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Background: The molecular mechanisms that lead to hepatocellular carcinoma (HCC), a highly common
malignant tumor, are currently unclear. In fact, while the nucleolar protein that interacts with the FHA
domain of pKi-67 (NIFK) is known to promote lung cancer progression, its specific role in HCC remains
unknown.
Results: In HCC tissues, NIFK was significantly overexpressed in comparison with normal tissues. In The
Cancer Genome Atlas (TCGA) database, NIFK expression showed a good prediction value according to an
ROC curve and it was linked to poor progression-free interval, disease-specific survival and overall
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survival. Furthermore, the level of NIFK expression in HCC was significantly correlated with tumor stage,
AFP (ng/mL), OS event, DSS event and PFI event. Based on GSEA evaluations, differentially expressed NIFK
genes exhibited enrichment for fatty acid metabolism, oxidative phosphorylation as well as cancer, cell
cycle, MAPK, TGF, WNT and NOTCH signaling pathways. The TIMER database analysis further revealed
positive associations between NIFK expression and the immune cells, such as dendritic cells, neutrophils,
macrophages, CD4+ T cells, CD8+ T cells and B cells. Also, the NIFK expression was positively correlated
with immune checkpoints (PD1/PD-L1 and CTLA4). The experimental verification determined that NIFK
knockdown could thwart HCC cellular properties of proliferation, metastasis and invasiveness.
Univariate and multivariate Cox hazard regression validated NIFK expression as an independent prognos-
tic marker in HCC.
Conclusions: NIFK has theragnostic potential as a separate prognostic factor or novel biomarker involved
in the immune infiltration of HCC.
How to cite: Cheng F, Yuan L, Wu Z, et al. NIFK, an independent prognostic biomarker of hepatocellular
carcinoma, is correlated with immune infiltration. Electron J Biotechnol 2023;63. https://doi.org/10.1016/
j.ejbt.2023.01.003.
� 2023 The Authors. Pontificia Universidad Católica de Valparaíso. Production and hosting by Elsevier

B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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1. Introduction

Liver cancer, a highly common malignant tumor, currently
ranks fourth in terms of cancer-related death, and its most fre-
quently encountered subtype is hepatocellular carcinoma (HCC),
whose morbidity and mortality seriously affect people’s health,
especially in Africa and East Asia [1,2,3,4,5]. Many risk factors,
including viral hepatitis infection, nonalcoholic steatohepatitis,
and alcohol addiction, are considered important contributors to
the development of HCC [6,7]. Despite remarkable HCC theragnos-
tic efforts, the five-year survival rates have remained unfavorable
over the past few years, mainly as a result of high rates of metas-
tasis and recurrence [8]. At present, the molecular mechanisms
behind HCC initiation and progression remain largely unclear;
hence, it is essential to explore these mechanisms to identify novel
prognostic biomarkers and therapeutic targets to develop new
forms of treatment.

Ki67, a commonly used marker of cell proliferation, plays a piv-
otal role in cancer; two-hybrid screening is used to identify the
nucleolar protein interacting with the FHA domain of pKi-67
(NIFK), wherein the FHA domain of Ki67 is used as a substrate
[9,10,11]. The binding of NIFK to this domain occurs through glyco-
gen synthase kinase GSK-3 and cyclin-dependent kinase 1, which
are two key regulators of mitosis for Ki-67, and the sequential
phosphorylation of Thr238 and Thr234 of NIFK is also necessary
for Ki-67 recognition [12]. NIFK is transcriptionally upregulated
through c-Myc and estrogen, suggesting that it may affect cell pro-
liferation [13,14]. In addition, through interplay with nucleophos-
min 1 (NPM1/B23), a versatile-functioning protein with
endoribonuclease properties, NIFK can also maintain prolifera-
tion/pluripotency for embryonic stem cells [15,16]. Moreover, dur-
ing metastasis and Ki-67-dependent cellular proliferation, NIFK
acts through CK1a/b-catenin to promote lung cancer progression
[17]. However, its potential prognostic value and biomolecular
mechanisms in HCC remain unrevealed.

Within the current study, LIHC datasets were extracted via The
Cancer Genome Atlas (TCGA) before being analyzed with an R soft-
ware package. Combined with data from an online database, corre-
lations between NIFK expression, clinical characteristics and
prognosis were examined in cases of HCC. The NIFK coexpressed
genes in the HCC cases were also analyzed to assess their signal
transduction pathways as well as biological functions. Further-
more, we investigated the immune infiltrates and immune check-
point expression levels of NIFK in HCC. Finally, experimental
verification confirmed that NIFK was implicated in HCC cellular
properties of proliferation, metastasis and invasiveness. Therefore,
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NIFK may act as a promising biomarker and therapeutic targets for
HCC.

2. Materials and methods

2.1. Human tissue specimens

We obtained 20 pairs of HCC tissues from patients undergoing
resection surgery at the Second Affiliated Hospital of Nanchang
University between March 2022 and August 2022. Informed con-
sents were signed by all patients, and the study protocol was
approved by the Ethics Committee of the Second Affiliated Hospital
of Nanchang University.

2.2. Expression and prognostic value of NIFK in HCC

The TCGA database (https://portal.gdc.cancer.gov/) was
employed to acquire transcriptome data of LIHC and its corre-
sponding clinical information [18]. We used an R package to ana-
lyze NIFK dysregulations across tumors and healthy tissues.
Furthermore, the TCGA LIHC dataset was analyzed to explore NIFK
expression in paired and unpaired HCC and normal tissues. An ROC
curve and Cox modeling were then employed to evaluate the diag-
nostic and prognostic values for NIFK within LIHC. The correlations
between NIFK expression and clinicopathological characteristics
were examined using clinical data of LIHC datasets from the TCGA.

2.3. Functional enrichment analysis of coexpressed NIFK genes

The TCGA LIHC dataset was analyzed using an R package to
investigate coexpressed genes associated with NIFK expression.
In this case, statistical correlations were tested with Pearson’s cor-
relation coefficient before drawing volcano and heatmaps through
the ggplot2 package of R software. The Gene Ontology (GO) func-
tion and Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way enrichment evaluations for coexpressed genes were then
performed by the cluster Profiler R package (version: 3.6.3) [19].
In R software, the results were visualized using ggplot2. We used
the UALCAN database (http://ualcan.path.uab.edu) [20,21] to
assess the prognostic value of NIFK coexpressed genes with strong
correlations.

2.4. Enrichment analysis of gene sets and infiltration of immune cells

The potential functions of NIFK were explored by dividing the
TCGA LIHC data into a high-expression group or a low-expression
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Table 1
The NIFK siRNA sequences are as follows.

Gene
name

Sequences

sense（5’-3’） antisense（5’-3’）

NIFK -415 GCAGCCAUCAUAUCCAUCATT UGAUGGAUAUGAUGGCUGCTT
NIFK -701 CCAGUUUGUACACCAACAUTT AUGUUGGUGUACAAACUGGTT
NIFK -126 CUCCUGGAGUAGUCUAUGUTT ACAUAGACUACUCCAGGAGTT
NIFK-NC UUCUCCGAACGUGUCACGUTT ACGUGACACGUUCGGAGAATT
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group based on NIFK expression profiles to identify differentially
expressed genes. GSEA (www.gsea-msigdb.org/gsea/index.jsp)
[14] was conducted to probe whether these genes were enriched
in important pathways. The associations between NIFK expression
and immune infiltration were then analyzed for HCC cases through
the TIMER online database (https://cistrome.shinyapps.io/timer/)
[22]. Furthermore, the links between NIFK expression and the
expression levels of immune checkpoint genes (such as PDCD1,
CD274, and CTLA4) were assessed.

2.5. Cell culture and transfection

The human HCC cell lines (HepG2, Huh-7, Hep3B, HCCLM3,
MHCC97H) and normal liver cell (HL7702) were obtained through
the Shanghai Institute of Cell Biology, China. Cell cultures were
established in DMEM (Gibco) and augmented through 10% FBS
(Gibco), together with 100 units/mL penicillin and streptomycin,
prior to incubation at 37�C and under 5% CO2. Short interfering
RNAs (siRNAs) targeting NIFK along with negative control siRNA-
NC were obtained from GenePharma (Shanghai) and used for the
transfection of HCC cells in the presence of Lipofectamine 3000
(Invitrogen) according to the manufacturer’s guidelines. The NIFK
siRNA sequences are in Table 1.

2.6. RNA extraction and real-time PCR

The total RNA was extracted from tissue samples using the TRI-
zol� reagent (Thermo Fisher Scientific) according to the manufac-
turer’s specifications. This was followed by reverse transcription
using the Prime Script RT kit (TakaraTM), with the resulting cDNA
treated with gDNA prior to amplification on an ABIPRISM 7500 aut-
ofluorescence PCR device. In this case, PCR was executed with a
SYBR Premix Ex TaqTM kit (TakaraTM) using the following primers:
NIFK: GGGCCAATCCTGTCGCTTAAT (forward) and
GTTATGCGCTTGCGAACCT (reverse); GDPAH: GGAGCGA-
GATCCCTCCAAAAT (forward) and GGCTGTTGTCATACTTCTCATGG
(reverse). The 2-DDCT methodology was employed for relative
quantification of mRNA expression profiles.

2.7. Protein extraction and western blotting

Five kinds of HCC cells, normal liver cell and 20 pairs of samples
were lysed using lysis buffer (BeyotimeTM, Shanghai, China). Total
protein concentration was obtained by BCA method. This was fol-
lowed by protein separation (30 lg) via 10% SDS-PAGE and subse-
quent transfer onto PVDF membranes. Using 5% skimmed milk,
blocking of the membranes was then carried out at 37�C for 60
min prior to overnight incubation at 4�C with primary antibodies
(NIFK, 1:1,000; Tubulin, 1:2,000; Proteintech). After washing the
membranes, incubation was performed with the secondary anti-
body, and protein bands were eventually detected through
chemiluminescence.

2.8. Transwell assays

The migration assay was performed by adding a cell suspension
(5 � 104) prepared in serum-free medium into the upper chamber.
For the invasion assays, Matrigel was diluted 1:8 to coat the mem-
brane in the upper transwell chamber prior to air-drying for 3 h.
This was followed by the addition of 5 � 105 cells (200 lL suspen-
sion) to the upper chamber, and after a 24-h (for migration) or 48-
h (for invasion) incubation, the chamber was removed and rinsed
twice with PBS. The cells within the upper layer of the microporous
membrane of the chamber were carefully wiped with a cotton
swab and used for cell fixation. This was performed in a 24-well
plate for 20 min using 4% paraformaldehyde (or 95% alcohol)
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before a 30-min staining with crystal violet solution. Photographs
were taken using an inverted microscope, three fields of view were
randomly counted per sample, and the mean values were used for
statistical analyses.
2.9. EdU assay

After culturing 5,000 cells in 96-well plates (100 lL/well) at
37�C and under 5% CO2, cell treatment was performed with EdU
reagent (Ribobio) according to the specifications of the manufac-
turer. The cells were photographed in wells using fluorescence
microscopy.
2.10. Immunohistochemistry (IHC) staining

IHC staining was performed using the standard avidin-biotin
complex method. Concentration of antibody incubation is 1:100
(anti-NIFK, Proteintech). The staining intensity and percentage of
positive cells were scored as previously described [23].
2.11. Statistical analyses

The datasets were evaluated using SPSS� 22.0 software (SPSS
Inc.TM, Chicago, IL, USA) and GraphPad Prism 7� (GraphPad Soft-
wareTM, San Diego, CA, USA). The results are presented as the means
± standard deviations. Variations across the groups were analyzed
at 5% significance levels using the chi-square test or ANOVA. Each
experiment was executed three times.
3. Results

3.1. Expression levels of NIFK in HCC

TCGA datasets were first used to analyze NIFK expression in
human tumors, and compared to corresponding normal tissues,
NIFK was significantly increased in most cancers, including liver,
colorectal, lung, head and neck, breast, gastric, pancreatic, central
nervous system, and cervical cancer and other tumors (Fig. 1A).
Considering that in China, HCC morbidity and mortality are high,
we further examined HCC cases. TCGA data confirmed that NIFK
expression was markedly upregulated within unpaired (Fig. 1B)
and paired (Fig. 1C) HCC and normal samples. These results indi-
cated that HCC progression could be linked to NIFK expression.
Therefore, the prognostic and diagnostic values of NIFK were
assessed based on ROC curves as well as Cox regression models.
The results of the ROC curves indicated that NIFK had good predic-
tive value in HCC, with an area under the curve of 0.840 (95% CI:
0.784–0.896) (Fig. 1D). Similarly, analyses based on Cox regression
models suggested that high levels of NIFK expression were linked
to worse survival results, including poorer overall survival (OS;
HR = 1.50 (1.05–2.13); P = 0.026), disease-specific survival (DSS;
HR = 1.89 (1.19–2.99), P = 0.007), and progression-free intervals
(PFS; HR = 1.53 (1.14–2.06), P = 0.005) (Fig. 1E-G).
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Fig. 1. NIFK expression and survival in HCC cases. (A) The TCGA datasets were used to analyze NIFK expression in various cancers; (B, C) HCC tissues and corresponding
normal tissues, including unpaired (B) and paired (C) samples, were compared in terms of NIFK expression; (D) ROC curve analysis of NIFK in HCC; (E) OS analysis for NIFK; (F)
DSS analysis for NIFK; (G) PFI analysis for NIFK. *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns, not significant.
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3.2. Correlations of NIFK expression with clinical outcomes

The correlations between NIFK expression and clinical charac-
teristics were also investigated by analyzing clinical data from
TCGA HCC samples. The clinical characteristics included age, sex,
T, N and M stages, vascular invasion, AFP (ng/mL), histological
grade, pathological stage, OS, DSS, and PFI events. Fig. 2A and
Fig. 2B indicated that NIFK expression had no correlation with
the age and gender of HCC patients. However, Fig. 2D showed that
NIFK expression in the N0 and N1 groups was significantly higher
than that in the normal groups. Also, Fig. 2E displayed that NIFK
expression in the M0 and M1 groups was higher than that in the
normal groups. Moreover, the results showed significantly higher
NIFK expression in the T3 and T4 groups than in the T1 and T2
groups (Fig. 2C) as well as in the stage III and IV groups than in
the stage I and II groups (Fig. 2F). Similarly, the G3 and G4 groups
had higher NIFK expression than the G1 and G2 groups (Fig. 2G). In
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addition, NIFK expression in the group with vascular invasion was
significantly higher than that in the group without vascular inva-
sion (Fig. 2H). NIFK expression in AFP > 400 group was significantly
higher than that in AFP < 400 group (Fig. 2I). In the OS, DSS and PFI
event, whether is it in the alive group or in the dead group, NIFK
expression was significantly higher than that in the normal group
(Fig. 2J-L). However, NIFK expression in the dead group was signif-
icantly higher than that in the alive group during OS event (Fig. 2J).
Furthermore, we analyzed the clinical and gene expression profiles
for HCC in TCGA before assigning patients to a high-expression or
low-expression group based on the median value of NIFK expres-
sion. In this case, theWilcoxon signed-rank test and logistic regres-
sion determined how NIFK expression was linked to clinical
characteristics (Table 2). Univariate Cox hazard regression analysis
showed that the M stage (M1), T stage (T3 and T4) and pathologic
stages (stages III and IV) as well as higher NIFK expression were
significantly correlated with poor OS in HCC patients. Moreover,



Fig. 2. Relationship between NIFK expression and clinicopathological characteristics of HCC. The relationship between NIFK expression and clinical characteristics (A)
age; (B) gender; (C) T stage; (D) N stage; (E) M stage; (F) pathologic stage; (G) histologic grade; (H) vascular invasion; (I) AFP (ng/mL); (J) OS event; (K) DSS event; (L) PFI event
were analyzed with R; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < 0.0001; ns, not significant.
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multivariate Cox analysis indicated that the M stage (M1), T stage
(T3 and T4), pathologic stages (stages III and IV) and higher NIFK
expression were also associated with poor OS. Overall, NIFK
expression was shown to be an independent prognostic factor for
HCC patients (HR = 1.956, 95% CI = 1.242–3.081, P = 0.004)
(Table 3).

3.3. Enrichment of NIFK-related coexpressed genes

By analyzing the HCC datasets in the TCGA using R software, we
identified coexpressed genes associated with NIFK expression, and
protein-coding genes were included in the study. There were 8,022
genes that satisfied the |cor| > 0.3 and P < 0.05 criteria. Using this
threshold, 7,652 and 370 genes were positively and negatively cor-
related with NIFK expression, respectively. After adjusting the
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threshold to |cor| > 0.8 and P < 0.05, only three genes, namely,
NOP58 (cor = 0.829, P < 0.05), SSB (cor = 0.811, P < 0.05) and
WDR75 (cor = 0.815, P < 0.05), showed a significant correlation
and volcano plot revealed the three genes strongly correlated with
NIFK expression (Fig. 3G). The link between these three genes and
survival in HCC was further evaluated by using the UALCAN data-
base, and these three genes were significantly correlated with poor
OS (Fig. 3H-J). A heatmap map was then produced to show the top-
ranking 50 genes for which a positive or negative association with
NIFK expression was observed (Fig. 3A-B).

The molecular mechanism through which NIFK exerts its effects
was explored by analyzing the top 200 coexpressed genes that
were positively correlated with NIFK expression. The GO function
analysis showed that coexpressed genes were primarily enriched
in single-stranded RNA binding, ribosome biogenesis, ncRNA pro-



Table 2
Correlation between NIFK expression and clinicopathologic characteristics of patients
with HCC.

Characteristic Low expression
of NIFK

High expression
of NIFK

P value

n 187 187
T stage, n (%) 0.061
T1 103 (27.8%) 80 (21.6%)
T2 41 (11.1%) 54 (14.6%)
T3 36 (9.7%) 44 (11.9%)
T4 4 (1.1%) 9 (2.4%)
N stage, n (%) 0.625
N0 120 (46.5%) 134 (51.9%)
N1 1 (0.4%) 3 (1.2%)
M stage, n (%) 1.000
M0 127 (46.7%) 141 (51.8%)
M1 2 (0.7%) 2 (0.7%)
Pathologic stage, n (%) 0.125
Stage I 96 (27.4%) 77 (22%)
Stage II 38 (10.9%) 49 (14%)
Stage III 36 (10.3%) 49 (14%)
Stage IV 3 (0.9%) 2 (0.6%)
Gender, n (%) 1.000
Female 60 (16%) 61 (16.3%)
Male 127 (34%) 126 (33.7%)
Age, n (%) 0.133
� 60 81 (21.7%) 96 (25.7%)
>60 106 (28.4%) 90 (24.1%)
BMI, n (%) 0.168
�25 83 (24.6%) 94 (27.9%)
>25 88 (26.1%) 72 (21.4%)
AFP (ng/ml), n (%) 0.003
�400 123 (43.9%) 92 (32.9%)
>400 23 (8.2%) 42 (15%)
Vascular invasion, n (%) 0.052
No 116 (36.5%) 92 (28.9%)
Yes 48 (15.1%) 62 (19.5%)
Age, median (IQR) 64 (53, 69) 60 (51, 68) 0.097
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cessing, acting on RNA, nucleolar parts, preribosome and catalytic
activity (Fig. 3C-E). Similarly, the KEGG analysis showed that
RNA transport, ribosome biogenesis in eukaryotes, spliceosome,
RNA degradation and RNA polymerase were the main enriched
pathways (Fig. 3F).
Table 3
Associations with clinicopathologic characteristics in HCC patients using univariate and m

Characteristics Total(N) Univariate analysis

Hazard ratio (95% CI)

Age 373
�60 177 Reference
>60 196 1.205 (0.850-1.708)
Gender 373
Female 121 Reference
Male 252 0.793 (0.557-1.130)
Pathologic stage 349
Stage I & Stage II 259 Reference
Stage III & Stage IV 90 2.504 (1.727-3.631)
T stage 370
T1&T2 277 Reference
T3&T4 93 2.598 (1.826-3.697)
M stage 272
M0 268 Reference
M1 4 4.077 (1.281-12.973)
N stage 258
N0 254 Reference
N1 4 2.029 (0.497-8.281)
NIFK 373
Low 187 Reference
High 186 1.509 (1.059-2.149)

* P < 0.05 has statistical significance.
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3.4. Enrichment analysis of NIFK signaling pathways

To investigate the potential signaling pathways of the NPM1
gene, GSEA of the differentially expressed genes was performed,
showing that NIFK differentially expressed genes were enriched
in fatty acid metabolism, oxidative phosphorylation, cancer, and
the cell cycle as well as in the WNT, MAPK, TGF and NOTCH signal-
ing pathways. Collectively, these findings broaden the knowledge
base of the potential biomolecular mechanisms for NIFK in HCC
(Fig. 4).
3.5. Immune cell infiltration analysis

The infiltration of immune cells is associated with HCC progres-
sion [24,25]; thus, we explored how NIFK expression was related to
immune cell infiltration. The results from the TIMER database indi-
cated a positive correlation between NIFK expression and dendritic
cells (r = 0.318, P = 1.92E-09), neutrophils (r = 0.801, P = 1.24E-08),
macrophages (r = 0.323, P = 9.90E-10), B cells (r = 0.312, P = 3.29E-
09), CD4+ T cells (r = 0.260, P = 1.03E-06) and CD8 + T cells
(r = 0.211, P = 8.71E-05) (Fig. 5A). Moreover, we explored the asso-
ciation between NIFK and immune checkpoints in HCC cases. A
heatmap of NIFK expression and immune checkpoints is shown
in Fig. 5B. CTLA4 and PD1/PD-L1 are key immune checkpoints
involved in immune escape, and we used the TIMER database to
evaluate their relationship with NIFK expression. The results
showed robust positive associations among NIFK expression,
PD1/PD-L1 and CTLA4 (Fig. 5C).
3.6. Effects of knocking down NIFK

To investigate whether NIFK affects HCC cellular properties of
proliferation, metastasis and invasiveness, we firstly analyzed the
protein expression of NIFK in HCC tissues and normal tissues in
Ualcan database (Fig. 6A). Meanwhile, we obtained 20 pairs of
HCC tissues and corresponding normal tissues, NIFK protein levels
were detected by western blot and IHC (Fig. 6B-C). The results
showed that the expression of NIFK was significantly upregulated
in HCC. Then, its expression in normal and cancerous cells was
ultivariate Cox regression.

Multivariate analysis

P value Hazard ratio (95% CI) P value

0.295

0.200

<0.001* 1.374 (0.187-10.073) 0.755

<0.001* 2.177 (0.294-16.112) 0.446

0.017* 1.936 (0.593-6.320) 0.274

0.324

0.023* 1.956 (1.242-3.081) 0.004*



Fig. 3. Enrichment of NIFK coexpression genes in HCC. (A-B) Heatmap map
showing the top 50 genes for which positive and negative correlations with NIFK
expression were observed in TCGA datasets; (C-F) GO/KEGG enrichment analyses of
NIFK coexpressed genes; (G) Volcano plot showing NIFK expression associated with
NIFK coexpressed genes in TCGA data; (H-J); The ULCAN database was used to
evaluate survival and the genes most strongly correlated with NIFK expression, i.e.,
NOP58 (H) WDR75 (I), and SSB (J).
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compared by western blotting and qPCR (Fig. 6D-E). The results
demonstrated that NIFK mRNA and protein levels were signifi-
cantly upregulated in HCC cells in comparison to normal liver cell.
36
HCCLM3 and Hep3B cells were used for the subsequent cell func-
tion experiments. The expression of NIFK in HCCLM3 and Hep3B
cells was knocked down by siRNA transfection technology and
the gene silencing efficiency was detected by Western blotting
and qPCR (Fig. 6F-G). Furthermore, the capacity of cellular HCC
to proliferate, invade and metastasize after the knockdown of NIFK
in HCCLM3 and Hep3B cells was assessed by using EdU and tran-
swell assays. For the first assay, the cell proliferation rate in
HCCLM3 and Hep3B cells in the siNIFK group was shown to be
lower compared with the control group (Fig. 6H-I). The transwell
assays further revealed a significantly weaker process of cell
migration and invasion for HCCLM3 and Hep3B cells compared
with those in the NC group (Fig. 6J-K).
4. Discussion

Although HCC is a common malignant tumor, its prognosis is
still not satisfactory due to its complex underlying molecular
mechanism. Currently, there are various options to treat HCC,
including chemotherapy and immunotherapy; however, the out-
comes for patients with HCC are still generally poor due to high
recurrence and metastasis rates after treatment [5,26,27]. More
than 200 genes have been associated with HCC progression; how-
ever, the molecular mechanisms implicated in HCC are diverse, and
its specific pathways and prognosis-related molecules are still
unclear [28]. Therefore, exploring the molecular mechanism of
HCC remains important, especially for identifying novel biomark-
ers that may provide effective diagnostic and therapeutic targets
for HCC.

NIFK is also referred to as MKI67IP and Nopp34, and it is a novel
nucleolar protein that can interact with the forkhead-associated
domain of the Ki-67 antigen [9]. Previous studies have shown that
nucleolar proteins can promote the progression of lung cancer dur-
ing metastasis and proliferation [17], suggesting that NIFK may be
a novel oncogene. However, the potential mechanism through
which NIFK contributes to HCC occurrence and development is
poorly understood. This study investigated the expression of NIFK
in pan-cancer data using bioinformatics, as NIFK is highly
expressed in various human tumors. By focusing on the expression
of NIFK, the results indicated a significantly higher level of expres-
sion in HCC compared with corresponding normal tissues. The ROC
curve analysis and survival curves showed that NIFK may act as a
promising diagnostic and prognostic biomarker.

An enhanced knowledge base concerning biomolecular mecha-
nistics for NIFK during HCC came from an analysis of NIFK coex-
pressed genes in TCGA HCC datasets. We used a volcano plot to
display coexpressed genes of NIFK. NOP58, WDR75, and SSB were
most strongly associated with NIFK genes and were related to poor
prognosis in HCC. NOP58 ribonucleoprotein is a protein-coding
gene located on chromosome 2 [29]. Wang et al. [30] found that
overexpression of NOP58 acted as a prognostic biomarker in HCC,
whereas the functions of WDR75 and SSB in HCC have not been
reported. A GSEA pathway enrichment analysis demonstrated that
the differentially expressed genes of NIFK were predominantly
enriched within fatty acid metabolism, oxidative phosphorylation,
cancer, and the cell cycle as well as in the WNT, MAPK, TGF and
NOTCH signaling pathways. Previous studies have shown that the
WNT signaling pathway is important for HCC progression [31].
The MAPK, TGF, and NOTCH signaling pathways are also associated
with the molecular mechanism of HCC [32,33,34]. The immune
microenvironment is also important for HCC progression [35,36].
In this study, analysis of the TIMER database revealed positive cor-
relations between NIFK expression and dendritic cells, neutrophils,
macrophages, B cells, CD4+ T cells and CD8+ T cells. Such results



Fig. 4. Gene set enrichment analysis of differential genes of NIFK. (A) Pathway in cancer; (B) Cell cycle; (C) WNT signaling; (D) MAPK signaling; (E) TGF signaling; (F)
NOTCH signaling pathways; (G) RNA degradation; (H) Fat acid metabolism; (I) Oxidative phosphorylation.
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indicate that NIFK may be implicated in the immune response of
the HCC tumor microenvironment, especially macrophages and
CD4+ T, CD8+ T and B cells. Immune checkpoint inhibitors are a
hot spot in the treatment of HCC [36]. In this case, the TIMER data-
base analyses also showed positive correlations between NIFK
expression, PD1/PD-L1 and CTLA4. These results suggest that NIFK
37
could be part of the immune escape mechanisms during HCC
progression.

In the TCGA HCC datasets, we found that NIFK expression in the
group without vascular invasion was markedly downregulated in
comparison to the vascular invasion cohort, which indicated that
the expression of NIFK may gradually increase with HCC progres-



Fig. 5. Relationship between NIFK expression and infiltration of immune cells. (A) To determine how NIFK expression was linked to immune infiltrating cells, the TIMER
database was used. (B) Heatmap of NIFK and immune checkpoints. (C) Correlation of NIFK and PDCD1, CD274 and CTLA4.
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sion. Therefore, we used experimental verification to confirm that
NIFK has functions in HCC proliferation, invasion, and metastasis.
Protein expression of NIFK in HCC was evaluated and detected by
Ualcan database, western blotting and IHC. The levels of NIFK
expression in various HCC cells were first examined using western
blotting and qRT-PCR. NIFK was upregulated in various HCC cells.
EdU and Transwell assays provided evidence that knocking down
NIFK expression could inhibit HCC proliferation, invasion, and
metastasis.
38
In conclusion, our results showed that NIFK was highly
expressed in HCC and linked to tumor stage and poor prognosis.
An additional analysis suggested that NIFK was likely to act as a
separate prognostic factor within HCC. Furthermore, the knock-
down of NIFK expression inhibited HCC cell proliferation, invasion,
and metastasis. Our results indicate that NIFK is a promising bio-
marker of theragnostic value. However, the specific mechanisms
underlying NIFK in HCC should be further verified through exper-
imental studies.



Fig. 6. Expression of NIFK in HCC tissues and knockdown of NIFK expression inhibits the proliferation, invasion and metastasis of HCC cells. (A) The protein expression
of NIFK in HCC tissues and normal tissues in Ualcan database. (B) NIFK protein levels and quantitative analysis in human tissue specimens. (C) Representative images and
quantification of NIFK staining in HCC tissues and normal liver tissues. (D) qPCR analysis comparing NIFK expression between normal and HCC cells; (E) Western blotting
showed NIFK protein expression in normal liver cells and HCC cells; (F) and (G), qRT-PCR and western blot analyses were used to detect NIFK expression in HCCLM3 and
Hep3B cells with siRNA knockdown; (H) and (I), EdU assay indicated a lower cell proliferation rate in the siNIFK group in HCCLM3 and Hep3B compared with the control; (J)
and (K), Transwell assays showed that cell migration and invasion of HCCLM3 and Hep3B cells was significantly weaker in the siNIFK group than in the NC group *P < 0.05; **P
< 0.01; ***P < 0.001; ****P < 0.0001.
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