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Construction and Validation of A Prognostic Model for Nasopharyngeal

Carcinoma Based on Endoplasmic Reticulum Stress-Related Genes

WANG Yue', YU Guodong®
(1. Department of Clinical Medicine , Guizhou Medical University, Guiyang 550004, China;
2. Affiliated Hospital of Guizhou Medical University, Guiyang 550004, China)

Abstract: [Purpose] To construct and validate a prognostic model for nasopharynx cancer(NPC) based on the ex-
pression of endoplasmic reticulum stress(ERS)-related genes.[ Methods ] The expression of ERS-related genes in
NPC were screened from MsigDB and Genecards databases. Univariate Cox regression and LASSO regression were
used to construct a NPC prognosis-related risk score model based on these genes. The model was validated with
external datasets. In addition, clinical data and risk scores were applied to construct nomogram model to explore
the relationship between risk scores and immunotherapy response. Finally, the expression and function of NPC
characteristic genes were explored by qRT-PCR.[Resulis] A total of 1 631 ERS-related genes were obtained, a-
mong which 167 ERS-related genes were differentially expressed in nasopharyngeal tissues, with 26 up-regulated
and 141 down-regulated. Five genes with statistical differences were screened out. Among them, the expression
level of SPAGS, P4AHTM, MLF1 and GOLGA2 in NPC tissues was lower than that in normal nasopharynx tissues,
while the expression level of GADD45A in NPC tissues was higher than that in normal nasopharynx tissues. A risk
score model was constructed based on these 5 ERS related genes. Risk score=(1.597xGADD45A +1.202xSPAG8+
1.309xP4HTM+1.47xMLF1-1.586xGOLGA2). The area under receiver operating characteristic curve (AUC) of the
risk score model for predicting 1-, 2-, 3-year survival of NPC patients was 0.756 9, 0.809 3, and 0.718 7, re-
spectively. B memory cells in high-risk group was significantly lower than that in low-risk group (P<0.001), and the
proportion of dendritic cells activated in cell infiltration was significantly higher than that in low-risk group (P<
0.05). According to the results of qRT-PCR, the expression level of ERS-related genes SPAGS, P4HTM, MLFI
and GOLGA2 in NPC tissues was lower than that in pericancerous tissues (P<0.05), and the expression level of
ERS-related gene GADD45A in NPC tissues was higher than that in pericancerous tissues (P<0.01). [ Conclusion ]
The risk score model of 5 ERS-related genes based on GEO database and nomogram models could predict the
prognosis of NPC patients accurately. It has certain reference value for NPC prognosis assessment and screening of
high-risk groups, and has certain guiding value for immunotherapy of NPC patients.

Subject words: nasopharyngeal carcinoma; endoplasmic reticulum stress; risk score model; immunotherapy
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DA J5 ) s o RS AR B, 2 S RN 0 b AR
MR 2 A A, rs 58, N
RE VR AL 52 Z2 b5 ) DAL ZR 520, A0 5 DX 2 R 4 i
PRSIV, X Rl T A0 L P B 1 B AR A S, Ok
SN BT 0 R IROIR A o bR A R R TR A AR
BBk Z KRS AR RN AL 4 0 % < A
FURRFR T aE . 45 1Y i 8 GO 358 00 1A J5 9 v 1 2
JoT I A Bk, S B0 5 R TP A R T & 4 ST (un-
folded protein response, UPR)FH 225 PN JiT I WL (en-
doplasmic reticulum stress, ERS)"2' #F 5 & B A4 i
TeA P AR AR S T B S 518 PE ERS M EE N B
1M ERS fith % 1 73 4% 2% 4% 50 UPR AH OGP 1 (1 4
A2 2 T e X A M R 2 W . B IR T R A
IR IT R

5 WA 9 (nasopharyngeal cancer,NPC) /& 2 i T
S B I R T, PRI B B B R AR
FRAE ST I T0%NPC 85 112 i O Uk A b,
H AT 14 J0 B A 200 NPC 312 W Fn i s 100
2o P 1 08 A2 W 23 7 Bn AR W 0T R R
R, A BT NPC B2 W A Al NPC

sponse (92 1>) M 5 HE K AR B4R 5 4% Genecards %148
T %% ERS A CHE K (ERS 8 591 4~ .UPR 3 827
AV F B AH OC 20 8055 19 ERS AHOC LA
B JE B DL A Bl e v g ERS A OG5 RO 4R
HEAT IR EE 0 HT
1.2 ETFHEFHASHH ERS HXEREE NPC &KX
%A

A R &S M “limma” L%} GSE12452 % #s 4
AT 22 S BRI IR ST . i 2 [LogoFC (fold-change)l>
0.585 [A] B ¥ /2 P<0.05 45119k 22 7 335 ERS #
KHEEA, A R 5 1 “ggplot2” | “pheatmap” Fll
“gobiplot” L% 5% ik ERS A5 K A9 Bl vE 47
AT AL B
1.3 REFHERNHESIIE

FIH R A4 P “survival” 43 X 22 55 F 15 19 ERS
A 26 3 A ] GSE102349 %4l #2{ &% NPC #E A
PR T W AR AR BAE s A B AT BRI R Cox
[T 53 A, $R 45 P EL AT 95% 15 X 6], % P<0.05 1Y

Table 1 Clinical information for GSE102349 data[n(%)]

N . Total Di 1 Last follow-
5, DA 2497 B 20T 7 NPC 3R Feature (n=01?3) lseas(en};rlog)resslon as(n(; 7(;;’ up
AR T ERS MH G HE WM & Y Morphology

NPC TS KU 40480 15 25 A %) 3@ Mixed(Round & Spindle) 41(36.3) 4(25.0) 28(38.9)
R SRR SR | S AR ) iy Nt eveluted 109 X X
n S5 80 1 T s O i i Undifferentiated , round 36(31.9) 6(37.5) 22(30.6)
B Pl LR FHLTI NPC ATy differentiated, spindle  13(11.5) 2(12.5) 6(8.3)
J5, HAEBFIHiES NPC #HJBAHCHAY)  Differentiated 10(8.8) 2(12.5) 8(11.1)
I FhREY), BAb B XT NPC SRS 4]l Missing 12(10.6) 2(12.5) 8(11.1)
S K 1 3K RIS AT RN HE A3 Stafe saa) . .
B, WEPFIX NPC BEMRIEATTRA 2(1:8) 0 2(218)
BAENE, || 41(36.3) 7(43.8) 32(44.4)
\Y 25(22.1) 7(43.8) 15(20.8)
Missing 40(35.4) 2(12.5) 18(25.0)

1 #REFE

1.1 HIEEFEMRE

GEO ¥ i T #1533 GSE102349 7 44l £ , 44
A113 ] NPC FEA i PR AR B A S B 25 (B V5 I
6] B 73 ] (Table 1), F#GSE12452 %4 4 |, ik
10 1 1E 5 S EFEAAL 31 45 NPC, I R1R B A2 5 220
oA, T 2ERAER KRBT (Table 2), #f
MsigDB %4 % i 2 HALLMARK _unfolded_protein_
response (113 /1>) . REACTOME_unfolded_protein_re-
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Table 2 Clinical information from GSE12452 data[n(%)]

Feature GSE12452(n=41)
Stage
T, 12(29.3)
T, 5(12.2)
5 4(9.8)
Missing 20(48.8)
WHO histology
A 16(39.0)
B 15(36.6)
Missing 10(24.4)
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FEDIUAE 5 P o AR DG A B R R AR A
“forestplot” @ 2 il Z& MK &, K H  “survival” Fl
“survminer” % il 7 5 ERS AH )¢ % A ) Kaplan-
Meier (K-M)4:£7 12k, “egpubr” 42 2 i ERS AH
PR 2 IR AR 20

T HNE Cox 717 ERS AH I | i — 2
I R AL glmnet /4% 22 SCHHER EE LASSO [
B B ARl e L N B R KU PP 4 58 1) )
(e SN CINE S |- 1 B PN S vti g g o= NN 5l s
FEAR 5 XU D7 43 19 057 B0Ks NPC R 35 43 Sk v I XL
S, R R A H “ggsurvplot” 4 4 il i AU 21
HEAFINZR  “ggplot” I T2 il JXURS: DF- 43 ith Ze A A= A7 AR
AHOT I, I FFH “pheatmap” 2 il w5 1% XU 2H & 57
AU V3 A5 AU B DR ) 3R R BT T “time ROC™ 44
221l Z A TAERHIE (receiver operating characteris-
tic, ROC) 42,

GSE12452 llfi R A% B AT 481 0 WA 43039, O
TEYIE R A R 48 TCGA-HNSC BEAT KU
PSR ) B IE
14 IGKEAFHEGFSHMRE TS ESR

X GSE102349 i /R {7 B A7 i — 20 A3 v
o R o3 S AR AL RN A AL SR B ATV
2l AR AUBS T B AL I H “ggsurvplot” £ 2 il 4%
A e RXURSE: 2H A= A7 it 2 T ggboxplot™ £, 222 1l 73 8]
s AU P73 () A =
1.5 REEIFS filE REFEN S IERTI & ERE

G 2 B AE g 2 v Tz 1 T S N RN 2
Wr o XU v XU TE 0 4330 s BSR4 7 L [
RKMEZHZE Cox FIHAHT, A H R FK A “forestplot”
A2 il BRAR L, “survival” ARG EABLAY A4 HE XS T
g3 o3 R BT 3 ARSI LR AT IR T 1.2
3 AR R IR AE LR, LUK 55 51 £k &1 1) Tt fig
1.6 RBGZH 8 %=

X NPC A e A AU 20 34E 47 S 328 50 43 A,

H Cibersort 537 1530 v I XU 20 1Y) 4 73 240 i 3= 31
Hefil, P<0.05 N2 5+ BA geit e X
1.7 REFS5RERTT

Z:7% Hu 45 F W FL 3 H 32 3k 1) fe 28 46 A i
FEPA AR i 0] 43 i v AR RURS: 2, 1 < ggboxplot” 42
2 RS RS 2 0 XU PP o B A S 4% TMv-
gior210 Bl A HEAT I IE . A “ ggsurvplot™ 1. 25 il &
IRV 20 A= 7 ith 26, 1 F1 H “ ggboxplot”™ £ 43 41 A~ [A]
R WU A KR PE 53, s FH TIDE 238 4 9%
KA o
1.8 RNA REUFIEE LM EEE PCR

W B MBS B R A7 B I B2 Bie NPC i 2% 9 2H 21
59555 AR AS M8 b5 1E 7 224 ] TRIzol 1057 $2
U RNA, f#iH PrimeScript RT 7] &6 & mRNA
Wi ¥ 5% & ¢cDNA (Takara, * H ), H Ay %
(GADDA45A ,SPAG8 . PAHTM .MLF1 #1 GOLGA2) 14
P14k H SYBR Premix Ex Taq I (Takara, # ¥ ) 7¢
ABI Prism 7500 (Applied Biosystems, Thermo scientific)
Pl 34T . a-Tubulin J £ mRNA B A P X5 I8
(Table 3) . mRNA 215 BRI A% BOE Al iy 274 J5 1%
WHE. A PCR —3 3 (r it Ay, PrAi gl sr e — s
3 ittt .
1.9 SHit=z4aiE

K R 8 (version 4.1.2) 3478 087 . 7 &
IEZS A B 1T 8 ORER FIAR RO K0 3%, AFFEIE
AT TR FEORER T Wilcoxon K50, P<0.05 4 2
FAGI R,

2 # R
21 ETFHRAN ERS HXEEE NPC kit

Ay HT 3615 1 631 > ERS AHE R, Hi 167
A~ ERS fHCIE N AE SR 22 3635, L 26

Table 3 Primer sequences of five ERS-related genes

Melting temperature

Gene Forward sequence Reverse sequence (Tm,°C)
GADDA45A 5'GGACCCAGACAGCGTGGTCCTCT3’ 5'GTGACCAGGAGACAATGCAGGTCT3' 57
SPAGS8 5" ATGGAGACCACCGAGTCTACAGAG3' 5'GTCGCCCACACACACCGGTAGC3’ 57
PAHTM S5S'TTTAGTTTGGGAAGAGAAGTTTTAG3’ 5'CACCATCAACACCAAAAAATAAAC3' 68
MLF1 5'AGATGGAGAGTGTGAAGTCTGTGTG3' 5'CAATTGAGTCGCTGTCAAAACTTG3’ 57
GOLGA2 5'"AACGACCGCACTACCATC3’ 5'GGTGATCTCCATGTTCTCATTAG3’ 56
a-Tubulin 5'CACACATTGCCACATACAAAT3’ 5'AGGAAGAAGGAGAGGAATACTAA3’ 58
Jib S e R 2023 44 29 B % 9 M 769
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A, R 141 4 (Figure 1~2), PL22 533K ERS M1 5&
HH 21 PCA  (Figure 1C), B ATIX 5 NPC
FIIEH S 4121
22 REESRZEESEIE

Xt 167 4> 22 5 R 35 ERS #H G HE B 47 LA R
Cox [IH A3 H7, O 2t 1 5 D HA Geit 2 22w ik
HH SPAGS . PAHTM ,MLF1 ,GOLGA2 7 NPC 241
RIBIKFAR T IER S, i GADD45A {t NPC
LU AV FE KA 5 T IE SR ZH 2 (Figure 2), FIH 5
A 3 5 DR 2 i R AR BT ( Figure 3), 45 R 4878 4 4>
ERS #H5¢H K HR>1,1 4~ ERSRG HR<1(Table 4)
i BE 1 A 2k L R B R B 75 (least absolute
shrinkage and selection operator, LASSO ) #4 4 [ 5 5%
9 (Figure 3B), I cv.glmnet b8BT I 214 S i
N PR B REIERCH B 5 (Figure 3C), #£FiX 5 4~ ERS
Table 4 Five ERS-related genes screened by Cox analysis

DG 5 DR A 7 XU D A A8 IR A S IXURS P 23 A =X

KU B 43 =(1.597 xGADD45A +1.202xSPAGS +
1.309xP4HTM+1.47xMLF1-1.586xGOLGA2)

WA IRUBS: 7 43 1) A7 B50CHs 285 43 A e 0 XU
H, 2R A RS 43 A B R B 43 43 A 1A
(Figure 3D~3E), %453 B XU 1770 45 1Y BE 42 4 Hb
X B E RS AR AR 22 R
(P<0.01) (Figure 3E), ROC {4k 3 W 145 0 %} T 5
W AEAT G BEA —EREM, 1.2 3 FE/F
F ROC M4 T A5 5124 0.756 9.0.809 3 il
0.718 7(Figure 3F) . #EI45 R 4278 5 1> ERS #H G Kk
PR 7E IR AU B 41 NPC 4 2 i 3k KO A IR 4
) X 43 B (Figure 3G)

FIH TCGA-HNSC 4 4 Xof KUK F 43 152 70 ik 47
F, ZMHIYE TCGA-HNSC BG4 h A A7 R £ 57
3% (P=0.036) (Figure 4A), A T 438151 N 4 1]

Gene Hazard ratio P 1 RS BF 43 TC T 2 22 (Figure 4B~4C), i IV #1
COLGA2 0205(0.071~0.588)  0.013 1 NPC % I 37 4 B B0 1 T T I041(P=0.042)
SPAGS 3.327(1.287~8.604) 0.037 Fi AD
P4HTM 3.702(1.429~9.592) 0.024 (Figure 4D).
MLF1 4350(1.517~12.477) 0.022 23 mERTEHEFSHTORKEITES ZER
GADD45A 4.940(1.716~14.222) 0.013 SRR AR A4 (P=0.046) FI 1~ Wi (P=
A B Cc
,(\_i. | g :-;--.E:'.E:»_,..iv__: :__l__ ;"_iig I?; ® Normal nasopharyngeal @ NPC
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Notes:A: Volcano plot of differentially expressed genes in NPC and normal nasopharyngeal tissues
B: Heatmap of differentially expressed genes in NPC and normal nasopharyngeal tissues,with NPC tissues on the left side and normal
nasopharyngeal tissues on the right side
C: PCA analysis plotted with differentially expressed ERS-related genes
Figure 1 ERS-related genes dysregulated in NPC
770

Mg 2 2023 £ 29 %% 9 H



A
5 5 5 5 4
=
5 -
g
g =)
5
§ 5
2 8]
3¢
g |
3
3 |
?
-7 6 -5 -4 -3
Log Lambda
E
1.00
= High
- Low
EO?S
2
3
5.050
g
4
3
7]
025
p=0.00067
0.00
0 2 4
Time (vears)

Note : Norm : normal nasopharyngeal tissues

B

555555555540

0.14

013
L

Mean-Squared Error
0.15
!

sensivity
0.50 0.75 1.00

0.25

0.00

AUCof 2

AUC of 1 year survival: 0.7569
year survival: 0.8093
AUC of 3 year survival: 0.7187

0.00 025

Notes:A: LASSO gene coefficient plots
B: LASSO cross-validation curves
C,D: Distribution of patients’ survival status and distribution of risk scores
E: Survival curves of the high-risk and low-risk groups
F: ROC curves of the risk scoring model’s survival rates
G: Expression levels of five ERS-related genes in NPC tissues between risk groups

050
1 - Specifity

0.75 1.00

0 0 - - 0o
SPAG8 P4HTM MLF1 GOLGA2 GADD45A
-+ Low -+ Low -+ Low -+ Low -+ Low
=~ High =~ High =~ High =+ High =~ High
s - » » 75
g g g g g
-l
so o s ® %
£ £ £ £ £
3 a a a 3
25 25 25 25 25
HR=3.327 HR=3.702 HR=4.35 HR=0.205 HR=4804
P=2.70e-02 P=1.50e-02 P=1.20e-02 P=6.00e-03 P=60002003
o 0 0 o o
3 7 ) ] ¥ 7 T 3 )
Time(years) Time(years) Time(years) Time(years) Time (years)
¢ 2
o
- 8 3 3
- |
v, . :
= = Tw R =
s s g% s s
¥ % @ 4 =
£ £ g & £
g 3 3 & . Eg
. > o 3
g S 5 § 33 §
@
a s 3
& I &
@ B S
L 4 2 =
g
xe) & O
& & & & & & K

Figure 2 Survival analysis of differentially expressed ERS-related genes and expression levels in NPC
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A 1.00 08 C 042 D 0.6 097
HNSC -«  — | - - 7 1
== High 0.41 0.53 0.12 0.66 0.58 0.042
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X 0.41 033 0.072
o 0.75 Ll | E— e
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2| — — A |
g ® © ©
.
S 0.50
©
; o o -
- Q <}
@ - 3 8
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Eo 3.,
P=0.036 .
0.00
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Notes: A : Survival curves between risk groups in the TCGA-HNSC dataset
B~D: Box plots of risk scores for clinical subgroups

Figure 4 Validation of risk scores in independent external datasets

0.044 ) H 1) v JRURSE BF-79 IF 41 A= A7 3R A TG

1.00 1.00{ =
AU PE43 41 (P<0.05) (Figure 5~6)
2.4 RXBEVESF0IG R4S 26 IR & B 0.75 0.75 L‘]__._”‘
HE 3 .
Pa AR T H A G RFROE S, SR LA §°'5° g"s"
RMZHZE Cox [0 43 A1 56 1iF 45 21 XS . Stage IV 025 stage |-l
W vl /E S NPC 57 0 Fil s B+ (P= po0.062 - Hish Peoomd o
0.011)(Table 5~6), 0.00 0.00
W T AT NPC B BUR L T D Timegears ° rimeyears)

AR T — & e i BE2E BRI

B pF4 3 AR 1 5 2R IR, gAY 1001, 1.00
Al H AU NPC 8 A R (Figure I—a[

075 075
TA) o 5331 e B AR XU BF 43 T

NPC B TG ROC I £ AUC 23] | Eoso gos0
J90.611,0.509,0.780(Figure 7B), M4k, | @ o ? ‘
FATREIE 1.2.3 E M FI LR ER AT | % .= -
WALIILE P (Figure 7C~TE) B EMZZE | 0l Lo W e Low
W], UL PR B 4 R 2 PR EE= i E :
RWPLA R,

2.5 K B RRIRIE Figure 5 Survival analysis in clinical subgroups

NPC JRUBS V- 43 5 A 55 22 Ff 4 58 20
Mz B Bk, i ALk g S k] |
T UG 4H P B ic A2 40 i i 25 PR T X

Table5 Independent prognostic factorsby univariate Cox regression analysis

Ay IR 25 KU 2 Sk Factors Hazard ratio P

RAL(PO00L): [T 5 ML RS Stage (IV/ 1 ~1I) 2.18(0.76~6.24)  0.145
2 152 1 Hﬁﬁ%lﬁ%ﬂ:ﬂiﬁwﬁ H (P<0.05) Morphology (Undifferentiated/differentiated ) 1.06(0.24~4.74) 0.941
(Figure 8), Risk score (Low/high) 1.31(1.07~1.61) 0.009
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o BE K A {7 83 FE [ HLA-DRBI1 , TN-
FSF14 ,PDCD1 S5 7E i AR XU D7 43 21 26 35
IR A 1 35 7 22 57 (P<0.05)( Figure 9)

I IMvigor210 %5 4 5 56 1iF XU 1
S RBEIRIT UG, e KU 4 A A7 3
PEAC TR (P<0.001) (Figure 10A) , 7E
G PEIRYT R J7iE, ARKU T4 NPC AR
X RPE IR YT T R UK (P=0.043) (Figure
10B) . SRS 3743 T A8 & s 1 g ) 5%
i, AUC {64 0.624 (Figure 10C),{H TIDE
S AL F I A RUBS 4 B 38 I g G i 3
# 5 (P=0.516) (Figure 10D),
2.7 ERS #HXERE 7 NPC FRIEHH

J T HE— B 5 A ERS A OGS A
2k, T Al g qRT-PCR 4 B NPC
F s 55 4 41, SPAG8 .P4HTM ,MLF1 .GOL-
GA2 mRB TR AL, 1l GADD45A 5
FIAT NPC 44 (Figure 11),

3 4 it

XF NPC (9 7 J5 VPAS & 3 B30 97 7
(OGS I Aok Rk DR A5 98 A 1) AR
5D MR Z B T )z e, Ik
PSR 2 W TS PEAR A7 1 A P b
W R AN Y g L AR S 5 ERS
A —E W F I 5 5% TR [R) B B ) 5%

H, T EARKRREE, N5IA
ERS! | W% 3% B i J8 1 R 855 7] 15 % ERS

IR G BE KV, ERS 1A 3 KA 97 F 5T
AT 1Y ERS AH DG PR AT R DA b
Je LS A2 A AR YT 25 0 97 R0 R S R
W&, B2 ERS *Ha‘éﬁlf NPC EP
Vi R 3 R A= W b 2 ) 1V ik
HAUESE

AHESE T, S g A B AR
GSE102349, #15 167 1225 KA N
Horr BRBEER 26 4>, FIRER 141 4>, &
PR Z R HT LI 5 A4 ERS A
9 GADD45A SPAG8 PAHTMMLF 1
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Table 6 Prognostic

factors by multifactorial Cox regression analysis

Factor Hazard ratio P
Stage (IV/ 1 ~III) 2.55(0.83~7.81) 0.101
Morphology (Undifferentiated/differentiated ) 0.78(0.16~3.77) 0.754
Risk score (Low/high) 1.36(1.07~1.73) 0.011
A B -
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Figure 8 Immune cell infiltration between high risk and low risk score groups
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Figure 9 Expression of immune check loci between high risk and low risk score groups
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Figure 10 Assessment of immunotherapy prognosis by risk scores

1.00

D

P.Fisher=0.516

EENION False

16.00 | 20.00 mdE

Low

High

774

FES

ik 2023 4 % 29 % % 9 H



Relative mRNA expression

* %
1-‘ I I
*
* *
J [
CK GADD45ASPAG8 P4HTM MLF1 GOLGA2
Notes: **.: P<0.01,*: P<0.05

Figure 11 Quantification of five ERS-related genes
in NPC and paracancerous tissues by qRT-PCR
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