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prognosis evaluation

The prognosis of pancreatic cancer (PC) is difficult to pre-
dict' and is extremely poor.? Studies showed that cuprop-
tosis was related to PC. The roles are not completely
understood. It is considered that IncRNAs are closely asso-
ciated with PC. We explored the relationship of curproptosis-
related IncRNAs (CRLs) with the prognosis of PC patients and
their potential role. We determined 19 prognostic CRLs
through Pearson correlation analysis and univariate Cox
regression analysis from 185 tumor samples. Subsequently,
we constructed a predictive prognosis model for PC patients
based on four CRLs and utilized the formula to calculate the
risk score. The values for the area under the receiver
operating characteristic (ROC) curve (AUC) were 0.699,
0.749, and 0.824 at 1 year, 3 years, and 5 years, respectively,
which suggested that our risk model showed good predictive
ability. Besides, we found the potential regulatory pathways
by enrichment analysis, obtained the differences in immune
microenvironment and drug sensitivity in different risk
groups, and found that drug sensitivity in the high-risk group
of other drugs was significantly lower. The prognostic model
can accurately evaluate the prognosis for PC patients. These
CRLs were related to the immune microenvironment, which
can become underlying biomarkers for PC prediction,
immunotherapy, and drug therapy.

We first obtained a dataset of PC from the TCGA data-
base, which included 185 tumor samples. Based on previous
studies, 19 cuproptosis regulators (ATP7A, ATP7B, DBT,
DLST, FDX1, GCSH, GLS, LIAS, LIPT2, MTF1, NLRP3, PDHAT1,
PDHB, SLC31A) were selected for univariate Cox regression
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analysis, and 121 CRLs were identified (selection criteria: |
Pearson R| > 0.4 and P < 0.001) (Fig. 1B and Table S1), and
the correlation between them is shown by the Sankey dia-
gram (Fig. 1A). The 19 CRLs were analyzed by LASSO-Cox
regression (Fig. 1C, D), and MIR223HG, C1QTNF1-AS1,
CASC8, PAN3-AS1 were selected to construct prognostic
models by “Corplot” collaborative screening (Fig. S2B).

We further analyzed the differences between the two
groups in terms of risk score distribution, survival status,
and survival time by dividing the patients into high-risk and
low-risk groups according to the median risk score (Fig.
S1A—l). The heat map showed that CASC8 exhibited
significantly higher expression while MIR223HG, C1QTNF1-
AS1, and PAN3-AS1 exhibited lower expression in the high-
risk group. Previous studies also proved that CASC8
expressed higher in pancreatic adenocarcinoma tissues
with more advanced grades and T-stages, and PAN3-AS1
expression dropped as detected by real-time PCR.>* In
contrast, in the low-risk group, the opposite pattern of
gene expression was observed.

To further validate our model, we performed a survival
analysis for both risk groups. The Kaplan—Meier survival
curve showed that patients in the high-risk group had
significantly worse clinical outcomes (Fig. 1E, F) and shorter
progression-free survival than those in the low-risk group
(Fig. 1H). We also performed ROC analysis, which showed
that the AUC values were 0.699, 0.749, and 0.824 at 1 year,
3 years, and 5 years, respectively (Fig. 11), and our risk
model showed better predictive power than other clinical
characteristics (Fig. 1J). Moreover, the validation results
from the ICGC dataset showed that the AUC values were
0.772, 0.683, and 0.650 at 1 year, 3 years, and 5 years,
respectively (Fig. S2A). This indicates that the prediction

2352-3042/© 2024 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co., Ltd. This is an open access
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://crossmark.crossref.org/dialog/?doi=10.1016/j.gendis.2024.101409&domain=pdf
www.sciencedirect.com/science/journal/23523042
http://www.keaipublishing.com/en/journals/genes-diseases
https://doi.org/10.1016/j.gendis.2024.101409
https://doi.org/10.1016/j.gendis.2024.101409
http://creativecommons.org/licenses/by/4.0/

Rapid Communication

pralve Hazard ratio
LNCO2SS3 0025 0.388(0.170-0.887)
ALITSET 0045 0.196(0.040-0.962)
STIGALS-AS1 0045 0.086(0.008-0.950)
AC083209.1 0039 0.100(0.011-0:859)
ACOS03483 0017 0313(0.120-0812)
ACOT0I751 0,045
TRAF3IP2-AS10.044

Cuproptosis Cuproptosis

ATPTA
P78
BT
oLsT
Fox1
cosH
s
Las

0365(0.136-0.979)
0.138(0.020-0.948)
0030(0.001-0.803)
0362(0.140-0.938)
0.199(0.050-0.803)
0547(0350-0.855)
0075(0.007-0.898)
0207(0047-0.902)

SUGTIPA-STRAGST
SENCR 003
ACO27097.1 0,023
MR2ZIHG 0008
CIQTNF1-AS10041
CEP250-AS1 003
ACO09119.1 0,014
LNCOZ041 0044
AcOBTSON4 0,022
cascs o019
ACO25048.4 0,045
PAN3-AS1 0006

uPT2
MTF1
NLRP3
PDHAT
POHB
sieatat

1.353(1.008-1.816)
0085(0.006-0670)
1.564(1.077-2272)

e i
: ‘ficf.‘fig?. i
\';':‘/';,- it

)
Al \l'

0345(0.122-0.976)
0230(0.080-0.659)

IncRNA

E Risk == High isk == Lowrisk F Risk == High risk = Low risk

0.001

002000010452 p o |

, c D
—t 0t e 17 T e 1ottt 1 dos 432
—
[ — .
———
——!
——i
L —|
! 2
— 2
—) 2}
|
[ 3
L m— S8
—
—_—— TP e
Yot
—— 3
—— ! .
0.01 0.1 1 10 ke 2 -6 =~ k3 - = 7 -6 -4 3 2
Hazard ratio bl Log(t)
G Risk = High risk - Low isk H Risk = High risk == Low risk
1.00 100
g
5 g o7
3 3
= 050 &=
5 050
g 5
3 3
025 H
< =3 0.25-
p<0.001 g p<0.00
&
000 i
T 1z 3 i % [
o 1 2 3 4 5 6 ¥ 8
Time(years) Time(years)
gHohrski 83 48 12 5 1 1 0 0 0 g 5 % & 4 1 B & 6
@ Low risk. ;R -
B e Tlowisk| 94 56 20 13 8 4 1 10
Time(years) o 1 2 3 e (‘y ot 7 8
K L
poit
| S )
Gendt H 2 l
Stage @ 11
s
Age n ;ﬂ;%f & ,[ T
=% C 2 S [
Gra > !
) g <
5 I+ -
- o g o ]
(<] G s
o
Tota points s Y = 1-year
. ) o — 3
16RO GR T o {0 2o Wo I W0 t 3-year
0424 2 5-year
e T T T

K] K
: g
2 om0 2 os
s 5
& é
0.25-
025 p<0.001 p=0.002
000 000
3 T 7 3 7 3 5 ] 7] [ ]
Time(years) Time(years)
gHondsk 4 28 4 3 1 1 o gHghisk3 2 8 2 0 0 0 0 0
o Low rish k{ 45 34 1 5 3 2 1 o Lowrisk{ 49 32 13 10 7 5 3 1 []
] 7 2 3 3 3 6 1 2 7] [ ]
Time(years) Time(years)
I J
o e —
@ @
S S
> @ ©
s £ <1
3 3
2
& I 3 =4
“— Risk, AUC=0.699
984 o Age, AUC=0.540
— AUC at 1 years: 0.699 S —— Gender, AUC=0.435
AUC at 3 years: 0.749 Grade, AUC0.598
—— AUC at 5 years: 0.824 7 2 5
S 1 o ||/ —— Stage, AUC=0.483
T T T T T T S
T T T T T T
99 92 0% 08 08 20 00 02 04 06 08 10
1- fi
Spectily 1-Specificity
Figure 1

o8 oBT 001 T T T

L] 0.0 02 04 06 08 1.0

Prttutine> 34,

7

P g Nomogram-predicted OS (%)

Construction and validation of a predictive prognosis model of pancreatic cancer based on cuproptosis-related IncRNAs.

(A) The results of co-expression of cuproptosis-related genes and cuproptosis-related IncRNAs. (B) The results of Cox regression
analysis with red representing high-risk IncRNAs and green representing low-risk IncRNAs. (C) LASSO regression screening of
cuproptosis-related IncRNAs. (D) Trajectory of each independent variable. (E) Overall survival (OS) in the training group. (F) OS in
the test group. (G) OS in all groups. (H) Progression-free survival (PFS) in all groups. (I) The 1-, 3-, and 5-year area under the
receiver operating characteristic (ROC) curve (AUC) (J) The ROC curves representing risk scores and other clinical features. (K) The
prognostic nomogram. (L) Calibration plot of predicted outcomes of 1-, 3-, and 5-year OS in patients.

performance of our model is good. In addition, the results
of univariate and multivariate Cox regression analyses
showed that the risk score had independent prognostic
significance (Fig. S2C, D), and the risk score showed higher
consistency compared with clinical characteristics such as
age and gender (Fig. S2E). The prognostic model was
further validated in all groups, training group, and test
group. Principal component analysis showed that the
expression level of CRLs could distinguish between the
high- and low-risk groups (Fig. S3A, B), which indicated that
the risk-scoring model constructed had high accuracy.
Next, we constructed a nomogram using gender, tumor
tissue stage, age, tumor tissue grade, and risk score to
predict the overall survival of PC patients (Fig. 1K). The
calibration plot showed that the predicted overall survival
was in good agreement with the observed 1-, 3-, and 5-year
overall survival, indicating that the nomogram had good
prediction performance (Fig. 1L). We then compared the
survival status of patients with high and low risk in different
stages of PC. The results showed that the survival time of
the high-risk group was significantly lower than that of the
low-risk group in stage I-ll patients, but there was no sig-
nificant difference in stage Ill-1V patients (Fig. S2F, G).

In addition, GO and KEGG enrichment analyses were
performed to explore potential regulatory pathways (Fig.
S3D, E), and a heat map was used to show the changes in
immune function in different risk groups (Fig. S3F). The
results showed that the expression level of immune func-
tion in the high-risk group was lower than that in the low-
risk group. We also explored the genetic mutational profile
of PC patients by selecting 15 potential mutational regu-
lators in PC. In the high-risk group, regulator mutation was
found in 176 out of 195 samples (90.26%) and TTN and TP53
mutations were the most frequent (Fig. S3G), and in the
low-risk group, regulator mutations were observed in 148
out of 166 samples (89.16%) and TTN mutation was the most
frequent (Fig. S3H).

Our study demonstrated variances in the sensitivity of 22
chemotherapeutic drugs at semi-inhibitory concentration
IC50, as well as a correlation with risk scores (Fig. S4). By
utilizing the pRophetic algorithm, we constructed a boxplot
illustrating the disparity in IC50 sensitivity between low-risk
and high-risk individuals for these drugs (Fig. S5). The re-
sults showed that epothilone B and thapsigargin were
negatively correlated with the risk score, indicating that
patients in the high-risk group were more sensitive to these
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drugs, and for other drugs, the sensitivity of the high-risk
group was significantly higher than that of the low-risk
group. Our findings provide valuable insights into immuno-
therapy and medication decisions for PC patients.

Our study also has certain limitations. Firstly, only 19
cuproptosis regulators were used to obtain the CRLs, which
is not enough for the full understanding of the relationship
between cuproptosis and PC. Secondly, external datasets
are required to validate our conclusion. Thirdly, there are
lack of relevant basic experiments to verify the targets and
conclusions of our screening, which needs further research
in the future. But in general, in this study, we identified
cuproptosis-associated IncRNAs in PC. Based on four CRLs,
our prognostic evaluation model could predict the prognosis
of PC patients accurately. CRLs identified in our studies
were related to the microenvironment. At the same time,
these CRLs could be potential biomarkers for predicting
overall survival in PC patients. This study can provide
certain reference value for exploring the role of cuprop-
tosis in PC, new insights for using cuproptosis-related
IncRNAs to predict the prognosis of PC patients, and valu-
able views for immunotherapy and drug strategy of PC.
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