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Abstract : The mechanism of an autophagy-related gene ( ARG) in the occurrence and development of multiple
myeloma ( MM) was explored and a related prognostic model was established. On the basis of the MMRF and HADb
databases, the differential expression of ARGs in MM was determined by R language, the relationship between
ARGs and the occurrence and development of MM was analyzed by GO and KEGG, the multi-gene prognostic
model was established by COX regression algorithm, the survival curve was drawn by Kaplan-Meier method, and
the reliability of the prognostic model was evaluated by ROC curve. Finally, a total of 104 differentially expressed
ARGs were extracted from bone marrow samples of 764 MM patients and four normal bone marrow samples. It was
found that there were significant differences in the expression of 104 genes in MM samples, including 46 up-
regulated genes and 58 down-regulated genes. GO enrichment mainly focused on ontology annotations such as
macrophagy, autophagy regulation, and cell response to external stimuli. KEGG enrichment was mainly
concentrated in autophagy, apoptosis, NOD-like receptor signal pathway, and PI3K-Akt signal pathway. Univariate
COX analysis showed that 33 ARGs were significantly correlated with the overall survival of MM patients. Thirteen
prognostic ARGs ( NKX2-3, NCKAP1, BIRC5, PEX3, HGS, RUBCN, PARP1, ARSA, DNAJB9, HSP90ABI1,
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EEF2, FKBP1B, and CD46) were selected by multivariate COX regression to establish ARGs prognostic model for

MM. Kaplan-Meier survival curve analysis showed a significant difference in survival rate between high risk group

and low risk group (P <0.001). Multivariate COX regression analysis showed that age, ISS stage, and risk value

were independent prognostic indicators of MM patients ( P<0.005). The area under the ROC curve was 0.561,

0.685, and 0.719. The following conclusions are drawn; the ARGs prognostic model of MM can be used to predict

the survival of patients with MM, but it needs to be verified by further clinical studies.
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Table 1 Basic data of patients included in the study

I PRAFATE #1(%)

AF 1 <65 461(61.962)
>65 283(38.038)

531 % 438(58.871)
ki3 306(41.129)

1SS 43 i 262(35.215)
1§:1] 270(36.290)

IIE] 212(28.495)

& 7 %21 A&
1
3.0 F !
|
25 2 ' © STTPER PGIT e o
A %
_20¢ p R
_é 8 I o2
% L5 | zl;‘ °
2 LBS :
' 1'0 B :3'.0
05 | Ay "
0 N 1 * L
-5 0 5
log2FC
(a) ARGsZ 3£ [H K 1L &

3 iy i e o o

(b) ARGs % 5 5= [K #4 &

1 MM Z2EEHEFERSEEXREHEEART
ARGs Z RE B AL E R E
Fig.1 Volcano map and heat map of ARGs differential
genes in bone marrow samples of MM patients
and normal controls

T 2L AR 25 5 ARGs, Sk iR T MM 22 5% ARGs, R i 5R
/RTE MM B R TR 25 2R IK 1 ARGs.

2.4 DEARGs WEBFERH

X744 MG IRTE B 5 5 AR AR A T HE A7 b, fif
HI_LiA 104 /> DEARGs HLH % COX it & 8t 33 4~
ARGs 5 MM BB SR ARG, o 13 /> ARGs
ERESEER (HR>1) , F—PAHHZHER COX Rl
e 13 NS AHOE ARGs ( NKX2-3 . NCKAP1 BIRCS .
PEX3 .HGS .RUBCN .PARP1 ARSA .DNAJB9 .HSP90ABI .
EEF2 FKBP1B .CD46) , ¥ VL3 2, AR 4 &4~ 3L A Y
mRNA BT HIR: 2R E0 3R 5 1 XU A
BB AZN AR = (1.911) xNKX2-3 FKIA(H
+(—0.212) XNCKAP1 FZ3i5{H+(0.189) XBIRCS ik {H+
(-0.253) X PEX3 ik {H + (0.353) xHGS Fik{H +
(—0.493)xRUBCN 351 +(0.406) x PARP1 %3k {H +
(=0.192) ARSA ikl + (-0.199) xDNAJBY 23518 +
(0.318) xHSP0AB1 Fik{l+(—0.29) XEEF2 Fihl+( -
0.246) xFKBP1B Fik{H+ (-0.162) xCD46, %% MM &
53R v KU 4 FIAPR XU 2, Kaplan —Meier A= 47 1253
rigss, m AR 4B 3 AR R, 2 R A gt t
FEX (P < 0.001) (WK 4),



52 SRR | 55 22 P ERE UM AF G 1 Wt Ak PR 7 1 R A A 117
.95‘5"669 ° 0016235
o e -
"o % % Flianciasnigomei A e o ¥
& oS % %, IzheimeAr dis?:;z o
ey ’g.- %, p—— S
She o2 % Fapos sarcoms- S0 P
rpesvirus infection
: ~ Q \ e H
Autophagy - other: '] ® ©
© ° Hepatitis C o @ s
/ o8 o Salmonella infection @ @
3 @ g NOD-like recemorsagnah:‘g"::ln:;a: : @ >
3 & ® 3 Platinum drug resistance: ® [
g le & ] ®
g e Nectoposa : Ba
N\ o e
@ ~ = L. -l g ey 18 =
Q&Q & £ sl g caner] @ =
e"‘no( 0 ) é"é" AGE-RAGE signaling pathway in d\abel(w:; ccmpslzlcalmns- :
o ° S hagas disease
% @ st B0, U -
©o ) ° [ Apoptosis - multiple species{ ®
) ® 09 Bladder cancer{ ® 1 1
85250006 o 0.1 0.2 0.3
GeneRatio
z-score logFC
dwe? el ® downregulated ® upregulated 3 KEGG Ij] ﬁﬁfﬁ?% ﬁ*ﬁ gg %
(a) GOTIAE B HELE Fig.3 Results of KEGG enrichment analysis
D Description R AR BRI R S A Al I R S R B E ,%Qé$ﬁ1t?§ﬁﬂﬁ%ﬁ\,P<
G0:0016236 macroautophagy 0.05
G0:0010506 regulation of autophagy e
G0:0000045 autophagosome assembly , .
G0:1905037 autophagosome organization 2.5 R[.B'\?LTE E ;E\ ﬂi’. llﬁ };E ﬁ {E EI‘] 5E AL fﬁi E ﬁ *ﬁ- & b—(l,
GO0:0071496 cellular response to external stimulus 1 .
G0:0042594 response to starvation Bﬁ*ﬁa:;izj 'E Eﬁ 'I‘i 1EIZ 1E
G0:0007033 vacuole organization YA — A =] JAN
G0:0016241 regulation of macroautophagy $ % 7 *ﬁﬂ‘ m ’ MM “%‘ % E/\J ﬁiﬁ%\ A I‘i jJ[J N2 %q
GOi0031668 cellular response to extracel.lular stimulus ;Fﬂm Bﬁﬁl—j 0S ﬁ;&( P<0.05 ) R ﬁt&l\ , *Eﬁi:"i llﬁa‘ H‘iﬁ
G0:0031669 cellular response to nutrient levels

(a) GOZhRE B R Ak 5 5 B A4 7R
B2 GOLIREEENTER

Fig.2 Results of GO enrichment analysis
1 E 1D SRS GO E Bk S, 4160w AR E e rh B iR

HURFIRAF I R0 0301 50 SRR (ELE AT 22
2K COX RIS , AR 2030 XU B mT A D o

fii MM 3 i 5 09 b 7 B2 ( P<0.05, WKL 5)
ROC i & F i #4143 %) 4 0.561,0.685.0.719 ( W,

@R FIRIEA K6).,
®2 BREZMZEER COX 7HER
Table 2 Results of univariate and multivariate COX analyses
£ LAy T N ZHEERITEER

HR(95%CI) P value HR(95%CI) P value EX5
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