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Abstract
Background  T-cell leukemia homeobox protein 1 (TLX1) has been revealed as a hub transcription factor in 
leukemia, while its function in hepatocellular carcinoma (HCC) has not been well described. Here, we investigated the 
regulation and function of TLX1 in HCC.

Methods  TLX1 and its possible upstream and downstream molecules in HCC were identified using bioinformatics 
tools, which were then verified by RT-qPCR assay. CCK-8, wound healing, and Transwell invasion assays were 
performed to detect the effects of TLX1 knockdown on HCC cells. The interactions between TLX1 and trafficking 
protein particle complex subunit 9 (TRAPPC9) or Zinc finger protein 69 homolog B (ZFP69B) were further probed by 
ChIP and luciferase reporter assays. Rescue experiments were finally conducted in vitro and in vivo.

Results  TLX1 was highly expressed in HCC cells, and the knockdown of TLX1 led to reduced malignant biological 
behavior of HCC cells. TLX1 bound to the promoter region of TRAPPC9, thereby promoting TRAPPC9 expression. 
Overexpression of TRAPPC9 attenuated the effect of TLX1 reduction on suppressing malignant behavior of HCC cells. 
ZFP69B was also highly expressed in HCC cells and bound to the promoter region of TLX1 to induce TLX1 expression. 
Knockdown of ZFP69B inhibited the viability and mobility of HCC cells in vitro and tumor growth in vivo, and 
overexpression of TLX1 rescued this inhibition.

Conclusion  These findings suggest that ZFP69B promotes the proliferation of HCC cells by directly upregulating the 
expression of TLX1 and the ensuing TRAPPC9.
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Background
Liver cancer is the sixth most common malignant tumor 
and the third leading cause of cancer-related death in 
2020 according to the GLOBOCAN database [1], and 
hepatocellular carcinoma (HCC) accounts for around 
90% of primary malignant liver tumors [2, 3]. Due to 
delays in diagnosis at early asymptomatic stages, HCC 
develops into a severe aggressive stage, thereby hav-
ing a significant negative impact on patient survival [4]. 
Recent advances in systemic and locoregional therapies 
have contributed to alteration in many guidelines regard-
ing systemic treatment and the possibility of downstage 
patients undergoing resection [5].

Homeobox (Hox) genes are homeodomain transcrip-
tion factors (TF) that are involved in the control of key 
processes in metazoan development [6]. In the context 
of cancer development, the abnormal expression of Hox 
genes may affect cell proliferation, apoptosis, motility, 
angiogenesis, and autophagy [7]. Among them, HOX11 
(also known as T-cell leukemia homeobox protein 1, 
TLX1), belonging to the NKL family of homeobox tran-
scription factors and regulating the transcription of 
many genes, has been implicated in the development of 
T-cell acute lymphoblastic leukemias [8]. Moreover, the 
migration abilities of bladder cancer cells were decreased 
after the knockdown of TLX1 [9]. However, the spe-
cific role of TLX1 has not been expounded in HCC. In 
the present study, we identified TLX1 as a hub TF in 
the progression of HCC by combining two GEO datas-
ets and the HumanTFDB (http://bioinfo.life.hust.edu.
cn/HumanTFDB#!/download). In addition, traffick-
ing protein particle complex subunit 9 (TRAPPC9, also 
known as NIK- and IKKβ-binding protein, NIBP) and 
zinc finger protein 69 homolog B (ZFP69B, also termed 
ZNF643) were obtained as its downstream target and 
upstream modifier, respectively. TRAPPC9 is a protein 
subunit of the transport protein particle II and has been 
reported to be involved in breast and colon cancers and 
liver diseases [10]. In addition, the relative expression of 
TRAPPC9 in esophageal cancer tissues was higher than 
those in adjacent normal tissues, and TRAPPC9 levels 
in tumor tissues with lymph node metastasis were sig-
nificantly higher than those in tissues without lymph 
node metastasis [11]. ZFP proteins have been reported 
in various diseases, especially in cancers, including HCC 
[12]. For instance, the downregulation of ZNF384 sup-
pressed HCC cell proliferation by inhibiting the expres-
sion of Cyclin D1 [13]. More relevantly, ZFP69B has 
been revealed as one of the seven genes that are related 
to cuproptosis and ferroptosis in HCC [14]. Neverthe-
less, the detailed role of TRAPPC9 and ZFP69B played in 
HCC is not fully elucidated. Herein, we sought to explore 
the influence of ZFP69B on HCC development via the 

TLX1/TRAPPC9 axis. The objective was to provide a 
potential basis for HCC treatment.

Results
TLX1 is highly expressed in HCC tissues and cell lines
Two GEO datasets concerning HCC were included to 
analyze the transcriptome changes in HCC: GSE87410 
(Fig.  1A) and GSE105130 (Fig.  1B). In addition, we 
downloaded the human TF and human TF cofactors 
on HumanTFDB and obtained the intersecting genes 
(Fig. 1C) with the above two datasets, with a total of 225 
intersections.

We performed a KEGG pathway enrichment analysis 
of 225 intersecting genes on Hiplot (https://www.hiplot.
com.cn/), and the results showed that these intersect-
ing genes were mainly enriched in Transcriptional mis-
regulation in cancer pathway (Fig. 1D). We then analyzed 
the 11 genes enriched in the Transcriptional misregula-
tion in cancer and plotted a heatmap (Fig. 1E). All genes 
have been studied in liver cancer except PBX1, RXRB, 
and TLX1. Among the three genes, TLX1 was the most 
significantly differentially expressed in HCC, with Log-
2FoldChange of 3.875825 (GSE87410) and 3.1132641 
(GSE105130), respectively, so we chose TLX1 for further 
study.

We then examined the expression of TLX1 in 31 pairs 
of HCC and matched adjacent tissues by RT-qPCR and 
immunohistochemistry. TLX1 was significantly higher 
in tumor tissues than in adjacent tissues (Fig.  1F, G). 
Based on the mean value of TLX1 mRNA expression as 
a threshold, patients were classified into TLX1 high and 
low expression groups and the correlation between TLX1 
and clinical characteristics of patients was shown in 
Table 1. TLX1 was not associated with the age and sex of 
patients. However, patients with high expression of TLX1 
tended to have larger tumor sizes and more advanced 
TNM stages (Table  1). Besides, the expression of TLX1 
in THLE-2 cells was also lower than that in Huh-7 and 
MHCC97H cells (Fig. 1H).

Knockdown of TLX1 inhibits biological behavior of Huh-7 
and MHCC97H cells
To determine the effect of TLX1 on the biological behav-
ior of HCC cells, we infected Huh-7 and MHCC97H cells 
with sh-TLX1 or sh-NC and verified the knockdown 
efficiency by RT-qPCR assay (Fig.  2A). The HCC cell 
proliferation rate reflected by CCK-8 was significantly 
reduced after TLX1 was knocked down (Fig.  2B). HCC 
cells infected with sh-TLX1 also healed significantly 
slower than the sh-NC group in the wound healing assay 
(Fig. 2C). Similarly, the number of invaded cells was less 
in the sh-TLX1 group than in the sh-NC group (Fig. 2D). 
In addition, we also knocked down TLX1 in HepG2 and 
SNU-398 cells, and RT-qPCR verified the knockdown 

http://bioinfo.life.hust.edu.cn/HumanTFDB#!/download
http://bioinfo.life.hust.edu.cn/HumanTFDB#!/download
https://www.hiplot.com.cn/
https://www.hiplot.com.cn/
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Fig. 1  Overexpression of TLX1 is identified in HCC tissues and cell lines. (A) Transcriptome differences between HCC and paracancerous tissues in the 
GSE87410 dataset. (B) Transcriptome differences between HCC and adjacent non-tumor in the GSE105130 dataset. (C) Intersection of the above two 
datasets with human transcription factors and transcription cofactors in Jvenn. (D) KEGG pathway enrichment analysis of 225 intersecting genes. (E) 
Heatmaps of 11 intersecting genes enriched in the Transcriptional misregulation in cancer pathway in the GSE87410 and GSE105130 datasets. (F) mRNA 
expression of TLX1 in HCC tissues and their adjacent tissues was analyzed using RT-qPCR (n = 31). (G) positive staining of TLX1 in HCC tissues and their 
adjacent tissues was analyzed using immunohistochemistry (n = 31). (H) TLX1 mRNA expression in THLE-2, Huh-7, and MHCC97H cells was analyzed using 
RT-qPCR. Data represent the mean ± SEM of at least three independent experiments. ****p < 0.0001. Differences were tested using a paired t-test (F, G) 
and the one-way ANOVA (H)
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efficiency (Supplementary Fig.  1A). CCK-8 assays also 
confirmed that the knockdown of TLX1 resulted in 
impaired cell proliferation (Supplementary Fig. 1B), along 
with a significant reduction in cell migration and inva-
sion (Supplementary Fig. 1C-D).

TLX1 activates TRAPPC9 transcription in HCC
To analyze the downstream mechanisms of TLX1 in 
HCC, we downloaded the targets of TLX1 from hTF-
target (http://bioinfo.life.hust.edu.cn/hTFtarget/#!/) and 
intersected with differentially expressed genes in the 
GSE87410 and GSE105130 datasets on Jvenn (Fig.  3A). 
Among the eight genes screened out (Fig.  3B), MT2A 
[15], CRIP1 [16], CCR7 [17], ZFP36 [18], ITGA2 [19], 
and FAT1 [20] have been reported in HCC, which makes 
TRAPPC9 and SSR1 as the genes of interests. Since 
TRAPPC9 (Log2FoldChange of 1.4729184 in GSE87410 
and 0.8031566 in GSE105130) showed a more pro-
nounced high expression, it was chosen as the target of 
TLX1 in HCC. Subsequent analysis on UCSC (http://
genome.ucsc.edu/index.html) revealed a binding peak of 
TLX1 at the TRAPPC9 promoter (Fig. 3C).

We then examined the TRAPPC9 expression in HCC 
tissues and their adjacent tissues by RT-qPCR and 
immunohistochemistry (Fig.  3D, E). The expression of 
TRAPPC9 was higher in HCC tissues than in matched 
adjacent tissues. After the patients were divided into two 
groups with high and low TRAPPC9 expression accord-
ing to the mean value of TRAPPC9 mRNA expres-
sion, we found that the patients with high expression of 
TRAPPC9 predicted larger tumors and higher tumor 
staging (p < 0.05) (Table 2).

Subsequently, RT-qPCR on THLE-, Huh-7 and 
MHCC97H cells yielded consistent results in vitro 
(Fig.  3F). We performed ChIP experiments and 
found enrichment of the TRAPPC9 promoter 

immunoprecipitated by anti-TLX1, suggesting that TLX1 
binds to the promoter of TRAPPC9 (Fig.  3G). Then we 
predicted the binding site of TLX1 to the TRAPPC9 
promoter in the JASPAR database based on the pro-
moter sequence of TRAPPC9 (Fig.  3H). The results of 
the EMSA assay showed that there was binding between 
TLX1 and the TRAPPC9 promoter, and the lanes did not 
show complexes when using the cold probe, whereas the 
binding between the two disappeared using the probe 
with the sequence mutation (Fig.  3I), suggesting that 
TLX1 bound only to the TRAPPC9 promoter. In addi-
tion, the luciferase activities of HCC cells transfected 
with oe-TLX1 were significantly higher than the oe-NC 
group (Fig.  3J). Finally, RT-qPCR findings revealed that 
the mRNA expression of TRAPPC9 was restored in HCC 
cells as well in response to oe-TLX1 infection (Fig. 3K). 
Finally, we explored whether the knockdown of TLX1 
impaired TRAPPC9 transcription and performed knock-
down of TRAPPC9 as a positive control. As expected, the 
knockdown of both TLX1 and TRAPPC9 induced a sig-
nificant reduction in TRAPPC9 expression (Fig. 3L).

Overexpression of TRAPPC9 abates the repressing effects 
of TLX1 knockdown on Huh-7 and MHCC97H cell growth.
We further designed experiments to investigate whether 
TLX1 promotes the malignant behavior of HCC cells in 
a TRAPPC9-dependent manner. Huh-7 and MHCC97H 
cells were infected with lentiviruses harboring oe-
TRAPPC9 or oe-NC in the presence of sh-TLX1 and 
verified the overexpression efficacy (Fig.  4A). As the 
CCK-8 and colony formation assays revealed, overex-
pression of TRAPPC9 led to enhanced proliferation and 
colonies formed of Huh-7 and MHCC97H cells (Fig. 4B, 
C). However, the number of apoptotic cells in the sh-
TLX1 + oe-TRAPPC9 group was substantially less than 
that of sh-TLX1 + oe-NC in the flow cytometric assay, as 
revealed by the decreased percentage of Annexin V+PI− 
Huh-7 and MHCC97H cells (Fig. 4D). RNF138 has been 
reported to repress the activation of the NF-κB signaling 
pathway by preventing the translocation of TRAPPC9 
to the cytoplasm in colorectal cancer [21], whereas the 
NF-κB has been widely associated with proliferation 
and invasion acceleration and apoptosis inhibition in 
HCC cells [22]. Therefore, we analyzed NF-κB activa-
tion in Huh-7 and MHCC97H cells after overexpression 
of TLX1 as well as after overexpression of TRAPPC9. 
The results of western blot analysis showed that after the 
knockdown of TLX1, the phosphorylation level of P65 
was significantly reduced, and the expression of Bcl-2 and 
Cyclin D1 was significantly decreased. By contrast, after 
overexpression of TRAPPC9, the P65 phosphorylation 
as well as Bcl-2 and Cyclin D1 expression were signifi-
cantly increased (Fig. 4E). In HepG2 and SNU-398 cells, 
we similarly found that overexpression of TRAPPC9 was 

Table 1  Relationship between clinicopathological parameters 
and TLX1 expression in cancer tissues
Clinicopathological 
parameters

Low TLX1 
expression
(n = 15)

High TLX1 
expression
(n = 16)

p-value

Age
< 60 9 8 0.7224
≥ 60 6 8
Sex
Male 5 9 0.2852
Female 10 7
Tumor size (cm)
< 3 11 5 0.0320*
≥ 3 4 11
TNM
I/II 12 5 0.0113*
III/IV 3 11
Note: TLX1, T-cell leukemia homeobox protein 1; TNM, tumor, node, metastases

http://bioinfo.life.hust.edu.cn/hTFtarget/#!/
http://genome.ucsc.edu/index.html
http://genome.ucsc.edu/index.html
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able to reverse the effects of sh-TLX1, with enhanced cell 
proliferation, increased number of colony formation, and 
a significantly lower percentage of apoptosis (Supplemen-
tary Fig.  2A-D). Likewise, the P65 phosphorylation as 
well as Bcl-2 and Cyclin D1 expression were significantly 
increased in HepG2 and SNU-398 cells overexpressing 
TRAPPC9 as well (Supplementary Fig. 2E).

ZFP69B transcriptionally activates TLX1 expression
We then downloaded TFs with binding sites in the pro-
moter and enhancer regions of TLX1 from GeneCards 
(https://www.genecards.org/). We compared them with 
the above two datasets (GSE87410 and GSE105130). 
Nine intersections were found (Fig.  5A, B) via Jvenn. 

After excluding EGR2 [23], ZEB2 [24], BCL11B [25], 
KLF10 [26], EZH2 [27], HIC1 [28], KLF8 [29], ZFP69B 
(Log2FoldChange: 1.2435806 in GSE87410 and 
1.5442059 in GSE105130) was selected as the TF of TLX1 
due to its superior expression in the two datasets than 
ZNF398 (Log2FoldChange: 0.7689866 in GSE87410 and 
0.4552225 in GSE105130). ZFP69B was found to have a 
significant binding peak on the TLX1 promoter region in 
the UCSC website (Fig. 5C).

As shown by RT-qPCR and immunohistochemistry, the 
expression of ZFP69B was higher in HCC tissues than in 
paracarcinoma tissues (Fig. 5D, E). Analysis of the corre-
lation between ZFP69B and clinical information similarly 
revealed no correlation between ZFP69B and patients’ 

Fig. 2  Knockdown of TLX1 inhibits the biological behavior of Huh-7 and MHCC97H cells. (A) The mRNA expression of TLX1 in Huh-7 and MHCC97H cells 
infected with sh-NC or sh-TLX1 was analyzed using RT-qPCR. (B) The OD value of Huh-7 and MHCC97H cells was examined using CCK-8 assays. (C) The 
Huh-7 and MHCC97H cell migration was examined using a wound wound-healing assay. (D) The Huh-7 and MHCC97H cell invasion was examined using 
Transwell assay. Data represent the mean ± SEM of at least three independent experiments. **p < 0.01, ***p < 0.001, ****p < 0.0001. Differences were tested 
using an unpaired t-test (A, C, D) and the two-way ANOVA (B)
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Fig. 3  TLX1 activates TRAPPC9 transcription in HCC cells. (A) The intersection of TLX1 downstream targets in hTFtarget and differentially expressed genes 
in the GSE87410 and GSE105130 datasets. (B) The heatmaps of 8 intersecting targets in the three datasets. (C) The binding relation between TLX1 and 
the TRAPPC9 promoter was predicted in the UCSC database. (D) Expression of TRAPPC9 mRNA in HCC tissues and their adjacent tissues was analyzed 
using RT-qPCR (n = 31). (E) positive staining of TRAPPC9 in HCC tissues and their adjacent tissues was analyzed using immunohistochemistry (n = 31). (F) 
Expression of TRAPPC9 mRNA in THLE-2, Huh-7, and MHCC97H was analyzed using RT-qPCR. (G) Enrichment of the TRAPPC9 promoter in HCC cells with 
anti-TLX1 antibody or anti-IgG control was analyzed using ChIP. (H) Jaspar database analysis of binding sites between TLX1 and the TRAPPC9 promoter 
(I) The binding between TLX1 and TRAPPC9 was assessed using EMSA. (J) The binding relation between TRAPPC9 and TLX1 was examined using a lucif-
erase reporter assay. (K) Expression of TRAPPC9 mRNA in Huh-7 and MHCC97H infected with oe-TLX1 was analyzed using RT-qPCR. (L) TRAPPC9 mRNA 
expression after knockdown of TLX1 or TRAPPC9 in Huh-7 and MHCC97H cells was analyzed using RT-qPCR Data represent the mean ± SEM of at least 
three independent experiments. **p < 0.01, ***p < 0.001, ****p < 0.0001. Differences were tested using t-tests (D, E, G, J, K) and the one-way ANOVA (F, L)
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age and sex. By contrast, the mean size of isolated tumors 
was larger, and the number of patients with stage III/IV 
was higher in patients with high expression of ZFP69B 
(Table 3).

Consistently, HCC cells exhibited higher ZFP69B 
expression than THLE-2 cells (Fig. 5F). ChIP experiments 
using two HCC cell lines also revealed that ZFP69B 
bound to the TLX1 promoter (Fig. 5G). Then, we used a 
luciferase reporter system and found that transfection of 
the sh-ZFP69B plasmid caused a significant downregu-
lation in luciferase units compared to that in the sh-NC 
group (Fig. 5H). Similarly, the mRNA expression of TLX1 
was reduced in response to sh-ZFP69B (Fig. 5I).

Knockdown of ZFP69B inhibits HCC progression by 
blocking TLX1/TRAPPC9 signaling
MHCC97H and Huh-7 cells were infected with sh-
ZFP69B (sh-NC as control) or sh-ZFP69B + oe-TLX1 (sh-
ZFP69B + oe-NC as control). The expression of ZFP69B, 
TLX1, and TRAPPC9 was examined in HCC cells using 
RT-qPCR. The expression of three mRNAs was reduced 
in response to sh-ZFP69B. However, the expression of 
TLX1 and TRAPPC9 was restored after further over-
expression of oe-TLX1, while the ZFP69B remained at 
the level under sh-ZFP69B treatment alone (Fig.  6A). 
Knockdown of ZFP69B repressed the HCC cells to grow 
(Fig.  6B, C), migrate (Fig.  6D), and invade (Fig.  6E). In 
addition, the apoptosis rate of MHCC97H and Huh-7 
cells was enhanced following the knockdown of ZFP69B 
(Fig. 6F). Meanwhile, overexpression of TLX1 overturned 
the effects of sh-ZFP69B (Fig. 6B-F).

Huh-7 cells with the above treatments were injected 
into nude mice to observe tumor growth in vivo. Knock-
down of ZFP69B decreased the volume and weight of 
tumors, while the volume and weight of tumors were 
upregulated by the concomitant overexpression of TLX1 
(Fig. 6G).

Discussion
There is a constant search for improvement in screening, 
diagnosis, and treatment strategies to improve the prog-
nosis of HCC [30]. In the present study, we found that 
TLX1 was highly expressed in the HCC tissues and cell 
lines, and knockdown of TLX1 inhibited the HCC cell 
viability and mobility. TF ZFP69B induced the expres-
sion of TLX1 to promote the transcription of TRAPPC9 
in HCC.

The potential function of some genes in the Hox fam-
ily in the tumor microenvironment and their therapeu-
tic liability in targeted therapy and immunotherapy in 
HCC have been previously revealed [31], while the role of 
TLX1 (i.e. HOX11 as we mentioned above) has not been 
well explained. Akrami et al. found that TLX1 was one of 
the five genes that can be considered candidate biomark-
ers or therapeutic targets in pancreatic ductal adenocar-
cinoma [32]. We also observed the correlation between 
TLX1 high expression with the larger tumor size and 
more advanced TNM stage in patients with HCC, indi-
cating its possible biomarker role. Krutikov et al. showed 
that ectopic TLX1 expression accelerated malignancies in 
mice deficient in DNA-PK, which was related to dysregu-
lated expression of the cell cycle, apoptotic, and mitotic 
spindle checkpoint genes [33]. In addition, Bempt et al. 
revealed that downregulation of TLX1 led to a reduction 
of target gene expression and induction of leukemia cell 
death [34]. As Cain et al. summarized, Hox factors ulti-
mately function by manipulating the expression of down-
stream targets once bound to DNA [35]. Therefore, we 
sought to identify a target of TLX1 in HCC that might 
be responsible for its pro-proliferative, pro-migratory, 
and pro-invasive properties. TRAPPC9 was found to be 
a candidate with the largest difference in expression in 
HCC.

TRAPPC9 has been linked to gastric cancer chemo-
resistance by promoting epithelial‑mesenchymal transi-
tion [36]. In addition, TRAPPC9 impacts the expression 
of E‑cadherin, CD44, and vimentin via the NF‑κB path-
ways, which makes TRAPPC9 inhibitors possible targets 
of colorectal cancer in the future [37]. Single nucleotide 
polymorphism rs11166927 on chromosome 8 in the 
TRAPPC9 region was reported by Wattacheril et al.to 
be closely related to the activity score of nonalcoholic 
fatty liver disease (p = 8.7e-07) [38] which is emerging as 
a leading cause of HCC [39]. We, consistently, observed 
that overexpression of TRAPPC9 induced HCC cell 
growth and partially prevented the apoptosis in the pres-
ence of sh-TLX1.

It has been revealed that six prognosis-related ZNF 
family genes were independent prognostic factors for the 
overall survival of patients with esophageal cancer even 
though ZFP69B was not included [40]. However, it was 
included in the 12 prognosis-related mRNAs in gastric 

Table 2  Relationship between clinicopathological parameters 
and TRAPPC9 expression in cancer tissues
Clinicopathological 
parameters

Low TRAPPC9 
expression
(n = 15)

High TRAPPC9 
expression
(n = 16)

p 
value

Age
< 60 7 10 0.4795
≥ 60 8 6
Sex
Male 8 6 0.4795
Female 7 10
Tumor size (cm)
< 3 12 4 0.0038*
≥ 3 3 12
TNM
I/II 13 4 0.0010*
III/IV 2 12
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Fig. 4  Overexpression of TRAPPC9 overturns the effects of TLX1 knockdown on Huh-7 and MHCC97H cells. (A) Expression of TRAPPC9 mRNA in Huh-7 
and MHCC97H in response to sh-TLX1 + oe-NC or sh-TLX1 + oe-TRAPPC9 was analyzed using RT-qPCR. (B) The viability of Huh-7 and MHCC97H cells was 
examined using CCK-8 assays. (C) The colony formation of Huh-7 and MHCC97H cells was determined using colony formation assays. (DD) The cell apop-
tosis of Huh-7 and MHCC97H cells was determined using flow cytometry. (E) The protein expression of p-P65, Bcl-2, and Cyclin D1 in Huh-7 and MHCC97H 
cells was determined using western blot analysis. Data represent the mean ± SEM of at least three independent experiments. **p < 0.01, ***p < 0.001, 
****p < 0.0001. Differences were tested using an unpaired t-test (A, C, D) and the two-way ANOVA (B, E)
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Fig. 5  ZFP69B transcriptionally activates TLX1 expression in HCC cells. (A) The intersection of TFs with binding sites in the TLX1 promoter and enhancer 
regions downloaded on GeneCards and differentially expressed genes in the GSE87410 and GSE105130 datasets. (B) The heatmaps of intersecting TF 
expression in the GSE87410 and GSE105130 datasets. (C) The ZFP69B binding peaks on the TLX1 promoter were downloaded from the UCSC database. 
(D) Expression of ZFP69B mRNA in HCC tissues and their adjacent tissues was examined using RT-qPCR (n = 31). (E) positive staining of ZFP69B in HCC tis-
sues and their adjacent tissues was analyzed using immunohistochemistry (n = 31). (F) ZFP69B mRNA in THLE-2, Huh-7, and MHCC97H cells was examined 
using RT-qPCR. (G) Enrichment of the TLX1 promoter in HCC cells with anti-ZFP69B antibody or anti-IgG control was analyzed using ChIP. (H) The binding 
relation between ZFP69B and TLX1 was examined using a luciferase reporter assay. (I) TLX1 mRNA in Huh-7 and MHCC97H cells infected with sh-ZFP69B 
was examined using RT-qPCR. Data represent the mean ± SEM of at least three independent experiments. **p < 0.01, ***p < 0.001, ****p < 0.0001. Differ-
ences were tested using a t-test (D, E, G, H, I) and the one-way ANOVA (F)
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cancer [41]. Moreover, ZNF689 expression in HCC and 
paired‑noncancerous tissues was significantly increased 
compared with that in normal liver tissues, and positive 
expression of ZNF689 protein in HCC was significantly 
associated with a tumor size of ≥ 10  cm, tumor capsule 
infiltration, and microvascular invasion [42]. We also 
observed the correlation between ZFP69B and the tumor 
size and TNM stage of HCC patients (n = 31). As for the 
functional role of ZNF members in cancers, ZNF148 
was upregulated in breast cancer tissues and cell lines, 
and the knockdown of ZNF148 suppressed malignant 
phenotypes, including cell proliferation and tumorigen-
esis in vitro and in vivo [43]. Oleksiewicz et al. observed 
that ZFP69B mRNA was associated with diverse immune 
subtypes and tumor stage, grade, and survival of patients, 
and ZFP69B positively influenced the cancer cell cycle, 
migration, and invasion [44]. More relevantly, silencing of 
ZFP69B reduced proliferation, migration, and invasion, 
and promoted erastin-induced ferroptosis of HCC cells 
[45]. However, the in vivo evidence and its molecular 
targets in HCC are still lacking. Our in vitro and in vivo 
findings also suggested that the knockdown of ZFP69B 
led to reduced HCC cell growth, which was reversed by 
TLX1 overexpression.

In the future, other downstream targets of TLX1 
besides TRAPPC9, for instance, Notch1 [46] are required 
to be identified to corroborate the function of TLX1 in 
HCC. In addition, orthotopic xenograft mouse models 
which can better reflect the HCC tumorigenesis [47, 48] 
might further support our conclusion from subcutaneous 
implantation.

In conclusion, we showed a previously unrecognized 
role of ZFP69B in the regulation of TRAPPC9 via the TF 
TLX1 and induced HCC development. Furthermore, this 
study provides a molecular basis and rationale for target-
ing the ZFP69B/TLX1/TRAPPC9 axis as a novel thera-
peutic strategy to treat HCC.

Materials and methods
Data acquisition and preprocessing
Transcriptomic differences in 3 HCC tumor tissues 
and 5 normal tissues (platform no. GPL11154) in the 
GSE87410 dataset and paired 25 tumors and adjacent 27 
non-tumors (platform no. GPL11154) in the GSE105130 
dataset were analyzed with the GEO2R for analysis. 
The p-value was corrected using Benjamini & Hoch-
berg (False discovery rate), and the threshold was set to 
adj. p. value < 0.05. We downloaded the list of human TF 
and human TF cofactors from the HumanTFDB (http://
bioinfo.life.hust.edu.cn/HumanTFDB#!/download) data-
base. KEGG pathway enrichment analysis was performed 
with the aid of the Hiplot (https://hiplot.com.cn/) tool, 
again using Benjamini & Hochberg for p-value correc-
tion, setting the pathway enrichment threshold at adj. p. 
value < 0.05. UCSC (http://genome.ucsc.edu/index.html) 
was used to analyze ChIP-seq data to explore the enrich-
ment of TLX1 at the TRAPPC9 promoter or ZFP69B 
at the TLX1 promoter. The Jaspar database (https://jas-
par.genereg.net/) was used to analyze the binding sites 
between TLX1 and the TRAPPC9 promoter.

Patients and specimens
The study was approved by the Medical Ethics Commit-
tee of Jurong Hospital Affiliated to Jiangsu University, 
and all patients were informed. We collected 31 paired 
HCC and matched adjacent (3 cm) non-tumor liver tis-
sues from patients who underwent surgical treatment 
from September 2018 to December 2023 at Jurong Hos-
pital Affiliated to Jiangsu University. All patients were 
diagnosed according to the 2018 Practice Guidance by 
the American Association for the Study of Liver Dis-
eases [49]. Inclusion criteria were as follows: (i) patients 
were ≥ 18 years old and ≤ 70 years old or had the full civil 
capacity to provide informed consent; (ii) no history of 
preoperative anticancer radiotherapy or chemotherapy, 
biological, immunological, or herbal treatments; (iii) 
complete postoperative follow-up data; and (iv) no his-
tory of malignant tumors or systemic immune diseases in 
other organs.

Immunohistochemistry
Collected HCC tissues and non-tumor liver tissues were 
heated in sodium citrate buffer for antigen retrieval and 
incubated with 3% hydrogen peroxide for 30  min to 
remove endogenous peroxidase before being sealed with 
5% goat serum for 1 h. The sections were incubated with 
antibodies against TLX1 (1:50, ab191270, Abcam, Cam-
bridge, UK), TRAPPC9 (1:100, PA5-106442, Thermo 
Fisher Scientific Inc., Waltham, MA, USA), ZFP69B 
(1:500, PA5-60667, Thermo Fisher Scientific) overnight at 
4 °C. The sections were then incubated with the second-
ary antibody goat anti-rabbit IgG (1:100, GTX213110-01, 

Table 3  Relationship between clinicopathological parameters 
and ZFP69B expression in cancer tissues
Clinicopathological 
parameters

Low ZFP69B 
expression
(n = 14)

High ZFP69B 
expression
(n = 17)

p-value

Age
< 60 10 7 0.1493
≥ 60 4 10
Gender
Male 6 8 > 

0.9999Female 8 9
Tumor Size (cm)
< 3 11 5 0.0113*
≥ 3 3 12
TNM
I/II 11 6 0.0292*
III/IV 3 11

http://bioinfo.life.hust.edu.cn/HumanTFDB#!/download
http://bioinfo.life.hust.edu.cn/HumanTFDB#!/download
https://hiplot.com.cn/
http://genome.ucsc.edu/index.html
https://jaspar.genereg.net/
https://jaspar.genereg.net/
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Fig. 6  Knockdown of ZFP69B inhibits HCC progression by blocking the TLX1/TRAPPC9 signaling. (A) The mRNA expression of ZFP69B, TLX1, and TRAPPC9 
in HCC cells infected with sh-NC, sh-ZFP69B, sh-ZFP69B + oe-NC or sh-ZFP69B + oe-TLX1 was examined using RT-qPCR. (B) The viability of HCC cells was 
examined using CCK-8 assays. (C) The colony formation of HCC cells was determined using colony formation assays. (D) The migration of HCC cells was 
examined using a wound wound-healing assay. (E) The invasion of HCC cells was examined using Transwell invasion assays. (F) The cell apoptosis of HCC 
cells was determined using flow cytometry. (G) The volume and weight of xenografts of tumor-bearing mice. Data represent the mean ± SEM of at least 
three independent experiments or five biological replicates. **p < 0.01, ***p < 0.001, ****p < 0.0001. Differences were tested using the one-way (A, C, D, E, 
F) or two-way ANOVA (B, G)
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GeneTex, Inc., Alton Pkwy Irvine, CA, USA), and the 
positively-stained area in the tissues was observed via 
microscopy after DAB staining and hematoxylin staining.

Cell culture and infection
MHCC97H (C6585) and HepG2 (C6346) purchased from 
Beyotime Biotechnology Co., Ltd. (Shanghai, China), 
and Huh-7 (BNCC337690) purchased from BeNa Cul-
ture Collection (Beijing, China) were cultured in DMEM 
with 10% fetal bovine serum (FBS) added (BNCC338068, 
BeNa). SNU-398 (SNL-517) cells were purchased from 
Sunncell (Wuhan, Hubei, China) and grown in RPMI-
1640 medium (SNLM-517, Sunncell) supplemented with 
10% FBS. Transformed human liver epithelial-2 (THLE-
2) cells (CL-0833) were purchased from Procell (Wuhan, 
Hubei, China) and cultured in a specialized medium 
(CM-0833) provided by the manufacturer. The culture 
environment was maintained at 37 °C with 5% CO2.

The lentiviral vectors containing sh-ZFP69B (​A​C​C​A​A​
A​G​A​G​T​C​A​G​C​C​T​T​A​C​A​G​A​A​T​G​A​T​A​T​T​T​C​G​T​G​G​G​A​
A​G​A), sh-TLX1 (​A​G​A​G​G​C​G​T​C​C​C​G​C​A​C​C​T​G​T​C​T​G​
A​A​C​T​G​T​T​A​A​G​A​A​A​T​C​T​G​T​T), sh-TRAPPC9 (​C​A​G​C​
G​A​C​T​T​C​C​C​T​T​T​G​G​C​C​A​T​A​G​A​A​A​G​A​A​A​T​G​G​T​G​A​
G​C​A​T​G), overexpression (oe)-TLX1, and oe-TRAPPC9 
were purchased from Thermo Fisher Scientific. Huh7, 
MHCC97H, HepG2, and SNU-398 cells were infected 
with lentiviruses containing sh-ZFP69B, sh-TLX1, oe-
TLX1, oe-TRAPPC9, negative control (sh-NC), and no 
specific cDNA (oe-NC), respectively, for 24  h. Alterna-
tively, the Huh7 and MHCC97H cells were infected with 
sh-NC, sh-TLX1, or sh-TRAPPC9 for 24  h. Puromycin 
(2.5  µg/mL, A1113803, Thermo Fisher Scientific) was 
then used to screen for stable cells.

Cell viability assay
Cell counting kit-8 (CCK-8) (C0037, Beyotime) was used 
to examine Huh-7, MHCC97H, HepG2, and SNU-398 
cell proliferation. The cells were plated at 2 × 103 per well 
and incubated with CCK-8 reagent. The optical density 
(OD) at 450  nm at 24  h, 48  h, 72  h, and 96  h was read 
using a microplate reader.

Wound healing assay
The Huh-7, MHCC97H, HepG2, and SNU-398 cells 
were cultured until the formation of a confluent mono-
layer, and the serum-free culture medium was added to 
inhibit cell proliferation. Next, using a pipette, a clean 
scratch wound was created across the center of each well. 
The medium was aspirated, and the cells were washed 3 
more times with sterile PBS to wash away the scratched 
cells. The plates were incubated in an incubator at 37 °C 
for 24 h, allowing for the migration of cells. Changes in 
wound width were recorded by light microscopy.

Transwell invasion assay
Huh-7, MHCC97H, HepG2, and SNU-398 cells (1 × 105 
cells/well) were starved overnight, and then serum-
free culture medium was added to the apical chamber 
chambers in 96-well Transwell plates (pore size 8  μm, 
CLS3374-2EA, Merck Millipore, Darmstadt, Germany) 
coated with Matrigel (356234, Beijing Solarbio Life Sci-
ences Co., Ltd., Beijing, China). The basolateral chamber 
was filled with DMEM. The cells were incubated at 37℃ 
for 48 h, fixed with 10% glutaraldehyde at 4℃ for 30 min, 
stained with 1% crystal violet for 20 min at room temper-
ature, and visualized under a microscope.

Flow cytometry analysis
The number of apoptotic cells in Huh-7, MHCC97H, 
HepG2, and SNU-398 cells was detected by flow cytom-
etry using the Annexin V-FITC Apoptosis Detection Kit 
(Merck). The cells were stained with Annexin V-FITC 
and PI in the dark. After washing, they were analyzed 
using flow cytometry and Flowjo software.

Colony formation assay
Each group of cells (300 cells/well) was cultured in 6-well 
plates at 37 °C for 2 weeks. The formed cell colonies were 
fixed with 4% formaldehyde for 15 min at room temper-
ature, stained with 1% crystal violet for 20 min at room 
temperature, and counted.

Chromatin immunoprecipitation (ChIP) assay
The ChIP kit was purchased from Thermo Fisher Scien-
tific (26156). MHCC97H and Huh-7 cells were treated 
with 1% formaldehyde for 10 min at room temperature. 
Glycine at 0.125 M was added and maintained for 5 min 
to terminate the cross-linking. Chromatin in the lysate 
was cleaved into fragments with an average length of 
300–500 bp using ultrasound, and anti-ZFP69B (Cusabio, 
Wuhan, Hubei, China), anti-TLX1 (1:1, sc-12760X, Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, USA), or IgG 
(ab172730, Abcam) were used to immunoprecipitate the 
samples overnight at 4 °C. The DNA fragments obtained 
by immunoprecipitation were purified. Then, qPCR was 
performed to detect the degree of enrichment of pro-
moter fragments therein.

Dual-luciferase reporter assay
Genomic fragments containing TLX1 and TRAPPC9 
promoter regions were amplified into pGL4.20 (Promega 
Corporation, Madison, WI, USA) basic vector, respec-
tively. A reporter gene vector containing the TLX1 pro-
moter was transfected into Huh-7 and MHCC97H cells 
with sh-NC or sh-ZFP69B. A reporter gene vector con-
taining the TRAPPC9 promoter was transfected into 
Huh-7 and MHCC97H cells with oe-TLX1 or oe-NC. 
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After 24 h of transfection, luciferase activity was detected 
using a luciferase assay kit (RG005, Beyotime).

Electrophoresis mobility shift assay (EMSA)
To confirm the binding relationship between TLX1 and 
the TRAPPC9 promoter, we designed 5’ biotin-tagged 
oligonucleotides of the TLX1 promoter and customized 
recombinant proteins of TLX1 at Thermo Fisher. EMSA 
was then performed using the LightShift Chemilumi-
nescent EMSA Kit (20148, Thermo Fisher) according to 
the instructions. Briefly, biotin-labeled oligonucleotides 
were incubated with TLX1 recombinant protein in bind-
ing buffer (1× binding buffer, 2.5% glycerol, 5 mmol/L 
MgCl2, 50 ng/µL Poly(dI: dC), and 0.05% NP-40) for 
20  min at room temperature. The resulting protein-
DNA complexes were electrophoresed and transferred 
to a nylon membrane. Biotin-labeled DNA was detected 
using streptavidin/horseradish peroxidase conjugate. To 
confirm the specificity of TLX1 binding to the TRAPPC9 
promoter, we used a 500-fold excess of cold probe as a 
control.

In vivo tumor model
The experimental protocol was approved by the Eth-
ics Committee for Animal Experiments of Jurong Hos-
pital Affiliated to Jiangsu University. BALB/C nude 
mice (6-week-old, male) were purchased from Vital 
River (Beijing, China). Briefly, 2.0 × 106 Huh-7 cells sus-
pended in 50 µL PBS were subcutaneously injected into 
the mice. Tumor volumes of mice were examined 3, 6, 9, 
12, and 15 days after injection, and mice in each group 
were euthanized after 15 days by an overdose of pento-
barbital (125 mg/kg). The weight and size of the tumors 
were determined to indicate the tumorigenic capacity 
of Huh-7 cells with different treatments. The tumor vol-
ume was calculated using the formula: Volume = length × 
width2/2.

RT-quantitative PCR analysis
Total RNA was extracted from THLE-2, Huh-7, 
MHCC97H, HepG2, and SNU-398 cells using TRIzol 
reagent (15596026, Thermo Fisher Scientific), and cDNA 
synthesis was performed using the RevertAid RT kit 
(K1691; Thermo Fisher Scientific). RT-qPCR was per-
formed using Fast SYBR (4385610, Thermo Fisher Sci-
entific) to quantify the ZFP69B, TLX1, and TRAPPC9 
transcript levels. Data were analyzed using the 2−ΔΔCT 
calculation method. The primer sequences were as fol-
lows: ZFP69B forward, 5’-​G​G​A​G​A​A​G​A​A​C​C​A​T​G​G​C​T​G​
A​T​G​G-3’ and reverse 5’-​G​C​C​A​C​A​A​T​G​T​A​G​T​T​C​T​T​C​C​
C​A​C​G-3’; TLX1 forward, 5’- ​G​G​T​C​A​A​A​A​C​C​T​G​G​T​T​C​
C​A​G​A​A​C​C-3’ and reverse 5’- ​T​G​T​G​C​C​A​G​G​C​T​C​T​T​C​T​
G​G​A​A​G​G-3’; TRAPPC9 forward, 5’-​T​G​G​C​A​T​C​A​A​C​C​C​
T​G​A​C​A​C​C​A​G​T-3’ and reverse 5’-​A​G​G​A​C​A​C​G​T​A​C​A​G​

C​C​T​T​G​A​T​G​C-3’; GAPDH forward, 5’-​G​T​C​T​C​C​T​C​T​G​
A​C​T​T​C​A​A​C​A​G​C​G-3’ and reverse 5’-​A​C​C​A​C​C​C​T​G​T​T​
G​C​T​G​T​A​G​C​C​A​A-3’.

Western blot and antibodies
Treated HCC cells were lysed with lysis buffer (15 
mmol/L Tris-HCl pH = 7.5, 150 mmol/L NaCl, 0.1% 
Tween 20, and 1 mmol/L DTT) supplemented with 
protease inhibitors for 25  min on ice and centrifuged 
to collect total proteins. The protein concentration was 
quantified using a BCA protein assay kit. Proteins were 
separated via SDS-polyacrylamide gel electrophoresis. 
Next, samples were transferred to polyvinylidene difluo-
ride (PVDF) membranes. Non-specific binding sites on 
the membranes were blocked for 1  h with 5% non-fat 
milk. After blocking, membranes were incubated first 
with primary antibodies to p-P65 (1:1000, ab76302, 
Abcam), Bcl2 (1:2000, ab182858, Abcam), Cyclin D1 
(1:20, MA5-16356, Thermo Fisher Scientific) and β-actin 
(1:5000, GTX110564, GeneTex) and then with horserad-
ish peroxidase-coupled goat anti-rabbit IgG antibody 
(1:100, GTX213110-01, GeneTex) for 2  h at room tem-
perature. Finally, immunoreactions were visualized using 
an ECL substrate.

Statistics
Data are shown as mean ± standard error of the mean 
unless otherwise indicated. GraphPad Prism 8.0.2 
(GraphPad, San Diego, CA, USA) software was used for 
statistical analysis. Fisher’s exact test was used to analyze 
the correlation between two categorical variables. Paired 
or unpaired t-tests and ANOVA, followed by Tukey’s or 
Sidak’s multiple comparison tests, were performed for 2 
groups and 3 groups, respectively. p < 0.05 was consid-
ered significant.
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