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Heterogeneity analysis of pancreatic cancer and identification of molecular subtypes of

tumor cells based on CEACAMS5, LGALS1 and CENPF gene expression
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Abstract: Objective To explore the heterogeneity of pancreatic cancer and new methods for tumor cell molecular subtyping
and identify the signature genes in pancreatic cancer progression. Methods Based on the single-cell sequencing data of 16
pancreatic cancer tissues from the GSE155698 dataset, the single pancreatic cancer cells were classified according to EPCAM
gene expression after preliminary clustering, re-clustering, and subgrouping to identify the signature genes, followed by
pathway enrichment analysis and pseudo-time analysis. The key genes identified were validated using the clinical and tissue
gene and protein expression data from 179 pancreatic cancer patients and 171 healthy controls. The impact of CEACAMS,
LGALSI, and CENPF on proliferation, migration and invasion of pancreatic cancer cells were analyzed. Results Analysis of
48 570 cells from 16 pancreatic cancer samples revealed a total of 22 clusters, including 5 clusters of pancreatic cancer cells,
which were classified into Subtype 1, Subtype 2, and Subtype 3, each exhibiting distinct gene expression patterns and
functions. The signature genes were enriched in negatively regulated protein metabolic processes, ferroptosis, and antigen
processing and presentation-related pathways in Subtype 1 pancreatic cancer cells; in peptide synthesis processes, translation,
and ribosome-related pathways in Subtype 2; and in ATP metabolic processes, glycolysis/gluconeogenesis, and cell cycle-
related pathways in Subtype 3. Subtypes 2 and 3 were potentially derived from Subtype 1, and Subtype 3 possibly represented
the final developmental stage of pancreatic cancer cells. The key signature genes (CEACAMS5, LGALSI1, and CENPF) also
exhibited different expression patterns in the developmental trajectory and showed high expressions in pancreatic cancer in
association with poor prognoses. In pancreatic cancer cells, downregulation of CEACAMS5, LGALS1, and CENPF significantly
inhibited the proliferation, migration, and invasion abilities of the cells (P<0.05). Conclusion Pancreatic cancer cells exhibit
significant heterogeneity, and CEACAMS5, LGALSI,
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Fig.1 Initial clustering of pancreatic cancer primary tumor cells. A: UMAP clustering of single
cells from pancreatic cancer primary tumor tissue. B: Identification of differentially expressed

genes among different clusters.
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Fig.2 Identification and analysis of tumor cells in pancreatic cancer primary tumor tissue. A: Expression of the
tumor marker EPCAM in different cell clusters. B: UMAP clustering of extracted tumor cells.
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Fig.3 Molecular feature analysis of different subtypes of pancreatic cancer cells. A: Heatmap of gene expression in different
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gene expression.
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Fig.6 Analysis of gene expression and clinical relevance in different tumor subtypes. A: Relationship between
CEACAMS5 gene expression and survival prognosis of pancreatic cancer patients. B: Relationship between LGALS1 gene
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knockdown. E: qRT-PCR analysis of PANC-1 cells with siRNA-mediated CENPF knockdown. F: qRT-PCR analysis of PANC-1
cells with siRNA-mediated LGALS1 knockdown. *P<0.05.
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Fig.9 Effect of CEACAMS5, CENPF and LGALS] on pancreatic cancer cell proliferation in vitro. A: CCK8 assays were used to assess the
viability of BXPC-3 cells transfected with si-CEACAM. B: CCK8 assays were used to assess the viability of PANC-1 cells transfected
with si-CENPF or si-LGALSI. C: EdU assays were used to assess the proliferation of BXPC-3 cells transfected with si-CEACAM (x200).
D: EdU assays were used to assess the proliferationof PANC-1 cells transfected with si-CENPF or si-LGALS] (x200). E: Histogram of
the results of EAU experiments. *P<0.05.
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3 iFig

TR R S S B P = T A R GE g, %
il PR T B AN R BT80S 5 EAE R R AN TR
PR BTN R AR 4 AR 1 & B i A v
AREEA e AN RIS R A, 5 [R5 MRa 4 e o
AR A 53 JE A AN R AE Y D REr
YA HY , fe 2 S EOUPRR I 1 B B S b RS
R AT IR & R R T AR AR AR, e
YRR R, FTREA B IIRITITRL . SR
T, R & et R b BTl K AR SR L
BRI R T I . PRI, S 5 R R 5
TR RAE LR T8 TR E 7538, XS s
HIRGHEIZ T R MR T 7 22l e A R S

R R PR GO P DR A R 4 g AR DG BT
AEAAEL | e AR 20 M S A B Al e R[]
AR () T 240 LR S 2R B %) 2 S IR IS in 1 T i e
S TE L FRATIXT 16 R4S 48 570 M4t

ToMT I B30, AN RO 22 B, FOP A 5 S B
JERHRAEA AL o ebIg T35 A = e 240 STV 114 4 52
S AT B B BHA LA R Ay 22 S 3 Rt
AR TR ) BT T 25 & o
FoHTRIFS R , A AR A R T AR A e
JRRHIE S 501 5 46 T A S RIs  SL R 7 TR 2 BT
Y, H IR A RS B R — AR 2
SEEIE A P B R S X e A R A A RN Y
1 RS V1 ARl A 7o 7 e A Ui 120 s e U )
KA TAYE Lo A Bl R R AN A T A A oy
B, FRATRIN T 33 R 1 P 2 FIE Y 3, 3
RGP EA 58 A R R FE R Fak iR T ag . 7Y 2
FIDIEAL 3 AT R f Y 1 & ik, 7Y 3 W] B2 AR
TR R B IR ZOIRAS . WY 1 AR An i 5 28 AR
IR TORTT ARBET IR S A A DG 5 A 2
JEE R AN AL RS B R B RIS R S AT 5
A 3 AR AN S ATPAR I AR A A A A




+ 1576

J South Med Univ, 2023, 43(9): 1567-1576

http://www.j-smu.com

FIANM A A R DG . X SR AR R ] B
SRR AN A RN R B, H B AR S ST L5
TR ZRTGPEEDIRE A S A S 2 B A [
PRIFE 2R AR T RE SRR AR AR 19 2 JRE

JERRIEATE 2 SR R s S 2 A BE R R R R
AR RE R A TR AL R A (IR 1 X L TR
FEIR R AR AT BE TR 5 ST Y & Jre sl s 4 AL D e )
Ak, T A TR] B4 B st 2007 B9 , EZH2
B 3o 2 SR ) GATAG 77 R A S A 1) g
HERY FEFHH SUMO S S M 6 T T Bt —F
1R 2B I 7 Y AT BB AT BT TR T AR . AT
FEFE RURN B, 11 2836 2 11 24 2 345 W TR0 1) SRR i I
CEACAMS5 . LGALS1.CENPF 75 [ i v i3 263k
HE5EBEWARBUG I, 50 R R 1E 3 H
CEACAMS5 LGALS1.CENPF ik i i 7e & F L
IR TR . DR RO SE R 1 S A AT
FIRIE T A TR FRATIS5 R 48 CEACAMS
LGALS1,CENPF 45 JCERRRAF 3 DR 78 F i i A ) e
AR AT REA YRR, RTREVE 2 R AN R B B
FERIRITHES

25 A AR FH 20 A 25 oA T
T A BT DU RIS SRR R R, S T R 2
JAE A Rt A B AN [R)E RRUAR [R] ORE A E I RE , T4t &
I REEAS LR S A E S B B TR (R R, AT
Tk R 9 200 B %) 3 b 7 S AR HG O B AR AE 3 R 2
CEACAMS5 . LGALS1.CENPF, Jf-7Elf RAEA Fh AR LIGIE
52 AN RIS MR A itk R AR IRIR I, HoA o
e NGlENER

S 3

[1] Goral V. Pancreatic cancer: pathogenesis and diagnosis[J]. Asian Pac
J Cancer Prev, 2015, 16(14): 5619-24.

[2] Chu LC, Goggins MG, Fishman EK. Diagnosis and detection of
pancreatic cancer[ J]. Cancer J, 2017, 23(6): 333-42.

[3] Tempero MA. NCCN guidelines updates: pancreatic cancer [J]. J
Natl Compr Canc Netw, 2019, 17(5): 603-5.

[4] Gupta R, Amanam I, Chung V. Current and future therapies for
advanced pancreatic cancer( J]. J Surg Oncol, 2017, 116(1): 25-34.

[5] Klein AP. Pancreatic cancer epidemiology: understanding the role of
lifestyle and inherited risk factors [J]. Nat Rev Gastroenterol
Hepatol, 2021, 18(7): 493-502.

[6] Peng JY, Sun BF, Chen CY, et al. Single-cell RNA-seq highlights
intra-tumoral heterogeneity and malignant progression in pancreatic
ductal adenocarcinomalJ]. Cell Res, 2019, 29(9): 725-38.

[7] Neuzillet C, Tijeras-Raballand A, Ragulan C, et al. Inter- and intra-
tumoural heterogeneity in cancer-associated fibroblasts of human
pancreatic ductal adenocarcinomalJ]. J Pathol, 2019, 248(1): 51-65.

[8] Grant TJ, Hua K, Singh A. Molecular pathogenesis of pancreatic
cancer{J]. Prog Mol Biol Transl Sci, 2016, 144(2): 241-75.

[9] Yao WT, Maitra A, Ying HQ. Recent insights into the biology of
pancreatic cancer| J]. EBioMedicine, 2020, 53(2): 102655.

[10] Torres C, Grippo PJ. Pancreatic cancer subtypes: a roadmap for
precision medicine[J]. Ann Med, 2018, 50(4): 277-87.

[11] Hosein AN, Huang HC, Wang ZN, et al. Cellular heterogeneity
during mouse pancreatic ductal adenocarcinoma progression at
single-cell resolution[J |. JCI Insight, 2019, 5(16): €129212.

[12] Milan M, Diaferia GR, Natoli G. Tumor cell heterogeneity and its
transcriptional bases in pancreatic cancer: a tale of two cell types and
their many variants[J . EMBO J, 2021, 40(13): e107206.

[13] Chiorean EG, Coveler AL. Pancreatic cancer: optimizing treatment
options, new, and emerging targeted therapies [J]. Drug Des Devel
Ther, 2015, 9: 3529-45.

[14] Erin H, Kathrina OM, Sherman Mara H. Fibroblast heterogeneity in
the pancreatic tumor microenvironment[ J]. Cancer Discov, 2020, 10
(5): 648-56.

[15] Vaish U, Jain T, Are AC, et al. Cancer-associated fibroblasts in
pancreatic ductal adenocarcinoma: an update on heterogeneity and
therapeutic targeting[ J . Int ] Mol Sci, 2021, 22(24): 13408.

[16] Flowers BM, Xu H, Mulligan AS, et al. Cell of origin influences
pancreatic cancer subtype[J]. Cancer Discov, 2021, 11(3): 660-77.

[17] Juiz N, Elkaoutari A, Bigonnet M, et al. Basal-like and classical cells
coexist in pancreatic cancer revealed by single-cell analysis on
biopsy-derived pancreatic cancer organoids from the classical
subtype[J]. FASEB J, 2020, 34(9): 12214-28.

[18] Chan-Seng-Yue M, Kim JC, Wilson GW, et al. Transcription
phenotypes of pancreatic cancer are driven by genomic events
during tumor evolution[ J]. Nat Genet, 2020, 52(2): 231-40.

[19] Patil S, Steuber B, Kopp W, et al. EZH2 regulates pancreatic cancer
subtype identity and tumor progression via transcriptional
repression of GATAG[J]. Cancer Res, 2020, 80(21): 4620-32.

[20] Biederstiddt A, Hassan Z, Schneeweis C, et al. SUMO pathway
inhibition targets an aggressive pancreatic cancer subtype [J]. Gut,
2020, 69(8): 1472-82.

[21] Cao DIJ, Song QQ, Li JQ, et al. Opportunities and challenges in
targeted therapy and immunotherapy for pancreatic cancer [J].
Expert Rev Mol Med, 2021, 23: e21.

[22] Qian YZ, Gong YT, Fan ZY, et al. Molecular alterations and targeted
therapy in pancreatic ductal adenocarcinoma[J]. J Hematol Oncol,
2020, 13(1): 130.

[23] Tao J, Yang G, Zhou W, et al. Targeting hypoxic tumor micro-
environment in pancreatic cancer[J]. ] Hematol Oncol, 2021, 14(1):
14.

(4 - AN ET)



