GCCCTGGCTGCAAC-3' , R: 5' - AGGCCCTGGGC
CTGGTG-3' (H ) Jr Bt 914 bp); MAGE-2-2 F: 5" -
ACTGGCCTTGGCTGCAAC-3' ,R: 5" -AGGCCCT-
GGG CTTGGTG-3" (H 1 v Bt 893 bp). GAPDH 7|
M) :F: 5" -ACCTGACCTGCCGTCTAGAA-3' ,R: 5'-
TCCACCACCCTGTTGCTGTA-3' . 5l ¥t EifF4

TGS L.
14 % & § XPCRAMRF & EZ I A0
MAGE-As mRNA % ik K-

FH I RNA S BRI 23 0 D\ £ % s 26 R
fe J3E N\ 2% R U RNA, % SR 5 S 3k AT
sk . B — % PCR R MK R N LA cDNA 5 pl,
MAGE-1F (10 pmol/L) f MAGE-1R (10 pmol/L) % 1
ul, MAGE-1-1F (10 pmol/L) fl MAGE-1-1R (10 pmol/
L)% 0.2 pl,2 X Taq Master Mix(#% 44k} 25 pl, X B 7
KN ZBARFR N 50 ple 25 =4 PCR R NAR RN E §6
PCR /=4 5 ul, MAGE-2F (10 pmol/L) fl MAGE-2R
(10 pmol/L) %% 2 ul, MAGE-1-2F (10 pmol /L) F1
MAGE-1-2R (10 pmol/L) %% 0.4 pl, 2 X Taq Master Mix
(B e k) 50 wl, 25 8 /KN & SRR N 100 ple. #%e
SN ZAT ) 9095 C 5 min, 95 °C 455,65 C 45 s,
72°C 90's,31 MEH,72 ‘C 6 min. HUPCR =476 pl,
FH 1.5% B W St IR kAT HL vk, e AR 3 G v WL ¢
PR,

1.5 FRFME A 0B 4 23R B MAGE-As 3 1A R &

{4 F QIAquick PCR =4 4l At iRk 711 & , 4% [ 1t 1
Fiks LB 3R1G 1 PCR AT W) 24k . K44k 5 PCR
P 3 RR G N DI g Bel T WSph 1 WEcoR T
Eco47 1L AN Af1 1113 47 9 1§ U1, 459 3] MAGE-AI .
-A2-A3-A4 F1-A6 WA R B v B (R Do Bl =
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Yo RT 1.5% BRARHEBEIEAT HIK , B B AR 22 48 P WL 2

+
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1 REIMATIEELIE MAGE-As 2 EE X PCR =Y ERIBEY] F X
Tab. 1 Restriction fragments of the multiplex semi-nested PCR products of MAGE-As

after restriction endonuclease treatment

Restriction endonuclease MAGE-As Product length (bp) Fragment length (bp)
Bcll Al 893 106,787
Sph1 A2 914 21,22,151,720
EcoR 1 A3 914 167,747
Ecod7 111 A4 917 375,542
Al A6 914 22,172,282,438

1.6 “%itsgam

JH SPSS13.0 Gi it 5= 3 A Xt it i it 47 Ge vt 2
AEBE, MAGE-As £ R S B> MAGE-A £ K 3215 5 iy
PRAH) 22500 28 2R R 5 ke 56 58X Fisher £ 58, B
H Kaplan-Meier J7 V% % £ & i i 35 /2 15 FH 1 R ik
MAGE-As mRNA #4172 £7 5347, B H Cox [B] I #5214
BT Xof BH 1t 3R I8 MAGE-As AR 5% B R B2 9 Rk 47
HRRMZ IR HT. PLP<0.058 P<0.01 K/nZ 5
EENVES-9'8

2 # R

2.1 MAGE-As 28 & & 9 o of 69 & ik

FIH 2 5 PCRAGI | MAGE-As BERI1E 153
91 £ 7 e S5 AN 30 49 ik e A B A L v R R A 1
5[5 B R B0 7 iE AR T MAGE-A1MAGE-
A2 MAGE-A3 . MAGE-A4 F1 MAGE-AG ] & 15 1 I
S5 1D B R, MAGE-As FE R 7E 58 U4 2R (o %
RO £ e SR A R I A BH M 2RO g R N A I
HHEARRIL

T2 0N, BE W EF A M MAGE-As 13
IEF19.61% (30/153), 1% SRS B TE £ 500 o

b JE I R 208 K P o BN 46>A42>44>A41>
A3, ARHEEHE 185 B I INA ML MAGE-As ik
KB SR80 25 R (K 2) R, MAGE-A1.A42.A3.A4 Fl
A6 1) v Bl ki 2] .

A b DNA Testis tissue ~ Patient’s blood Healthy human blood
P Marker 3 GAPDH MAGE-As GAPDH MAGE-> GAPDH

900—
500—
200—

B Periphera blood sample of esophageal carcinoma patients

Multiple MAGE-As
965 or 893

1 RERBEMBEEINEGM S MAGE-As 5714
Fig.1 Expression of MAGE-As in the peripheral blood of EC

patients and healthy controls

R2 153 B RERBEINDMP MAGE-As BERBIRIEE
Tab. 2 Expression rate of MAGE-As genes in peripheral blood of 153 EC patients

Group MAGE-As MAGE-AI MAGE-A2  MAGE-A3 MAGE-A4  MAGE-A6
Positive number () 30 16 25 15 17 28
Positive rate (%) 19.61 10.46 16.34 9.80 11.11 18.30

22 MAGE-Astykik 5 & 16 R mBAFIEL X 7
Giit bt (3R 3) SR , MAGE-As E4MNA LK R A
S B MR (/=0.381, P=0.537) J5E#E (/=
0.483, P=0.487) W M 52 (5°=0.530, P=0.467) . X
5 (3=0.033, P=0.857) - Ji B S T (5°=0.245, P=

0.885) + ZH 21 22 43 2 (;=2.826, P=0.243) . I J8 K /N
(’=0.208, P=0.648) 15K (P>0.05) , {H 51t K 73 14
(=29.111, P=0.000) . ik (2 &5 % #% (’=95.301, P=
0.000) A AL 5485 (7=36.735 , P=0.000) S 1E A 5%
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DNA  Muitiple MAGE MAGE \H(E \14([ MAGE
\hrkcr\ll(l As -Al -A2 -A6

900--
500-- —
200--

Bell  Sphl  EcoR1 Eco4711 AfINI
Patient No. 18

E2 18 SREREEIINEM P MAGE-As 2 5 FIRFIME A Y]

BB fE B Rk R FRIA

Fig.2 Expression patterns of MAGE-As family members in
peripheral blood of patient No. 18 after treatment with
5 restriction endonucleases

MAGE-AI (=22.052, P=0.000) \ MAGE-A2 (=

37.580, P=0.000) . MAGE-A3 (3°=25.303, P=0.000)
MAGE-A4 (;=14.780, P=0.000) 1 MAGE-A6 ()=
34.157, P=0.000) £ X 78 41 J& 1fi 1) 3238 5 £ 8 e &
G R AR IEARSE . MAGE-A1(4=60.243, P=
0.000) - MAGE-A2 (’=90.568, P=0.000)  MAGE-A3
(’=56.068, P=0.000) - MAGE - A4 (;’=46.308, P=
0.000) 1 MAGE-A6(*=76.350, P=0.000) 3 [X 7F 7 J&]
MWRESBEEREENKOEZREIEMX.
MAGE-Al (°=25.167, P=0.000) . MAGE-A2 ()=
50.778, P=0.000) . MAGE-A3 (}’=21.912, P=0.000)
MAGE-A4 (=35.296, P=0.000) 1 MAGE-A6 (=
41.724, P=0.000) J& [5| 75 4 Ji] 1M 11 32148 5 £ 8 e 18
AL R R B IEM 9% . MAGE-AI-A2-A3.-A4
F-A6 FE R RE 5 B8 o T8 A0S PR ) RO 5
TR 5 B SRR 2H 2 2 A R RS K N TE R
($1P>0.05)

#=3 BERBEINEIF MAGE-As NRIESIRFRFIESHBI X R [1(%)]

Tab. 3 Correlations between MAGE-As expression in peripheral blood and clinicopathological factors of

patients with esophageal carcinoma [n(%)]

Clinicopathological feature N MAGE-As MAGE-Al MAGE-A2 MAGE-A3 MAGE-A4 MAGE-A6
Age (t/a)

<60 75 13 (8.5) 7(4.6) 3(2.0) 8(5.2) 7(4.6) 13(8.5)

=60 78 17(11.1) 9(5.9) 22(14.4) 7(4.6) 10(6.5) 15(9.8)
Gender

Female 44 10(6.5) 7(4.6) 9(5.9) 5(3.3) 8(5.2) 10(6.5)

Male 109 20(13.1) 9(5.9) 16(10.5) 10(6.5) 9(5.9) 18(11.8)
Smoking history

Yes 83 16(10.5) 7(4.6) 11(7.2) 9(5.9) 9(5.9) 14(9.2)

No 70 14(9.2) 9(5.9) 14(9.2) 6(3.9) 8(5.2) 14(9.2)
Drinking history

Yes 80 15(9.8) 7(4.6) 13(8.5) 8(5.2) 6(3.9) 15(9.8)

No 73 15(9.8) 9(5.9) 12(7.8) 7(4.6) 11(7.2) 13(8.5)
Pathological type

Squamous 131 25(16.3) 15(9.8) 21(13.7) 10(6.5) 15(9.8) 23(15.0)

Adenoid 10 2(1.3) 0(0) 2(1.3) 2(1.3) 1(0.7) 2(1.3)

Others 12 3(2.0) 1(0.7) 2(1.3) 3(2.0) 1(0.7) 3(2.0)
Histologic grade

Well 45 11(7.2) 5(3.3) 9(5.9) 7(4.6) 5(3.3) 10(6.5)

Moderately 72 10(6.5) 4(2.6) 7(4.6) 5(3.3) 6(3.9) 9(5.9)

Poorly 36 9(5.9) 7(4.6) 9(5.9) 3(2.0) 6(3.9) 9(5.9)
Clinical stage

I-11 100 7(4.6)" 2(1.3)" 6(3.9)" 1(0.7)" 42.6)" 5(3.3)"

-1V 53 23(15.0) 14(9.2) 19(12.4) 14(9.2) 13(8.5) 23(15.0)
Tumor size (V/em?)

<5 72 13(8.5) 7(4.6) 10(6.5) 6(3.9) 8(5.2) 12(7.8)

>5 81 17(11.1) 9(5.9) 15(9.8) 9(5.9) 9(5.9) 16(10.5)
Lymph node metastasis

No 118 32.0)" 0(0)™ 1(0.7)" 0(0)™ 2(1.3)" 2(1.3)"

Yes 35 27(17.6) 16(10.5) 24(15.7) 15(9.8) 15(9.8) 22(14.4)
Distant metastases

No 116 10(6.5)™ 4(2.6) 5(3.3)" 4(2.6)™ 32.0)" 8(5.2)"

Yes 37 20(13.1) 12(7.8) 20(13.1) 11(7.2) 14(9.2) 20(13.1)

" P<0.01 vs another group in the same feature
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23 MAGE-Ask E5REHRELSFALEFHNOKXFZ
X MAGE-As F1 5. AN BE K Y MAGE-A1~A4
A6 mRNA 35 BH 1 S PR 38 AR A7 #2855 )itk AT
Log- Rank f 5 , 45 R 2.7~ , MAGE-As mRNA ik [
PR 1) 5 FAAF IR E 8T MAGE-As mRNA %Kik

A 1 B 3 (P<0.01) (B 3A) 5 AN JE R A mRNA
TR PV EFH AR ERT AR EH
MAGE-A1,P<0.01; MAGE-A2,P<0.01; MAGE-A3,P<
0.01; MAGE-A4, P<0.01; MAGE-A6, P<0.01 (|| 3B-
F).

A B C
_100p 100, =100
x X e S =,
= 80r = 80 Y=-v. MAGE-AI() - 80 "I IMAGE-A2()
< < LT -
Z 60f é 60F ", g 60 brs
2 40} é 40t L,H 2 40 L“\_
g | MAGE-AI(+) “w. H i
S % 3 20 P<0.01 S 20
00 20 40 66 00 20 40 60 00 20 40 60
Time (/month) Time (t/month) Time (t/month)
D ' E F
100, _ 100 1007,
X L‘\.- = - xX
= 80f S\ MAGE-A3(-) ~ 80 l""-.‘MAGE—A‘t(-) = 80
s "t S e s
§ 60 e 2 60f by é 60
5 A0 [ 2 40 'L"-L 2 40
| MAGE+A3(+) Y. MAGE-A4(+) ‘L.
8 20 por § 201 pegn (E) 20
0 4 0 . 1 N ot L N n
0 20 40 60 0 20 40 60 0 20 40 60

Time (t/month)

Time (t/month)

Time (#/month)

3 M Kaplan-Meier B2k 37 R E R B 54 OS 5 MAGE-As (A) REFRIEMK R B-F)EEREHXFR
Fig. 3 Correlations between MAGE-As (A) as well as each MAGE-A member (B-F) and the 5-year OS of EC patients by

Kaplan-Meier curve analysis

24 s MAGE-As % X RRE R EHSFEHH
Mz AR EZ—

BRI R M 45 R 48R, A MAGE-As R R4
(P<0.01) . TNM 43 #(P<0.01) . bk B 45 55 72 (P<0.01)
AIAZE Ab 5 7 (P<0.01) AT HE N [8] Y345 2 33— 25 49 7 o
SR TNM 73 BA L4559k B2 45 5 3 Az b 3% 7 , w0tk
P25 B AL Az b e A i N RNV o 22 BT 3% 29 B 4
RIEIR MAGE-As F R 3R 15 (P<0.01) i 98 K/ (P<
0.01) ik B2 45 86 F% (P<0.01) J izt kb 5% (P<0.01) 1]
VERNBE R B FH LA MLTE B R &R GR D,

3 1

& 34 Jh 988 41 P, Ccirculating tumor cell, CTC) & &
T 5 b IR AL, 3 A A IV A 3 T A R A B
A, 5 1 SR8 ) B A o R o S B AR O, B
TG0 55 Wk Bk F AR B Cell Search™ £ 4t 2 46l CTC B
SR, FDA S I m] Fll LIRS 1 51 e A 2 i
W ) B U1 o 3K T 43 A e ek ke Y0 448 2 T 1) A
WY RT CTC, bR E) N U SR 2K I, K 52 e Ao
H 2 DRI A 0 BT OB I bR B SR ) A IR
B ANE M CTC.

H A, K 2 20 97 3 Ji i 4 9% 2H 40 A RT-PCR £
M CTC, [F #h 22 F Fi] Real-time PCR #F 78 1 i i i
FE /N B At e 5 5 41 I CTC A 5 24 36 [ mRNA

(IR KT, 2 Fhobs B IS N A LG A bR
EYME, B TR EEEEMREMEE. T
MAGE - As F5 R 1) 1 J52 [ 5 44 AR M ¥ 1 & ouf B4
MAGE-As Fe R F 1510 o AW 5 R FH 2 8 550
PCR FIEG U (1) 77 38600 7 153 451 &8 9 B854 R0 30 1)
fe JE N A JE I A MAGE-As mRNA J B AN FE [K] ¥ 7Y
(MAGE-A1-A2-A3.-A4 F1-A6) (1) IEE I, I 00
THRESIERFESHETER R R REZF
Ji 98 41 21 e 7k MAGE-As 3£ R, H T ¥ EWF 7R W
MAGE-As BRI A A A CTC AR E) .

KA FAE 19.61% & & e & A R I b K
MAGE-As mRNA [1] % & , K & % WK it (MAGE-
Al\-A2.-A3-A4 F1-A6) 1£ £ & 35 40 A i 1) BH
PE R IK F 5 N 10.46% 16.46%+9.80%- 11.11% Fll
18.30%. Zuil o b4 B2 IR , MAGE-As 3& [R 75 41 JF
I (9 2 IA 5 £ 8 e S5 BRI PR 23 A 9k 2 &5 2 e A
AL % 5 IR AH O, B0/ R AL ) 511 PR 70 B bk E2
SEELR R A L B S OE AR OC, BT IR R 20 0, kB 4G
R RGNS B E WS K REY, bt
M MAGE-As J PR J 5 AN JE R RS R DL 28 25 () A
K i )5 . Kaplan-Meier i £ 7 #1 & B , MAGE-As
mRNA LA I EE R EE NS FAEFREER T
MAGE-As RIERHERI B3 . ZHREHTE—5 00
FEIR MAGE-As 3[R % bk B 45 56 7% Az kb 36 7 ]
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1ENEBE GRS fER R &R . X5 MAGE-As1E 8

et R s v ) SR 0 485 R — B

R4 FMRERERESFEFXRNRERZNEERRZERESH

Tab.4 Univariate and multivariate analyses of prognostic factors for 5-year OS of EC patients

Univariate analysis

Multivariate analysis

Variable
HR P 95% CI HR P 95% CI
MAGE-As
. 2.513 <0.01 1.575-4.010 5.267 <0.01 2.159-12.848
High vs Low
Gender
1.346 0.119 0.926-1.955
Male vs Female
Age(t/a)
1.377 0.085 0.956-1.982
<60 vs =60
Smoking history
1.158 0.431 0.804-1.669
Yes vs No
Drinking history
1.086 0.656 0.756-1.560
Yes vs No
Pathological type
Adenoid vs squamous vs others 1.842 0.297 0.584-5.811
Tumor size( V/iem?)
1.301 0.157 0.904-1.872
<Svs>5
Histological grade
1.064 0.638 0.821-1.375
Ivs1l vs 111
Clincail stage
1.983 <0.01 1.361-2.888
I and II vs III and IV
Metastatic of lymph node
4.658 <0.01 2.978-7.286 12.877 <0.01 5.063-32.752
Yes vs No
Distant metastases
5.731 <0.01 3.766-8.720 4.139 <0.01 2.569-6.669
Yes vs No

tH T MAGE-As 72 M8 AH O L ], AN AE i e 4H 27
s I, DR A 224 e 4 e gk N e £ 2 40 T I
W, MAGE-As 3 R A4 W] gk W, b L HE I MAGE-As
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