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Abstract: Objective To investigate the relationship between cyclin A2 (CCNA2) and the prognosis of
colon cancer, and its possible mechanism from the perspective of immune infiltration. Methods We
downloaded the transcriptome data of colon cancer patients from The Cancer Genome Atlas database.
Clinicopathological feature analysis and survival analysis were performed based on the expression levels of
CCNA2. A total of 75 specimens of colon cancer and normal tissues were collected, and the expression level
of CCNA2 was analyzed using immunohistochemical methods. Multivariate analysis was conducted to
explore its relationship with clinicopathological features. Gene Set Enrichment Analysis (GSEA) was used to
assess the potential molecular functions of CCNA2 in colon cancer. CIBERSORT algorithm was applied to
calculate the correlation between CCNA2 and immune-cell infiltration in colon cancer. Results Database
and immunohistochemical analyses indicated that CCNA2 was expressed at a significantly higher level in
colon cancer tissues than normal tissues (P<0.001). The overall survival, disease-specific survival, and
progression-free interval were all longer in the group with high CCNA2 expression than the group with low
expression (all P<0.05). In tumor tissues, the expression level of CCNA2 decreased with increased
pathological and TNM stages (P<0.05). The expression level of CCNA2 in normal tissues was consistently
lower than that in colon cancer tissues across all clinical stages (all P<0.001). GSEA suggested that Wnt/B-
catenin, KRAS, and other signaling pathways were enriched when CCNA2 was lowly expressed.
CIBERSORT analysis revealed an increase in the infiltration of immune cells such as regulatory T cells and
macrophages MO when CCNA2 expression was low. Conclusion CCNA2 is highly expressed in colon
cancer and closely associated with grade of pathology and TNM stage. It may recruit regulatory T cells
through the KRAS and Wnt/B-catenin pathways, thereby reducing immune-cell infiltration and promoting
colon cancer progression, leading to poor prognosis.
Key words: CCNA2; Colon cancer; Tumor microenvironment; Immune infiltration; Prognosis; Clinical
features; Bioinformatics analysis
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A: differences in CCNA2 expression between 453 cases of tumor
tissues and 41 cases of normal tissues; B: matching map of CCNA2
expression in the same patient.
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Figure 1 Differential expression of CCNA2 in normal and
tumor tissues in the TCGA database
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Figure 2 Immunohistochemical staining of CCNA2 in different tissues
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Figure 5 Survival curves of colon cancer patients in different CCNA2 expression groups



ADYBERH I 212025 9F 5552455548 Cancer Res Prev Treat,2025,Vol.52,No.4

* 309 -

o
W
(=]

0.251

HALLMARK_ANDROGEN_RESPONSE #
HALLMARK_IL6_JAK_STAT3_SIGNALING w
HALLMARK_INTERFERON_ALPHA_RESPONSE®
HALLMARK_MYC_TARGETS_V2 we=
HALLMARK_PANCREAS_BETA_CELLS

Running enrichment score

HALLMARK_PROTEIN_SECRETION me
HALLMARK_SPERMATOGENESIS s
HALLMARK_UNFOLDED _ PROTLIN RESPONSE m

|||;M\H "li ) '|"( ‘1 1“1;”‘“" ‘l ‘I“;“\‘ w‘ ‘i“\ n‘:" i
KN n'\ m”"u”u‘ﬂ\‘ ”h”nw)‘u ! I | ‘\ gL ‘
’ ‘\‘:1 mel ‘“‘I‘ ‘I“ f H | \H I “ H| i1 HH‘ ‘“ \l\’ H [ 1|

Ranked list metric

5000 10000 15000
Rank in ordered dataset

s}

Il
=3

|
<
S}

W= HALLMARK_APICAL_JUNCTION
w= HALLMARK_BILE_ACID_METABOLISM
wm HALLMARK _COAGULATION
= HALLMARK_EPITHELIAL_ MESENCHYMAL_TRANSITION
= HALLMARK_HEDGEHOG_SIGNALING
®= HALLMARK _KRAS_SIGNALING_DN
#= HALLMARK_KRAS_SIGNALING_UP
W= HALLMARK_MYOGENESIS
w HALLMARK_WNT_BETA_CATENIN_SIGNALING
TN TR TN YT o \ N N N1 T TR T
LI TR L TR K i b e g MIIHIIIHIHNH.’II
| \ L
| |

HI\II‘\I\ “H ‘HH‘ Il \I‘II}i i\‘ !‘IH H | \“ I HH I\‘\‘;‘ HI ﬂ‘ Il \I\ || )

I \Ih‘l1 | I\“‘l‘H 1 H‘II\ ‘\ [ II‘\IIHNI\I\I\ IilHMH/ | 1 IH‘I“ H\‘H‘HHI ‘lH \!‘\‘

Running enrichment score
\
<
~

|
<
=)

lJ H Il H\IIllHHJH I‘I \I|wllll I‘
”||‘l|l Ml | ‘x"ﬁ\'""l | il “l /

—_ N

|
—_

Ranked list metric
=

|
()

5000 10000 15000
Rank in ordered dataset

A: enrichment analysis of CCNA2 high-expression gene pathway; B: enrichment analysis of CCNA2 low-expression gene pathway.
56 COCNA2ARRIZEZEERBHREESN

Figure 6 Gene pathway-enrichment analysis based on different expression levels of CCNA2

WKITB, VEMICE B, A SFh e 4n iz %k R PR 20 i IR S E AR DG ($41P<0.05) ,

H 5CONA2F AT R PEAH G . CONA2MY £ IA
SR TR AT MO R S AR (B 3 iR

DS,

P<0.05) , SiEALMIOIRANN . BIEAiEMI, iC CCNA2JE T4 Jfu Al 3 A G, etk

f2CD4 TAINE . IEIEATBITAN N . PEMRIERIAENE . B TARDDTUER AL R R p . ol

SR} ¢0



* 310 -

AR B I 212025 55524555480 Cancer Res Prev Treat,2025,Vol.52,No.4

A 100%-

# B cells naive

* B cells memory
cells

80%- T cells CD4 naive

T cells CD4 memor

60%+ » T cells gamma

NK cells restin,
' *NK cells activated

* Monocytes

» Macrophages M0
® Macrophages M1
® Macrophages M2
# Dendritic cells restin

ive percentage

40%-

Relat

» Mast cells resting

» Mast cells activated
» Eosinophils

#» Neutrophils

20%-

0%-
groupma low =8 high

® Dendritic cells activated

T cells CD4 memory resting
. activated
» T cells follicular helper

* T cells regulatogy (Tregs)
I elta

B ns ns NS ns ns ns ¥*¥¥ * *¥**ng ng ns ns F*¥* ** ng ns ** ns ns **
0.6 .
504 . o
S .« o
E : ss “ ;
PR k
021 ) i . 5l : i: . ¥ P<0.05; **: P<0.01; ***: P<0.001; ns:
. ' ' r L .1 <t P>0.05.
i ’ ! tiee il Y BT ZREhREME L GIR
i " 11 u ii uﬂu u .ll Bl(A) R CCNA2 R [Fl R 3% 12 B ] 220
0.0 - e TEOTES TN andmREE ELREB)
» L & D, Q > Do - i i -
&’\4@&0@6}\5 QQ%&@@@ %\*Q.\@@ z,\Q@& @%% b@@é\&@@i e?% S §% '\/6%.&\&?64&0 %&\9%4&@ ~<§° &\*\% Figure 7 Heatmap of immune-cell
& gy (,Qb‘ R \q,&x\ & s & o&&&%@ @eé‘@éé‘ & & \\Gf’ & é\&%\@q infiltration proportions in colon can-
< . QS
° oé\% < &Q@\\% &@& @°?O\'\\°O§§Q\%%& cp\\% QQ@Q 8 QOQ.\\Q& Qe\% %\06 oz}\c’ = cer (A) and comparison chart of the
(9 5 -
A4 &Qoob‘ou& ¥ \&%@%&&} é%' I &\S‘&Q @q;\‘z?’\ abundance of 22 immune-cell infilt-
&&\\‘v q}\%C &o&o@ CIBERSORT Qé\ rations across different expression
V)

20 i 5 1 2 AR A M ( Cyclin-dependent kina-
ses, CDK ) fi& i 41 Jfd J& HH 4 A G 38, I+ 9815 S
DNARY A 8, M AR TIE 40 it 8 300 69 A3 e kA7,
CONAFL S U s A5 740 S S e . i . 45
HWENRZE. ¥, Bk WITTHAME, F3L
BEANRBE,

TCGABHEE5rHrig i, CCNA2FENIRE 221
FOATEE B E W TIEWAHL, FH—RERMES
TS, AT RIRIFELSIE, e U E T
55 S TCGAKUHE PRI 25 R — 8, AEF AR
CONARFIRABHA TG AR . LinSFE At o8 i
BT HMINSEE, CONATESS I 4 rh ik i
FEETIEHHLS, HCCNA2ZEL FH 545 i
BTG SRR

Il RS BEARAE AT 8 7R, &5 9 TP CCNA2Y
LR SRHE . INMAAASE, BT, 1T
KRWIT, N, Mo B4 2 CCNA2FR A
TR o AT — 2000 1 1 R VT K2 f
T BA B2 e 52490 25 i o 78 38 Bl 45 2R Wi /s CCN-

levels of CCNA2 (B)

A2FGR IR TorH . MMBARDE (P<0.05) ,
{HSNAF 10 3 A O, X T RE SRR A /N
Ko G5B TCGARE 5 1 IR e e Uk 24 53 Hr
CCNA2 545 i W gg R/« bk 45 56 4% R b
R,

GSEA/MTEH, CCNAKFETAIIA T %42
REY . LRI L . Hedgehoglm s . Wnt/B-
Catenin, KRASH {55 & 4., TumiEiE &
Y. Hedgehog(w 5l . b R [0 78 Bt AL BTG Ak
B ] 2 R E 1) & A B AR B FEES
APCEFA FE PR 2% 1T 343 Wnt/B-CateninfF 538 [
A 3 i JeE 4 At i B R B BT B AR K™, Wnt/B-Cat-
eninfF R BUE (5 58 i, 0Tk D G 58 40 i iR
0 s B e ke U, WFAT R, CCNA2FI S E
axin/GSK3M 31 &2 5 1K {8 i p—ik 31 2 I R i, HL
CCNA2FIAFRARRT, B IR AR R, 45
EARSLIGEE R, CCNA2EK B FEAKIT, Wnt/B-Cate-
ninfi 53 [ BRAE UF s ke, B o {7 28
PE. KRASTH 53 % 1l DL s2 i G 5 40 S5 4 . 9%



APTER BN 2025F 55525584 1

Cancer Res Prev Treat,2025,Vol.52,No.4

* 311 -

5=1.86¢+07, p=7.46¢-05, pSpearman=—0.18, 95%C7 [-0.27, ~0.09], ppairs=453

S=1.17¢+07, p=3.72¢-08, pSpearman=0.25, 95%CI [0.16, 0.34], pairs=453

5=2.06¢+07, p=6.17¢-12, pSpearman=-0.31, 95%C1 [~0.40, ~0.23], ypairs=453 ;
IEmme——— R i —;———-—_-——‘ = o8 ——-——'—_‘——,
0.20 : g
& £
2 o 06 g
£ 015 = 06
g 3 g '
k] 204 £ .
=0.10 £ g ;
o0
o g 204
2 0.05 <02 3 Lt -
3 = AT A RN
= 3 M .
0- 0 . 202 N
3 4 5 6 7 oo 3 4 5 6 7
3 4 5 6 7
CCNA2 CCNA2 CCNA2
5-1.35¢+07, p=3.29¢-03, pSpearman=0.14, 95%C1 [0.04, 0.23], ypairs=453 S=1.17e+07, p=3.72¢-08, pSpearman=0.25, 95%C1 [0.16, 0.34], ypairs=453 $=135¢+07, p=3.29¢03, pSpearman=0.14, 95%CI [0.04, 0231, pairs=453
0.108 : 025\(37 E— I T
4 : " (] ¢ . (]
S 0.075 0.20 g [ b
= . .
z — — . ]
£ v . s % 0.10
s ' . . $0.15 E
20,058 oo . S E
8 * < =
o Yoo . §‘ 0.10 S
£0.025 . et 2 =
2 y = 0.05- 3
a : . =
0.008 . 0. .
3 4 5 6 7 : 3 4 5 6 7
CCNA2 CCNA2
§=1.30¢+07, p=1.77¢~04, pSpearman=0.17, 95%CI [0.08, 0.27], ypairs=453 §=130e+07. p=2.56e—04, pSpearman=0.17, 95%C1 [0.08, 0.26], ypairs=453
" " 0.20' =
0.09 - 0.15
2 =2 .
'§. 0.06 - Jg:. 0.10 £
=] £ .
2 Z
= 0.03 - “0.05
: 8 CCNA258Hh %R 4 REHIE KL R
B 0 . .
0 Figure 8 Linear plots of CCNA2 and
3 4 7 3 4 7 eight types of immune cell

5 6
CCNA2

T Ak, (ol 0 Rk okt S W R, (i e 1
KR,

R PET AN A 7 8 O 5 b BELAS B e
RE, PRI &R, B0 R G O 1 Yy RE
BRI BT IRE GeE ) FEEREARRY, DFSEREH, KRAS
RASLE Wi R CD4 TR R R BEREAR, 815
PETZH IR T, ZdanovZ5 B MFSEIE , KR-
ASE FE I B DL T AT DA 2 R KT 40 A 1) 98 5
TH AL, [RIET, ¢ B 98 1 Wnt/B-Catenindl 1
AT T T AR MR, BELIT I K R v/
PETAN i I 90 ) 5 98 1 R T ACHIF 9T 45 R 42
7%, CCNA2IKFEIANTKRAS ., Wnt/p-Catenini %7
IBIGER, HETHETARIEIREIE N, CCNA2V] figid
Tt AR [ ol e e A 2 bk e e U . A Y
MO R AR Ak BSAT e IR VR FE A ML R Jirbod £ FH i)
M2EIPY G il M 4 4R, CONA2R Rk
BF, MBS REAARZIE R N . B CCNA2RIA T
B, MUY 05 200 Jf 28 0 0 />, MIOZRY 15 s 4 i 4%
%, TIREMZE i S R B M — A

B 25 B4 J 8, CONA2R) Rk B il T
W, {HIF 202 CCNA2ZE AT A T+ IV 30 i
HE1, CCNA2FKIATEBRAE ML M I e, i

N0

5 6
CCNA2

AT A ) A 22 3 246 AR, (i E 2 RS 5 oy
AR IR R S MRS R SR i R, CON-
AR AT, HOTRERZ 40 R 4, (2 0k i e
SRS, B KA TR R
SYTEIRETIN, PREERREE T, CONA2R AR
i, HTREE I KRAS . Wnt/B-Catenini B 5% i 5
REVRE, FEAEVETTPETANN, fEk i fe e ki .
P, CCNA2Z& AT vl REAR iF 1F & 2 2w i
HAVEEAR,  [FIR L F IR FR B BRI T i — 255 e s
R InEE s iR 28, RECARUS .

ZE b, AWFEIESE T CONATES a4 th i
Fik, HERBHKREHETE WA RB R, bEE
CCNA2LIAFEE R, HIiBiIKRAS, Wnt/p-Cate-
nini@ BSF R R TAIML, W/ e AR, (2
Jonde 20 M ik ket G e RO, R EUNRR R TR 28
PEREIN . CONA2E L Iy G2 IR s M 235 s F8
T, AR W BRI T T hralE .

Fam SRR
PR VEE LI R A AR 2 th 5% o
Sk

[1] Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024[J]. CA
Cancer J Clin, 2024, 74(1): 12-49.


https://doi.org/10.3322/caac.21820
https://doi.org/10.3322/caac.21820

* 312

AR B I 212025 55524555480 Cancer Res Prev Treat,2025,Vol.52,No.4

(2]

[10]

(1]

[12]

[13]

[14]

Sung H, Ferlay J, Siegel RL, et al. Global Cancer Statistics 2020:
GLOBOCAN Estimates of Incidence and Mortality Worldwide
for 36 Cancers in 185 Countries[J]. CA Cancer J Clin, 2021,
71(3): 209-249.

Siegel RL, Torre LA, Soerjomataram I, et al. Global patterns and
trends in colorectal cancer incidence in young adults[J]. Gut,
2019, 68(12): 2179-2185.

Loukil A, Cheung CT, Bendris N, et al. Cyclin A2: At the
crossroads of cell cycle and cell invasion[J]. World J Biol Chem,
2015, 6(4): 346-350.

Zhang QH, Yuen WS, Adhikari D, et al. Cyclin A2 modulates
kinetochore-microtubule attachment in meiosis Il [J]. J Cell Biol,
2017, 216(10): 3133-3143.

Chen S, Zhao Z, Wang X, et al. The Predictive Competing
Endogenous RNA Regulatory Networks and Potential Prognostic
and Immunological Roles of Cyclin A2 in Pan-Cancer Analy-
sis[J]. Front Mol Biosci, 2022, 9: 809509.

Blanchard JM. Cyclin A2 transcriptional regulation: modulation
of cell cycle control at the G1/S transition by peripheral cues[J].
Biochem Pharmacol, 2000, 60(8): 1179-1184.

Hydbring P, Malumbres M, Sicinski P. Non-canonical functions
of cell cycle cyclins and cyclin-dependent kinases[J]. Nat Rev
Mol Cell Biol, 2016, 17(5): 280-292.

Jiang A, Zhou Y, Gong W, et al. CCNA2 as an Immunological
Biomarker Encompassing Tumor Microenvironment and
Therapeutic Response in Multiple Cancer Types[J]. Oxid Med
Cell Longev, 2022, 2022: 5910575.

Wu SQ, Huang SH, Lin QW, et al. FDI-6 and olaparib
synergistically inhibit the growth of pancreatic cancer by
repressing BUB1, BRCA1 and CDC25A signaling pathways[J].
Pharmacol Res, 2022, 175: 106040.

Liu X, Liu X, Qiao T, ef al. Identification of crucial genes and
pathways associated with colorectal cancer by bioinformatics
analysis[J]. Oncol Lett, 2020, 19(3): 1881-1889.
Gonzalez-Mariscal L, Miranda J, Gallego-Gutiérrez H, et al.
Relationship between apical junction proteins, gene expression
and cancer[J]. Biochim Biophys Acta Biomembr, 2020, 1862(9):
183278.

Jiang J. Hedgehog signaling mechanism and role in cancer[J].
Semin Cancer Biol, 2022, 85: 107-122.

Lamouille S, Xu J, Derynck R. Molecular mechanisms of
epithelial-mesenchymal transition[J]. Nat Rev Mol Cell Biol,
2014, 15(3): 178-196.

[15] Liu J, Xiao Q, Xiao J, et al. Wnt/B-catenin signalling: function,
biological mechanisms, and therapeutic opportunities[J]. Signal
Transduct Target Ther, 2022, 7(1): 3.

[16] Pai SG, Carneiro BA, Mota JM, et al. Wnt/beta-catenin pathway:

i)

modulating anticancer immune response[J]. J Hematol Oncol,
2017, 10(1): 101.

[17] Kim SI, Park CS, Lee MS, et al. Cyclin-dependent kinase 2

—

regulates the interaction of Axin with beta-catenin[J]. Biochem
Biophys Res Commun, 2004, 317(2): 478-483.

[18] Guo Y, Gabola M, Lattanzio R, ef al. Cyclin A2 maintains colon
homeostasis and is a prognostic factor in colorectal cancer[J]. J
Clin Invest, 2021, 131(4): e131517.

[19] Dias Carvalho P, Guimardes CF, Cardoso AP, et al. KRAS

—

Oncogenic Signaling Extends beyond Cancer Cells to Orchestrate
the Microenvironment[J]. Cancer Res, 2018, 78(1): 7-14.

[20] Yan Y, Huang L, Liu Y, et al. Metabolic profiles of regulatory T
cells and their adaptations to the tumor microenvironment:
implications for antitumor immunity[J]. J] Hematol Oncol, 2022,
15(1): 104.

[21] Liu J, Huang X, Liu H, et a/. Immune landscape and prognostic

—

immune-related genes in KRAS-mutant colorectal cancer pati-

ents[J]. J Transl Med, 2021, 19(1): 27.

Zdanov S, Mandapathil M, Abu Eid R, et al. Mutant KRAS

Conversion of Conventional T Cells into Regulatory T Cells[J].

Cancer Immunol Res, 2016, 4(4): 354-365.

[23] Ji L, Qian W, Gui L, et al. Blockade of B-Catenin-Induced
CCL28 Suppresses Gastric Cancer Progression via Inhibition of
Treg Cell Infiltration[J]. Cancer Res, 2020, 80(10): 2004-2016.

[24] Miao X, Leng X, Zhang Q. The Current State of Nanoparticle-

[22

—

Induced Macrophage Polarization and Reprogramming Resea-
rch[J]. Int J Mol Sci, 2017, 18(2): 336.

[25] Zhang S, Tischer T, Barford D. Cyclin A2 degradation during the

-

spindle assembly checkpoint requires multiple binding modes to
the APC/C[J]. Nat Commun, 2019, 10(1): 3863.
[(#RiE: Adsde; &Xf: FEA)

{E& Sk -
B OMs: ARETE®RE. BERES S, RitFS
M. XS 5E%
ERFZE, ERR: HFESH ¥R
SR, BRUGHT. % 5e, S
PhEB. Rt FESM
REEK: AL HRF. UL
BRI AAAXITER T, FRBRERT. #IEK


https://doi.org/10.3322/caac.21660
https://doi.org/10.1136/gutjnl-2019-319511
https://doi.org/10.3389/fmolb.2022.809509
https://doi.org/10.1038/nrm.2016.27
https://doi.org/10.1038/nrm.2016.27
https://doi.org/10.1016/j.bbamem.2020.183278
https://doi.org/10.1016/j.semcancer.2021.04.003
https://doi.org/10.1038/nrm3758
https://doi.org/10.1038/s41392-021-00762-6
https://doi.org/10.1038/s41392-021-00762-6
https://doi.org/10.1186/s13045-017-0471-6
https://doi.org/10.1016/j.bbrc.2004.03.065
https://doi.org/10.1016/j.bbrc.2004.03.065
https://doi.org/10.1172/JCI131517
https://doi.org/10.1172/JCI131517
https://doi.org/10.1158/0008-5472.CAN-17-2084
https://doi.org/10.1186/s13045-022-01322-3
https://doi.org/10.1186/s12967-020-02638-9
https://doi.org/10.1158/2326-6066.CIR-15-0241
https://doi.org/10.1158/0008-5472.CAN-19-3074
https://doi.org/10.3390/ijms18020336
https://doi.org/10.1038/s41467-019-11833-2

	0 引言
	1 资料与方法
	1.1 数据整理及分析
	1.2 免疫组织化学检测
	1.3 CCNA2表达差异分析
	1.4 生存分析
	1.5 临床病理特征分析
	1.6 免疫浸润分析
	1.7 基因富集分析
	1.8 统计学方法

	2 结果
	2.1 CCNA2在结肠癌组织中的表达
	2.2 CCNA2与结肠癌患者临床病理特征的关系
	2.3 CCNA2与结肠癌患者生存的关系
	2.4 结肠癌中CCNA2相关基因信号通路分析
	2.5 结肠癌CCNA2免疫浸润相关性分析

	3 讨论
	参考文献

