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Abstract: Background: The proteins CDK4 and CDK6, which are extremely homolo-
gous, control cell cycle entry. For the treatment of breast tumors that include hormone re-
ceptors, CDK4 and CDKG6 inhibitors have been authorized. The link between CDK4 and
liver hepatocellular carcinoma (LIHC), however, has not yet been established.

Objective: The study aimed to explore the link between CDK4 and LIHC and the effect
of CDK4 inhibitors on LIHC.

Methods: In this study, we have evaluated CDK4's prognostic relevance in LIHC using
data from The Cancer Genome Atlas (TCGA). The relationship between clinical-patho-
logic features and CDK4 expression has been evaluated using the Kruskal-Wallis test,
the Wilcoxon signed-rank test, and logistic regression. We have analyzed CDK4 and fac-
tors related to the prognosis of HCC using the Kaplan-Meier technique and multivariate
Cox regression. Gene set enrichment analysis (GSEA) identified CDK4-related critical
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Results: Poorer overall and disease-specific outcomes were linked to high CDK4 expres-

sion in HCC patients. GSEA suggested that CDK4 and immune response are closely con-
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ing to ssGSEA. Both in vitro and in vivo, the anti-tumor efficacy of CDK4 inhibitor has
been found to be superior to that of sorafenib.

Conclusion: This study suggests a relationship between CDK4 and immune infiltration
and prognosis in HCC. Additionally, a CDK4 inhibitor may have anti-tumor properties
against hepatocellular cancer.
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1. INTRODUCTION

According to the estimates for global cancer inci-
dence, mortality, and prevalence (GLOBOCAN) 2020,
hepatocellular carcinoma (HCC) is the third most fre-
quent cancer and the sixth most common cause of can-
cer-related deaths. The early asymptomatic nature of
HCC makes early diagnosis difficult, and it is very re-
sistant to standard chemo- and radiation; thus, the prog-
nosis is still dismal [1]. Sorafenib, a multikinase inhibi-
tor, is the first approved targeted treatment for HCC pa-
tients. RAF-kinase, PDGF, and VEGF receptors are all
inhibited by sorafenib [2]. Cell division and prolifera-
tion are decreased when the Raf signaling cascade
(MAPK/ERK pathway) is blocked by Raf kinase inhibi-
tion [3]. Tumor angiogenesis and cell proliferation are
suppressed by blocking signal transduction at the
PDGF receptor (PDGFR, VEGFR-1, VEGFR-2, and
VEGFR-3), which also uses the Raf signaling cascade
[4-6]. With the approval of new first- and second-line
agents, as well as the acceptance of immune check-
point inhibitor-based therapies as the standard of care
in recent years, the treatment landscape of advanced he-
patocellular carcinoma has become more diverse than
ever [7-9]. However, the overall survival period is still
not ideal, and new drugs must be developed further.

Serine/threonine protein kinases called CDKs are
activated when regulatory cyclins attach to them, and
in other situations, when different protein kinases phos-
phorylate them. Because they are important in regulat-
ing the cell cycle, CDK1, CDK2, CDK4, and CDK6
have been proposed as potential targets for cancer treat-
ment [10, 11]. Both CDK4 and CDK6 (CDK4/6) are
cyclin-dependent serine-threonine kinases that interact
with D-type cyclins to phosphorylate the RB tumor
suppressor protein in response to mitogenic or pro-pro-
liferative stimuli [12]. This phosphorylation triggers
RB's release from E2F transcription factors, allowing
E2F to activate the transcription of the genes necessary
for the advancement of the G1-S phase cell cycle, and
ultimately cellular proliferation. The constitutive acti-
vation of cyclin D-CDK4/6 is the main mechanism be-
hind carcinogenesis in several cancer types [13].

Although the present investigations of the capabili-
ties of CDK inhibitors in HCC are in the preclinical
stage, there is evidence that CDK inhibitors alone or in
conjunction with other chemotherapeutic drugs are use-
ful in the treatment of cancer [13]. The FDA has autho-
rized the use of abemaciclib, a selective cyclin-depen-
dent kinase (CDK) 4 and CDKG6 inhibitor, as a treat-
ment for breast cancer [14]. Additionally, HCC and
CDK overexpressions were discovered to be related,
which supports the idea that this novel agent would
work well against HCC [15].
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2. MATERIALS AND METHODS

2.1. Preprocessing and Data Collection

The Cancer Genome Atlas (TCGA) database was
utilized to collect RNA-Seq data for 374 HCC patients
as well as 50 normal tissues on gene expression, relat-
ed patients' clinical data, and immune system infil-
trates for hepatocellular carcinoma (HCC) patients [16,
17]. Then, utilizing the TCGA's publication standards
(https://www.cancer.gov/about-ci/organization/ccg/re-
search/structural-genomics/tcga/using-tcga), we trans-
formed RNAseq data from FPKM to TPM while retain-
ing clinical and RNAseq data.

2.2. Immunohistochemistry (IHC) Staining

IHC pictures of CDK4 protein expression in tissues
of healthy liver and LIHC were retrieved from the Hu-
man Protein Atlas (HPA) (http://www.proteinatlas.
org/) [18] and examined to assess variations in CDK4
expression at the protein level.

2.3. Differentially Expressed CDK4 Analysis

The expression data (HTseq-Counts) were divided
into high and low expression groups based on the me-
dian CDK4 expression level and then evaluated using
an unpaired Student’s t-test within the DESeq2 R pack-
age (3.6.3) [19]. [logFC|<1.5 and adjusted p<0.05 were
set as the cut-off criteria for the differentially ex-
pressed genes (DEGs).

Protein expression analysis was performed on the
Clinical Proteomic Tumor Analysis Consortium (CP-
TAC) dataset using the UALCAN tool (http://ualcan.
path.uab.edu/analysisprot.html) [20]. The levels of CD-
K4 total protein and phosphoprotein expression in pri-
mary and normal tissues were evaluated.

2.4. Enrichment Analysis

The ClusterProfiler package in R (3.6.3) was used
to carry out the functional enrichment analysis for
gene ontologies (GO) and the gene set enrichment anal-
ysis (GSEA) [21]. The DEGs between high and low
CDK4 expression levels were studied. GO analysis in-
cludes cellular components (CC), molecular functions
(MF), and biological processes (BP). GSEA is a com-
putational tool for detecting if a previously determined
set of genes has harmonious variations in two biologi-
cal states as well as statistical significance [22, 23].
The normalized enrichment score (NES) and adjusted
p-value were also used to sort the enriched pathways in
each phenotype. C2.Cp.v7.2.symbols.gmt (curated)
was chosen as the KEGG pathway's reference gene set;
gene ontology's C5.all.v7.2. symbols.gmt was chosen
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as the reference gene set for GO terms [24]. Gene sets
with a high rate of false discovery (FDR) were also
chosen.

2.5. Immune Infiltration Analysis

The GSVA package in R was used to execute ss-
GSEA in order to extensively examine the immune in-
filtrates of CDK4 in the research that has been pub-
lished and investigated the association between CDK4
and the distinctive genes of 24 different immune cell
populations [25]. The immunocyte infiltration between
the groups with high as well as low CDK4 expression
was examined using both the Wilcoxon rank-sum test
and the Spearman correlation.

2.6. Protein-protein Interaction Network

The search tool for the retrieval of interacting genes
database (http://string-db.org) and the Cytoscape soft-
ware (version 3.7.2) [26, 27] were utilized to evaluate
both the functional interaction between proteins and
the protein-protein interaction (PPI) network of co-reg-
ulated DEGs [28]. In our investigation, 0.7 was the
combined score threshold for interaction. Each protein
relationship pair in the database achieved a thorough
score ranging from 0 to 1. The higher the overall score,
the more reliable the PPI relationship was considered.

2.7. Cell Lines

HCC cell lines, Huh7 and HepG2, were purchased
from the Cell Bank of the Type Culture Collection of
the Chinese Academy of Sciences. All cells were
routinely cultured in DMEM (Invitrogen) supplement-
ed with 10% fetal bovine serum (FBS; Life Technolo-
gies, New York, USA) in a humidified incubator con-
taining 5% CO, at 37°C.

2.8. Subcutaneous Tumor Models

The growth inhibitory activity of abemaciclib (50
mg/kg/day, po) and sorafenib (30 mg/kg/day, po) was
assessed on the HCC cell line (Huh7). The IC,, value
of the drugs was determined prior to evaluating their
growth inhibitory activity. Cell viability was deter-
mined after three days of incubation with the CCK-8
reagent [29, 30]. The xenograft subcutaneous cell line
models were prepared as follows:

The human HCC cell line (Huh-7) was grown in
Dulbecco’s modified Eagle’s medium (DMEM),
which was supplemented with 10% fetal bovine serum
(FBS) and 100 units/mL penicillin/streptomycin. The
combination was incubated in standard conditions (at
37°C in 5% CO,).
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A total of 18 4-6-week-old female nude mice were
divided into control (n = 7), sorafenib (n = 7), and abe-
maciclib (n = 7) groups. Female nude mice aged 4-6
weeks were used to create xenograft tumor models.
Huh7 cells were subcutaneously injected into the flank
of each nude mouse [29]. The mice were kept in patho-
gen-free conditions (at 22°C, 40-50% humidity, in a
12-hour light/dark cycle). The width and length of sub-
cutaneous tumor volumes were measured from the
sixth day, every 5-6 days, until 22 days. Tumor vol-
ume was measured by multiplying tumor length by
half of the square width of the tumor [31, 32]. Tumors
were dissected and weighted after sorafenib and abema-
ciclib administration. Subcutaneous tumors were re-
moved from the nude mice after 22 days of sacrificing
the mice. The tumor weight and body weight of the
mice were then recorded.

2.9. Western Blot Analysis

Huh7 and HepG?2 cell lines were exposed to abema-
ciclib at concentrations of 0, 0.1, 0.3, 1.0, 3.0, and 10.0
uM. Total cell line protein was extracted using RIPA
lysis buffer and PMSF (Thermo Scientific) according
to the manufacturers’ instructions. After centrifuging
at 13,000 g for 15 min, the supernatant was extracted
for further study. Western blots were performed using
specific anti-CDK4 (1:1000, ab243872) and anti-
GAPDH (1:10,000, ab181602) bodies. Secondary anti-
bodies and CA were purchased from Cell Signaling
Technology. The images were captured using the Gel
Dox XR system (Bio-Rad, Philadelphia, PA). The ex-
periment was repeated three times independently.

2.10. Validation Analysis

Additionally, RNAseq datasets that were retrieved
from the GEO database (http://www.ncbi.nlm. nih.gov-
/geo) were examined to compare the distinct CDK4 ex-
pressions between non-tumor tissue and HCC. Accord-
ing to the Kaplan-Meier (K-M) plotter (http://kmplot.
com/analysis/index.php?p=service&cancer=liver rnase-
q), 54 K genes can be evaluated for their impact on sur-
vival in 21 different cancer types. The databases'
sources include TCGA, EGA, and GEO. The main ob-
jective of the tool is the discovery and validation of sur-
vival biomarkers using meta-analyses. To examine the
correlation between CDK4 expression and the days of
HCC patients' survival, which were represented in K-
M survival plots [33], CDK4 was entered into the K-M
plotter. Statistical significance was determined by the
log rank p-value of 0.05.
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2.11. Statistical Analysis

To process the statistical information from TCGA,
R 3.6.3 was utilized. The expression levels of CDK4 in
HCC and the healthy group were compared using the
Wilcoxon signed-rank tests and Wilcoxon rank-sum.
The association between CDK4 expression and the
severity of clinicopathological factors was examined
using Welch one-way ANOVA. This was followed by
the Bonferroni correction or t-test. Univariate logistic
regression, normal and adjusted Pearson’s tests, and
the Fisher’s exact test were used to investigate the ef-
fect of the clinicopathological factors on CDK4 expres-
sion. Additionally, we employed Cox regression analy-
sis, both univariate and multivariate, to investigate the
predictive significance of CDK4 expression along with
other clinico-pathological variables on overall survival
(OS). The effectiveness of CDK4 as a prognostic tool
was evaluated using the K-M curve. By using univari-
ate Cox proportional hazard regressions, the individu-
al's hazard risk (HR) for overall survival (OS) and dis-
ease-specific survival (DSS) were estimated. Each indi-
vidual factor's HR was estimated (CI) by measuring
the HR with a 95% confidence interval. The pROC
package was used to carry out the receiver operating
characteristic (ROC) analysis of CDK4. The calculated
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area under the curve (AUC) value ranging from 0.5 to
1.0 showed a 50%-100% discrimination ability. The
CDK4 prediction of the HCC outcome at 1, 3, and 5
years was assessed using the time-dependent analysis
of the ROC curve. When two-tailed p<0.05, all statisti-
cal tests were deemed significant.

3. RESULTS

3.1. Clinical Characteristics

The pathologic stage, tumor status, gender, T stage,
N stage, M stage, residual tumor, histologic grade,
Child-Pugh grade, OS event, vascular invasion, age,
AFP (ng/ml), and BMI were all included in the 374
HCC patients' clinical data (Table 1). The current
study examined 121 females and 253 males in total.
The outcome of the Fisher's exact test revealed a signif-
icant correlation between CDK4 and OS event (p =
0.023); the chi-square test result revealed CDK4 to be
significantly associated with T stage (p = 0.019), histo-
logic grade (p = 0.004), and tumor status (p = 0.031).
The Wilcoxon rank-sum test revealed a significant cor-
relation between CDK4 and BMI (p = 0.022) and AFP
(ng/ml) (p <0.001). Other clinicopathologic characteris-
tics did not significantly connect with CDK4 expres-
sion.

Table 1. Demographic and clinicopathological characteristics of patients with hepatocellular carcinoma in the TC-

GA-LIHC high and low CDK4 expression groups.

Characteristics Low Expression of CDK4 High Expression of CDK4 p-value
n 187 187 -
T stage, n (%) - - 0.019

Tl 102 (27.5%) 81 (21.8%) -
T2 44 (11.9%) 51 (13.7%) -
T3 36 (9.7%) 44 (11.9%) -
T4 2 (0.5%) 11 3%) -
N stage, n (%) - - 0.624
NO 122 (47.3%) 132 (51.2%) -
N1 1 (0.4%) 3 (1.2%) -
M stage, n (%) - - 0.622
MO 135 (49.6%) 133 (48.9%) -
M1 1 (0.4%) 3 (1.1%) -
Pathologic stage, n (%) - - 0.178
Stage I 96 (27.4%) 77 (22%) -
Stage II 43 (12.3%) 44 (12.6%) -

(Table 1) contd....
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Characteristics Low Expression of CDK4 High Expression of CDK4 p-value
Stage III 35 (10%) 50 (14.3%) -
Stage IV 2 (0.6%) 3 (0.9%) -
Tumor status, n (%) - - 0.031
Tumor-free 113 (31.8%) 89 (25.1%) -
With tumor 67 (18.9%) 86 (24.2%) -
Gender, n (%) - - 0.507
Female 57 (15.2%) 64 (17.1%) -
Male 130 (34.8%) 123 (32.9%) -
Residual tumor, n (%) - - 0.215
RO 171 (49.6%) 156 (45.2%) -
R1 6 (1.7%) 11 (3.2%) -
R2 1(0.3%) 0 (0%) -
Histologic grade, n (%) - - 0.004
Gl 35 (9.5%) 20 (5.4%) -
G2 98 (26.6%) 80 (21.7%) -
G3 47 (12.7%) 77 (20.9%) -
G4 5 (1.4%) 7 (1.9%) -
Child-Pugh grade, n (%) - - 0.205
A 125 (51.9%) 94 (39%) -
B 9 (3.7%) 12 (5%) -
C 0 (0%) 1 (0.4%) -
Vascular invasion, n (%) - - 0.491
No 112 (35.2%) 96 (30.2%) -
Yes 54 (17%) 56 (17.6%) -
OS event, n (%) - - 0.023
Alive 133 (35.6%) 111 (29.7%) -
Dead 54 (14.4%) 76 (20.3%) -
Age, median (IQR) 62 (53, 69) 60 (51, 68.75) 0.292
BMI, median (IQR) 25.28 (22.41, 28.9) 23.88(21.01, 27.88) 0.022
AFP (ng/ml), median (IQR) 7(3,43) 38 (7.5, 2068) <0.001

3.2. Differential Expression Analysis of CDK4 in
HCC

Analyzing the TCGA HTSeq count data of CD-
K4-related genes revealed a total of 951 DEGs. There
were 94 downregulated genes and 857 upregulated
genes among them. A volcano plot was used to display
the DEGs' expressions (Fig. 1A). Between the normal
and LIHC groups, CDK4 expression was considerably

higher in tumors than in normal tissue, according to
the unpaired and paired different expression analyses
(Figs. 1B, C). The heat map in Fig. (1D) depicts the re-
lationships between 25 genes and CDK4. Using the
large-scale proteome information made accessible by
the CPTAC dataset of the National Cancer Institute,
we evaluated CDK4 at the protein level in addition to
transcription. Fig. (1E) shows that LIHC tumor tissue
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had considerably greater levels of total CDK4 protein
expression relative to normal tissue (p<0.001). Additio-
nally, we evaluated the IHC results from the HPA
database and contrasted them with TCGA's CDK4
gene expression data. Data from these two databases

Aso- B — C 71

-Log4q (P.adj)

IN
L

The expression of CDK4

The expression of CDK4
Log, (TPM+1)
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were analyzed, and the findings have been found to be
in agreement with one another. While tumor tissues dis-
played medium or strong CDK4 IHC staining, normal
liver tissue displayed negative or moderate staining
(Fig. 1F).

Log, (TPM+1)

CPSF6
MAPKAPKS
RAB35
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Fig. (1). The results of DEG analysis. (A) The volcano plot of RNAs with differential expression. (B, C) The different CDK4
expressions between the LIHC and the normal group. (D) The heatmap of the 25 genes with CDK4 correlation. ***p < 0.001.
(E) CDKA4 total protein level in healthy tissue and primary LIHC. CPTAC was used to extract and evaluate protein data. ¥**p
< 0.001. (F) Images of CDK4 immunohistochemistry in tumor and normal tissues are compared. Significantly more CDK4 pro-
tein has been found to be expressed in LIHC. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).
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Fig. (2). The significance of CDK4 in HCC prognosis. (A-C) The predictive value of CDK4 in HCC OS, DSS, and PFS. (D)
Diagnostic ROC curve of CDK4. (E) Time-dependent ROC curve of CDK4. (4 higher resolution / colour version of this figure

is available in the electronic copy of the article).

3.3. Prognostic Value of CDK4 in LIHC

To assess the predictive value of CDK4 in the OS
of HCC, the survminer program in R was used to cre-
ate the K-M survival curve. HCC patients were dis-
tributed into high- and low-expression groups based on
the median value for CDK4 expression. Poorer OS
[HR = 1.73 (1.22-2.45), p = 0.002], DSS [HR = 1.97
(1.25-3.09), p = 0.003], and PFI [HR = 1.66
(1.24-2.22), p = 0.001] were found to be strongly corre-
lated with the high expression group (Figs. A-C). The
ROC analysis of CDK4 validated the score's diagnos-
tic efficacy (AUC = 0.878, 95% CI: 0.842-0.915) (Fig.
2D). The ability of CDK4 to predict OS in 1, 2, and 3
years was further assessed using a time-dependent
ROC analysis (Fig. 2E).

High CDK4 expression was also linked to lower
overall survival in the G1 and G2 subgroups of histo-
logic grade [HR = 1.79 (1.14-2.80), p = 0.012], G3 and
G4 subgroups of histologic grade [HR = 1.81
(1.01-3.22), p = 0.045], T1 and T2 subgroups of T

stage [HR = 1.62 (1.03-2.57), p = 0.038], T3 and T4
subgroups of T stage [HR = 2.34 (1.34-4.08), p =
0.003], NO subgroup of N stage [HR = 1.70
(1.10-2.64), p = 0.018], MO subgroup of M stage [HR
=1.75 (1.13-2.70), p = 0.012], and stage III subgroup
of pathologic stage [HR =2.69 (1.46-4.94), p = 0.001]
(Figs. 3A-G).

3.4. Associations between CDK4 Expression and
Clinicopathologic Variables

The Welch’s t-test demonstrated a substantial corre-
lation between CDK4 expression and the T stage and
pathologic stage (Figs. 4A, B). The expression of CD-
K4 was found to be significantly linked with the histo-
logic grade according to the Wilcoxon rank sum test
and the OS event according to the t-test (Figs. 4C, D).
CDK4 was substantially linked with the T stage (p =
0.02), tumor status (p = 0.024), histologic grade (p =
0.032), and pathologic stage (p = 0.055), according to
a logit regression analysis (Table 2).
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Fig. (3). The prognostic value of CDK4 in the different subgroups. (A-G) Different subgroups showed higher CDK4 expres-
sion to be linked to worse OS. (4 higher resolution / colour version of this figure is available in the electronic copy of the arti-

cle).

3.5. Immune Infiltration and CDK4 Expression Cor-
relation

The relationship between the ssGSEA score for im-
mune cell infiltration and CDK4 expression levels in
TPM format was investigated using the Spearman cor-
relation. Infiltration of Th2 cells has been found to be
highly linked with CDK4 expression (Spearman R =
0.480, p<0.001) and was higher in the CDK4 high-ex-
pression group (p<0.001), as shown in Figs. (5A, B).
According to Figs. (SC, D), the degree of cytotoxic
cell infiltration was significantly lower in the CDK4
high-expression group (p<0.001) and showed a strong-
ly negative correlation with CDK4 expression (Spear-
man R =-0.277, p<0.001).

Additionally, CDK4 has been found to be positive-
ly associated with T helper cells, TFH, NK CD56
bright cells, aDC, macrophages, eosinophils, Th1 cells,
and Tcm. A negative connection between CDK4 and

pDC, DC, Th17 cells, Tgd, neutrophils, TReg, CD8 T
cells, and NK cells has been observed (Fig. SE). These
findings demonstrated CDK4's critical contribution to
immune infiltration in HCC. The degree of correlation
between the ratios of the 24 immune cell subpopula-
tions that infiltrate tumors was assessed using a
heatmap (Fig. SF).

3.6. DEGs Functional Enrichment Analysis

The results of the GO analysis showed that the
DEG-related CDK4 significantly regulated comple-
ment activation, classical pathway, humoral immune re-
sponse mediated by circulating immunoglobulin, com-
plement activation, blood microparticle, immunoglobu-
lin complex circulation, immunoglobulin receptor bind-
ing, immunoglobulin complex, antigen binding, chan-
nel activity, mineral absorption, and neuroactive li-
gand-receptor interaction (Fig. 6A).
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Table 2. Logistic regression analysis of the correlation between CDK4 expression and clinicopathological characteris-
tics.

Characteristics Total (N) Odds Ratio (OR) p-value

T stage (T2, T3, and T4 vs. T1) 371 1.628 (1.082-2.458) 0.020

N stage (N1 vs. NO) 258 2.773 (0.350-56.463) 0.380

M stage (M1 vs. M0) 272 3.045 (0.384-61.986) 0.338

Pathologic stage (stage II, stage III, and stage IV vs. stage I) 350 1.512 (0.993-2.308) 0.055
Tumor status (with tumor vs. tumor-free) 355 1.630 (1.069-2.494) 0.024
Gender (male vs. female) 374 0.843 (0.545-1.300) 0.439

Age (>60 vs. <=60) 373 0.781 (0.519-1.173) 0.234

BMI (>25 vs. <=25) 337 0.653 (0.423-1.003) 0.052

Residual tumor (R1 and R2 vs. RO) 345 1.723 (0.662-4.784) 0.273
Histologic grade (G2, G3, and G4 vs. G1) 369 1.913 (1.068-3.512) 0.032
Adjacent hepatic tissue inflammation (mild and severe vs. none) 237 1.253 (0.750-2.101) 0.390
AFP (ng/ml) (>400 vs. <=400) 280 4.490 (2.464-8.524) <0.001
Child-Pugh grade (B and C vs. A) 241 1.921 (0.795-4.834) 0.151

Vascular invasion (yes vs. no) 318 1.210 (0.762-1.924) 0.420

Fibrosis Ishak score (1/2, 3/4, and 5/6 vs. 0) 215 1.298 (0.735-2.313) 0.371
Prothrombin time (>4 vs. <=4) 297 0.882 (0.534-1.450) 0.620

Albumin (g/dl) (>=3.5 vs. <3.5) 300 0.909 (0.530-1.562) 0.729

Race (Black or African American and White vs. Asian) 362 0.887 (0.585-1.343) 0.571
Weight (>70 vs. <=70) 346 0.700 (0.457-1.069) 0.099

Height (>=170 vs. < 170) 341 0.834 (0.540-1.284) 0.410
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Fig. (5). The findings of the research on the link between CDK4 expression and immunological infiltration. (A) The associa-
tion of CDK4 expression with Th2 cells. (B) Th2 cell infiltration in various CDK4 expression groups. (C) Expression of CD-
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Fig. (6B) shows the CDK4 network and potential
co-expression genes in CDK4-related DEGs.

Immunoglobin complex, immunoglobulin complex
circulation, and immunoglobulin complex receptor
binding were all positively linked with high levels of
CDK4 according to the GSEA analysis in GO terms
(Fig. 6C). High levels of CDK4 were oppositely linked
with the activities of the monocarboxylic acid
catabolic process, cellular response to copper ion, and
alpha-amino acid catabolic process (Fig. 6D).

3.7. CDK4 Inhibitor has an Obvious Killing Effect
on HCC Cells

The IC,, value of abemaciclib for Huh7 and HepG2

cell lines was 4.03 and 2.70 umol/L (uM), respective-
ly. The IC,, value of sorafenib for Huh7 and HepG2

was 10.83 and 7.59 uM, respectively (Fig. 7A). Abema-

ciclib showed higher efficacy and lower IC,, value
than Sorafenib. Western blot analysis showed that with
the increase in abemaciclib concentration, the expres-
sion of CDK4 in hepatoma cell lines decreased more
significantly (Fig. 7B).

3.8. The Anti-tumor Effect of CDK4 Inhibitor is
Better than that of Sorafenib In vivo

A lower tumor volume was observed in abemaci-
clib group compared to sorafenib or control groups
(Figs. 8A, B, and D). Furthermore, the tumor weight in
both sorafenib and abemaciclib groups was lower than
the control group (»p<0.001, p<0.01), and the tumor
weight in abemaciclib group was lower compared to
the sorafenib group(p<0.05) (Fig. 8C); also, there was
no significant difference in body weight of mice (Figs.
8 and S1).
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4. DISCUSSION

In HCC patients, CDK4 has been observed to be
significantly expressed and linked to a number of ad-
vanced clinical characteristics (OS event, T-stage histo-
logic grade, tumor status), implying that CDK4 needs
additional clinical validation as a possible prognostic
and diagnostic marker. The role of CDK4 in HCC was
further examined in GSEA using TCGA data. CDK4
can interact with CCND1, CDKN1B, CCND2, CD-

KN2C, RB1, CDKN2B, HSP90AA1, CCND3, PCNA,
and CDKN2D, according to the PPI network. All these
proteins are closely related to cell cycle regulation. Ac-
cording to GSEA, immunoglobulin complex circula-
tion, immunoglobulin complex receptor binding, and
immunoglobulin complex are all essential for the devel-
opment of immune complexes. A possible involvement
of CDK4 in the immune response during the carcinoge-
nesis of HCCs has been hypothesized.
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To explore the link between CDK4 expression and
immune infiltration levels in LIHC, ssGSEA and Spear-
man correlation were used. Our findings showed that
the expression of CDK4 exhibited an important posi-
tive association with Th2 cells and T helper cells, as
well as a strong-to-moderate correlation with Thl
cells, macrophages, Tth, aDC, and NK CD56 bright
cells. Our results suggest that CDK4 overexpression
may cause a shift in the Th1/Th2 balance toward Th2,
which is important in HCC metastasis [34]. Th2 cells
are responsible for the production of apoptotic factors
and influence the recruitment of macrophages and
eosinophils into tumors [35, 36], where they produce
cytotoxic factors. Moreover, Th2 cells cause IL-5 hy-
persecretion, which connects Th2 cells and eosinophils
in their anti-tumor function [37]. Numerous cancer-re-
lated pathways can be activated by IL-4 generated by
Th2 cells [38]. The cells have the ability to develop in-
to Th1 and Th2 cells and control humoral immune reac-
tions [39]. The research mentioned above leads us to
the conclusion that CDK4 overexpression may cause
an immune infiltration in the development of HCC.

Cytotoxic cells, pDC, DC, Th17 cells, Tgd, neu-
trophils, TReg, CD8 T cells, NK cells, and CDK4 have
been found to involve an inverse relationship. NK cells
and other cytotoxic cells are essential for anti-tumor
immunity. NK cells have a significant role in innate im-
mune defense against malignancy [40]. Through the
differentiation of cytotoxic T cells, CD8" T cells exhib-
it cytotoxic activity against tumor cells [41]. DCs,
notably pDC, play a crucial role in the immune sys-
tem's ability to fight cancer [42]. IFN-I generated by
pDC exhibits effective anticancer properties [43].
Th17 cells, which are crucial for tumor immunity and
predict a poor prognosis in LIHC, were tightly connect-
ed to neutrophils [44, 45]. The development of LIHC
may be facilitated by the decreased activity of those im-
mune cells. Since CDK4 and those prognostic indica-
tions were related, CDK4 was inferred as a potent prog-
nostic biomarker in HCC.

Furthermore, it was discovered that the CDK4 in-
hibitor may effectively decrease the expression of CD-
K4 in hepatoma cell lines and display greater tumor cy-
totoxicity and a lower 1C;, value than sorafenib. Addi-
tionally, CDK4 inhibitors can significantly reduce the
tumor size and weight of transplanted hepatocellular
carcinoma in nude mice.

Overall, the research presented here provides a thor-
ough analysis of the part CDK4 plays in HCC progres-
sion, which can help in understanding the mechanisms
underlying HCC. Clinical research is necessary for in-
vestigating the relationship between the expression of

Current Medicinal Chemistry, 2025, Vol. 32, No. 2 355

CDK4 and clinical characteristics, such as the HCC
stage and prognostic value, as it may help identify nov-
el markers for tracking the evolution of the tumor, ad-
vancing medication development, and enhancing treat-
ment methods.

CONCLUSION

In summary, there is an inverse correlation between
CDK4 and immune infiltration in HCC, and CDK4 is a
potent predictive biomarker in HCC. Additionally, in-
hibiting the expression of CDK4 may result in a more
effective anti-cancer effect in HCC both in vitro and in
vivo, providing a new therapeutic target for HCC.
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