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Abstract

Background: The F-box protein 43 (FBXO43), also referred to as en-
dogenous meiotic inhibitor 2 (EMI2), has been linked to the advance-
ment of various types of cancer, such as hepatocellular carcinoma, 
breast cancer, cholangiocarcinoma, and gastric cancer. Nevertheless, 
the precise function of FBXO43 in colorectal cancer (CRC) remains 
unclear. This study employed data from The Cancer Genome Atlas 
(TCGA) and clinical specimens to analyze the expression, prognostic 
value, and chemotherapeutic advantages of FBXO43 in CRC.

Methods: Level 3 RNA sequencing data pertaining to 631 cases of co-
lon and rectal adenocarcinomas (COAD-READ) were downloaded from 
TCGA. The data were utilized to analyze the expression, prognosis, and 
related signal pathways of FBXO43. The expression of FBXO43 in clin-
ical samples was subsequently confirmed through the use of real-time 
quantitative polymerase chain reaction (qPCR) and immunohistochem-
istry (IHC). Lastly, a tissue microarray (TMA) consisting of 120 cases 
of CRC and corresponding normal tissues was established to investigate 
the relationship between FBXO43 and survival outcomes.

Results: Results from both the TCGA analysis and clinical samples 
indicated that FBXO43 was significantly upregulated in CRC tissues 
in comparison to normal tissues. Moreover, high level of FBXO43 
was found to be relevant to malignant clinical features, such as dif-

ferentiation, lymph node metastasis, and pathological stage, as well 
as unfavorable prognosis in CRC patients. Subgroup analysis further 
demonstrated that FBXO43 could be an effective parameter for strati-
fying low-risk CRC patients. Notably, survival analysis showed that 
patients with high level of FBXO43 had worse overall survival (OS) 
and disease-free survival (DFS) following adjuvant chemotherapy, 
and FBXO43 was distinctly upregulated in chemotherapy-resistant 
patients’ primary CRC tissues.

Conclusions: FBXO43 was upregulated and associated with poor 
prognosis of CRC; patients with high expression of FBXO43 may not 
be benefit from adjuvant chemotherapy.
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Introduction

Colorectal cancer (CRC) leads to approximately 10% of can-
cer-related deaths worldwide and ranks second among women 
and third among men [1]. The estimated 5-year and 10-year 
survival rates are 65% and 58%, respectively, with men hav-
ing 25% higher incidence and mortality rates than women [2]. 
The initiation of CRC is induced by a range of factors [3], 
such as age, race, gender, body weight, diet, smoking, alcohol 
consumption, genetic epidemiology, and inflammatory bowel 
disease, etc. The prognosis for patients with CRC remains un-
favorable due to frequent late-stage diagnoses. However, the 
implementation of widespread CRC screening has facilitated 
the early detection of precancerous adenomas, resulting in a 
significant reduction in both the incidence and mortality rates 
of CRC [4, 5]. Despite the advent of immunotherapy, surgical 
resection and chemotherapy remain the primary modalities for 
treating CRC, with adjuvant chemotherapy typically recom-
mended for high-risk patients with stage II or III CRC follow-
ing surgery. As such, the identification of novel biomarkers or 
therapeutic targets for CRC screening is of utmost importance.

The F-box protein 43 (FBXO43), also referred to as en-
dogenous meiotic inhibitor 2 (EMI2), is a member of the F-
box protein family and is distinguished by an F-box motif of 
approximately 40 amino acids. In spermatocytes, FBXO43 
impedes UBE2C (ubiquitin conjugating enzyme E2C) bind-
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ing to anaphase-promoting complex/cyclosome (APC/C) and 
facilitates meiotic MII (the second metaphase of meiosis) ar-
rest in the early diplotene stage of prophase I [6]. Moreover, 
various studies have indicated the involvement of FBXO43 
in the development of tumors. Xu et al [7] conducted a gene 
coexpression network analysis, revealing that FBXO43, along 
with nine other genes, could potentially serve as biomarkers 
for predicting survival of patients with hepatocellular carcino-
ma (HCC). This finding was subsequently validated in clinical 
HCC tissues and cell lines [8, 9]. FBXO43 has been observed 
to be overexpressed in breast cancer and cholangiocarcinoma 
[10, 11]. Nevertheless, the precise function of FBXO43 in 
CRC remains unclear. Consequently, additional investigation 
is warranted to elucidate the relationship between FBXO43 
and CRC pathogenesis and prognosis.

In this study, we identified that the upregulated expression 
of FBXO43 was linked to unfavorable prognosis in CRC. A 
correlation was observed between the expression of FBXO43 
and various clinicopathologic features as well as patients’ prog-
nosis. Moreover, survival analysis showed that patients with 
high level of FBXO43 had worse overall survival (OS) and 
disease-free survival (DFS) following postoperative chemo-
therapy, and FBXO43 was upregulated in patients who were 
resistant to chemotherapy. These data suggested that FBXO43 
could serve as a potential biomarker for chemotherapy.

Materials and Methods

Patients and samples

The aforementioned studies were granted approval by the Ethi-
cal Committee of the General Hospital of Xinjiang Military 
Command. A cohort of 120 CRC tumor and corresponding para-
tumor normal tissues were procured from patients who under-
went surgical resection at the General Hospital of the Xinjiang 
Military Command (Urumqi, China) between 2011 and 2018. 
Comprehensive details are provided here (Supplementary Ma-
terial 1, www.wjon.org). The Kaplan-Meier method was em-
ployed to analyze the OS and DFS outcomes. During the final 
follow-up appointment, the OS was calculated as the duration 
between the date of surgery and the date of death or censoring, 
whereas the DFS was determined by utilizing the date of surgery 
and the date of recurrence or censoring. FOBX43 mRNA ex-
pression was analyzed in 30 paired CRC and para-tumor tissues 
from CRC patients through real-time polymerase chain reaction 
(qPCR). This study was conducted in compliance with the ethi-
cal standards of the responsible institution on human subjects as 
well as with the Helsinki Declaration.

RNA extract and real-time quantitative polymerase chain 
reaction (qPCR) analysis

RNA extraction from tissues was performed using Trizol (Invitro-
gen), followed by reverse transcription using a Reverse Transcrip-
tion System (Promega). The resulting cDNA was combined with 
SYBR Green PCR Kit (Roche) and specific primers to initiate 

real-time qPCR using the Roche Light Cycler 96 System (Roche, 
USA). The relative mRNA expression levels were determined us-
ing the 2-ΔΔCt method and normalized to β-actin (FBXO43, for-
ward primer: 5'-GGAAAGTAAGCAGAAATTGGCGTG-3', re-
verse primer: 5'-GAGTGGCAGCATCCTCGACATT-3'; β-actin, 
forward primer: 5'-GACGATATCGCTGCGCTGG-3', reverse 
primer: 5'-CCACGATGGAGGGGAATA-3').

Immunohistochemistry (IHC)

Tissue samples were formalin-fixed and paraffin-embedded 
and sectioned for IHC staining as described previously [12]. 
Tissue microarray (TMA) was blocked by 3% hydrogen per-
oxide and goat serum and then incubated with primary anti-
body (anti-FBXO43) and second secondary antibody (goat 
anti-rabbit). Finally, positive granules were stained by DAB 
(K3486, DAKO), followed by hematoxylin counterstaining. 
The stained sections were scanned by ScanScope XT (Aperio 
Technologies) scanner, and two experienced pathologists inde-
pendently reviewed the image of section. Finally, Image Scope 
(Aperio Technologies) algorithms of positive pixel count were 
used to quantify and score the images.

TCGA data preparation

Level 3 of RNA sequencing data with clinical information of 
631 cases of CRC (COAD-READ) and 57 cases of normal tis-
sue were downloaded from the TCGA website [13] to investi-
gate the expression and prognostic potential of FBXO43 by R 
(version 4.2.1).

Differentially expressed genes (DEGs) and enrichment 
analysis

The “EdgeR” R package was employed to investigate the 
DEGs between high (70-100%) and low (0-30%) expression of 
FBXO43 among CRC samples from TCGA. The results were 
visualized using a volcano plot. Subsequently, DEGs with |log-
2FC| > 1 and adjusted P < 0.05 were selected for Kyoto Ency-
clopedia of Genes and Genomes (KEGG) enrichment analysis 
using the “clusterProfiler” package. Additionally, all DEGs 
were subjected to Gene Set Enrichment Analysis (GSEA) us-
ing the same package.

Statistical analysis

Statistical analysis was performed using R software version 
4.2.1. The two-group comparison was conducted using either 
the Student’s t-test or Fisher exact test. Pearson and Spearman 
correlation were employed to determine correlation. The Ka-
plan-Meier method was used to compare patients’ survival of 
distinct subgroups, and log-rank analysis was conducted to test 
the significance of the results. A P value smaller than 0.05 was 
considered statistically significant.
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Results

FBXO43 was highly expressed in CRC tissues

The expression of FBXO43 was initially evaluated in TCGA 
samples and clinical tissues. Results of TCGA data (Fig. 1a, b) 
demonstrated a significant upregulation of FBXO43 in CRC 
tissues (n = 631) compared to normal tissues (n = 57). Fur-
thermore, qPCR analysis revealed an upregulation of FBXO43 
mRNA in CRC tissues (n = 30) (Fig. 1c). Additionally, IHC 
analysis confirmed an apparent increase in the protein level of 
FBXO43 in CRC tissues (Fig. 1d). Furthermore, within cohort 
1 consisting of 120 patients, it was observed that 56.67% of 
patients displayed elevated expression of FBXO43 in CRC tis-
sues compared to corresponding para-tumor tissues (Fig. 1e). 
These findings indicate a significant upregulation of FBXO43 
in CRC tissues.

High FBXO43 was associated with poor clinical charac-
teristics and prognosis of CRC

To further evaluate the clinical significance of FBXO43 in 
CRC, 120 CRC patients were stratified into “FBXO43 high” 
and “FBXO43 low” groups according to the median FBXO43 

level quantified by Image Scope. Correlation analysis demon-
strated a positive association between elevated FBXO43 pro-
tein levels and aggressive clinical features, such as T stage, 
N stage, and pathological stage (Supplementary Material 1, 
www.wjon.org). Moreover, patients with poorly differenti-
ated tumors, lymph node metastasis, or advanced pathologi-
cal stages exhibited pronounced FBXO43 staining (Fig. 2a-c). 
Additionally, the Kaplan-Meier survival analysis revealed that 
elevated FBXO43 levels in CRC were linked to inferior OS 
and DFS (Fig. 2d, e). The results of the univariate analysis 
indicated a significant correlation between elevated levels of 
FBXO43 and unfavorable patient outcomes. Furthermore, the 
multivariate COX regression analysis revealed that high ex-
pression of FBXO43 was an independent prognostic factor for 
OS in patients. Although patients with high FBXO43 exhibited 
a slightly inferior DFS, the difference was not statistically sig-
nificant (Supplementary Material 2, 3, www.wjon.org). Sur-
vival analysis also revealed the prognostic value of FBXO43 
in the TCGA cohort (Supplementary Material 4, www.wjon.
org).

Prognostic value of FBXO43 for subgroup stratification of 
CRC

Given that age, gender, tumor stage, tumor size, and invasion 

Figure 1. FBXO43 was highly expressed in CRC tissues. (a, b) The expression of FBXO43 in unpaired (a) and pair (b) tissues 
between CRC and normal tissues in TCGA. (c) mRNA expression of FBXO43 in 30 pairs of CRC and para-tumor normal tissues 
were determined by real-time qPCR. (d) Representative IHC staining of FBXO43 expression in CRC (scale bar: 100 µm). (e) 
FBXO43 was upregulated in the majority of CRC patients (56.67%). FBXO43: F-box protein 43; CRC: colorectal cancer; TCGA: 
The Cancer Genome Atlas; PCR: polymerase chain reaction; IHC: immunohistochemistry.
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are widely acknowledged factors associated with prognosis, 
the prognostic significance of FBXO43 across various clinical 
subgroups was investigated through univariate Cox regression. 
The results showed that patients with high FBXO43 levels had 
significant worse OS in several subgroup including female (P 
= 0.011, hazard ratio (HR) = 7.140 (1.562 - 32.633)), age ≥ 60 
(P = 0.022, HR = 3.802 (1.211 - 11.933)), tumor size < 5 cm 
(P = 0.014, HR = 4.756 (1.379 - 16.403)), moderate differen-
tiation (P = 0.012, HR = 6.675 (1.505 - 29.606)), no vessel 
invasion (P = 0.012, HR = 4.066 (1.356 - 12.199)), no nerve 
invasion (P = 0.008, HR = 4.341 (1.457 - 12.932)), M stage 0 
(P = 0.013, HR = 3.560 (1.310 - 9.676)) and T stage III - IV (P 
= 0.042, HR = 3.114 (1.039 - 9.333)) (Fig. 3a). While worse 
DFS were observed in subgroup patients with high FBXO43 
levels including female (P = 0.01, HR = 3.121 (1.318 - 7.390)), 
age < 59 (P = 0.045, HR = 3.610 (1.027 - 12.687)), tumor size 
< 5 cm (P = 0.016, HR = 2.872 (1.213 - 6.802)), moderate dif-
ferentiation (P = 0.002, HR = 4.646 (1.731 - 12.469)), no ves-
sel invasion (P = 0.002, HR = 3.445 (1.546 - 7.676)), no nerve 
invasion (P = 0.011, HR = 2.431 (1.226 - 4.821)) and M stage 0 
(P = 0.022, HR = 2.134 (1.114 - 4.089)) (Fig. 3b). Additionally, 
Kaplan-Meier survival analysis revealed consistent prognostic 

value in those subgroups (Fig. 3c-j). These data suggested that 
FBXO43 could be an effective parameter for stratifying low-
risk CRC patients.

FBXO43 was associated with chemotherapy resistance in 
CRC patients

To explore the potential biological function of FBXO43 in 
CRC, differential expression profiles were examined between 
TCGA CRC samples that expressed high (70-100%) and low 
(0-30%) levels of FBXO43. A total of 84 upregulated genes 
and 113 downregulated genes were identified in the group 
with high expression of FBXO43 (|log2FC| > 1, adjusted P < 
0.05) (Fig. 4a). The results of the KEGG signaling pathway 
enrichment analysis indicate that the DEGs were significantly 
enriched in various metabolic pathways, including drug me-
tabolism - cytochrome P450, complement and coagulation 
cascades, metabolism of xenobiotics by cytochrome P450, 
tyrosine metabolism, retinol metabolism, and linoleic acid me-
tabolism (Fig. 4b). Besides, GSEA was ulteriorly conducted in 
patients with high and low expression of FBXO43 in TCGA, 

Figure 2. High level of FBXO43 was associated with poor clinical characteristics and prognosis. (a-c) Representative IHC 
staining of FBXO43 expression in different clinical stage CRCs: differentiation (a), lymph metastasis (b), and pathological stage 
(c) (scale bar: 100 µm). (d-e) OS (d) and RFS (e) of CRC patients after surgery resection were compared between the “high 
FBXO43” and “low FBXO43” groups using Kaplan-Meier analysis. FBXO43: F-box protein 43; IHC: immunohistochemistry; CRC: 
colorectal cancer; OS: overall survival; DFS: disease-free survival; HR: hazard ratio.
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Figure 3. Prognostic value of FBXO43 for subgroup stratification of CRC. (a, b) Subgroup analysis of OS (a) and (b) by Cox 
regression according to the FBXO43 levels in cohort 1. (c) The OS of patients (female) in cohort 1 was compared between 
FBXO43 high and FBXO43 low groups. (d) The OS of patients (age ≥ 60) in cohort 1 was compared between FBXO43 high and 
FBXO43 low groups. (e) The OS of patients (tumor size < 5 cm) in cohort 1 was compared between FBXO43 high and FBXO43 
low groups. (f) The OS of patients (moderate differentiation) in cohort 1 was compared between FBXO43 high and FBXO43 
low groups. (g) The OS of patients (T stage III - IV) in cohort 1 was compared between FBXO43 high and FBXO43 low groups. 
(h) The DFS of patients (age < 59) in cohort 1 was compared between FBXO43 high and FBXO43 low groups. (i) The DFS of 
patients (tumor size < 5 cm) in cohort 1 was compared between FBXO43 high and FBXO43 low groups. (j) The DFS of patients 
(moderate differentiation) in cohort 1 was compared between FBXO43 high and FBXO43 low groups. FBXO43: F-box protein 43; 
CRC: colorectal cancer; OS: overall survival; DFS: disease-free survival; HR: hazard ratio; CI: confidence interval.
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and several drug-metabolism related pathways were conspicu-
ously restrained including drug induction of bile acid pathway, 
drug metabolism other enzymes, drug metabolism cytochrome 
P450 and drug absorption, distribution, metabolism, and ex-
cretion (ADME) (Fig. 4c). Hence, we postulated that FBXO43 
may contribute to chemotherapy response for CRC patients. 
Subsequent analysis of data from 94 out of 120 patients (43 
out of 60 in FBXO43 low group and 51 out of 60 in FBXO43 
high group), who underwent surgical resection and received at 
least three courses of adjuvant folinic acid/5-fluorouracil/ox-
aliplatin (FOLFOX) chemotherapy was conducted to validate 
the efficacy of FBXO43 in adjuvant chemotherapy. According 
to the results, patients with high FBXO43 levels had signifi-
cantly shorter OS and DFS than those with low levels (Fig. 4d, 
e). Among patients undergoing adjuvant chemotherapy, those 
who exhibited recurrence of tumor within 1 year were consid-
ered chemotherapy-resistant, and those with a DFS more than 
5 years were considered chemotherapy-sensitive. We further 
reviewed the expression of FBXO43 in primary CRC tissues 

obtained from chemotherapy-resistant patients. There is a 
significant increase of FBXO43 expression in chemotherapy-
resistant patients’ primary CRC tissues compared to those with 
chemotherapy-sensitive CRC (Fig. 4f). These results suggest 
that patients with elevated levels of FBXO43 expression may 
not derive therapeutic benefits from chemotherapy following 
surgical resection.

Discussion

The present study reveals that FBXO43 was significantly up-
regulated in CRC, as evidenced by the analysis of the TCGA 
database. This finding was subsequently confirmed by qPCR 
and IHC, which demonstrated an upregulation of FBXO43 
mRNA and protein levels in CRC tissues. Additionally, a ma-
jority of the 120 CRC patients (56.67%) exhibited higher tu-
moral expression of FBXO43 compared to para-tumor tissues 
(Fig. 1). Moreover, the expression of FBXO43 was found to 

Figure 4. FBXO43 was associated with chemotherapy resistance in CRC patients. (a) Differential expression genes (DEGs) 
between FBXO43 high and FBXO43 low groups in the TCGA cohort were shown by volcano plots. Each red dot indicates an 
upregulated gene, and each blue dot indicates a downregulated gene (fold change > 1, adjusted P < 0.05). (b) Results of KEGG 
pathway analysis of DEGs (fold change > 1, adjusted P < 0.05). (c) Results of GSEA enrichment analysis of DEGs. (d, e) The OS 
and DFS of patients who receiving chemotherapy in cohort 1 after surgery resection were compared between FBXO43 high and 
FBXO43 low groups. (f) Representative IHC staining of FBXO43 expression in chemotherapy-resistance and chemotherapy-sen-
sitive CRC tissues (scale bar: 100 µm). FBXO43: F-box protein 43; CRC: colorectal cancer; OS: overall survival; DFS: disease-
free survival; HR: hazard ratio; TCGA: The Cancer Genome Atlas; IHC: immunohistochemistry; KEGG: Kyoto Encyclopedia of 
Genes and Genomes; GSEA: Gene Set Enrichment Analysis.
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be significantly increased in CRC patients with advanced T 
stage (III - VI), poorly differentiated tumors, and lymphatic 
metastasis. Previous studies have demonstrated the crucial 
involvement of FBXO43 in tumorigenesis, with upregulation 
observed in various malignancies such as HCC [14, 15], breast 
cancer [10], and cholangiocarcinoma [11]. The activation of 
the PI3K/AKT/P27 signaling pathway via FBXO43 has been 
found to promote the progression of cholangiocarcinoma [11]. 
Conversely, the inhibition of FBXO43 has been demonstrated 
to significantly impede the malignant progression of breast 
cancer cells by means of the degradation of proliferating cell 
nuclear antigen (PCNA) [10]. Taken together, these findings 
suggest that FBXO43 may represent a commonly differentially 
expressed gene in various types of cancer.

Results of univariate and multivariate analyses, along with 
Kaplan-Meier analysis, indicate that FBXO43 is an autono-
mous risk factor for OS in CRC patients (Fig. 2), which high-
lights the clinical prognostic potential of FBXO43. Additional-
ly, male gender and advanced age are widely acknowledged as 
risk factors for CRC. Furthermore, larger tumor size, advanced 
pathologic stage, and invasion of vessel or nerve are common-
ly linked to poorer survival outcomes [1, 16, 17]. Prognostic 
value of FBXO43 for OS and DFS was further identified in 
these subgroups regarding age, sex, tumor size, pathological 
stage, and invasion (Fig. 3). The findings of our study indi-
cate that a heightened expression of FBXO43 can differentiate 
cohorts with inferior survival rates, particularly in individu-
als with lower risk profiles (i.e., female gender, age below 60 
years, tumor size less than 5 cm, absence of nerve or vessel 
invasion, and no metastasis). Based on these results, FBXO43 
may serve as a valuable prognostic marker and complement 
other risk factors in forecasting survival outcomes.

To explore the function of FBXO43, KEGG and GSEA 
functional enrichment analysis were performed using TCGA 
data, which showed that CRC patients with high level of 
FBXO43 exhibited significant inhibition of both the hsa00980 
(metabolism of xenobiotics by cytochrome P450) and 
hsa00982 (drug metabolism) pathways. Cytochrome p450 en-
zymes (CYPs) is the main enzymes involved in drug metabo-
lism, and it has been found that the combination of pathway 
hsa00980 (metabolism of xenobiotics by cytochrome P450) 
and hsa00982 (drug metabolism) contributes to drug resistance 
or adverse reaction during chemotherapy for gastric adenocar-
cinoma [18]. We further suspected that patients with high level 
of FBXO43 may be resistant to chemotherapy due to defects 
in drug metabolism. All stage III and a portion of stage II or 
stage IV CRC patients were recommended to receive adjuvant 
chemotherapy, and 5-fluorouracil (5-FU) based chemotherapy 
is the most common treatment. To explore the role of FBXO43 
in CRC chemotherapy, 94 CRC patients treated with at least 
three courses of standard FOLFOX chemotherapy regimens 
after surgery were retrospectively analyzed in our study. Sur-
vival analysis indicated that patients with low expression of 
FBXO43 showed a significantly preferable prognosis, sug-
gesting that these patients may benefit from chemotherapy 
while those with high expression of FBXO43 may not. In ad-
dition, we observed that FBXO43 was distinctly elevated in 
chemotherapy-resistant patients’ primary CRC tissues before 
receiving chemotherapy. These results suggest that FBXO43 

may be a potential biomarker in selection of CRC patients for 
chemotherapy.

Although the relationship between FBXO43 and chemo-
therapy has not been reported, in our knowledge, other re-
searchers have reported its relationship with chemo-resistant 
genes. For example, p53 is widely accepted as a responsible 
gene for chemotherapy resistance [19, 20]. Zhou et al raised 
that methyltransferase 3 (METTL3)/insulin like growth fac-
tor 2 (IGF2BP2)-mediated upregulation of FBXO43 pro-
motes HCC malignancy by stimulating p53 degradation in a 
UBE2C-dependent manner [9]. Similarly, FBXO43 has been 
reported to facilitate cancer progression by increasing stability 
of CCND1 [14]; and in vitro experiments showed that inhi-
bition of CCND1 reduces the 5-FU resistance in CRC cells 
[21]. Collectively, the above data suggested a FBXO43 me-
diated chemotherapy resistance mechanism, however, further 
research is required to determine how FBXO43 disrupts these 
metabolic pathways and results in chemotherapy resistance.

Nevertheless, there are several things to mention. Firstly, 
our study collected data and samples in a retrospective manner, 
and further investigation involving a prospective validation 
cohort is worthwhile. Secondly, due to the small number of 
cases in some subgroups in our cohort, such as stage M1, fur-
ther research is needed on FBXO43’s role in these subgroups. 
Thirdly, the biological function of FBXO43 in CRC is not well 
known, which needs in vivo and in vitro experiments for fur-
ther exploration.

In summary, we found that upregulated expression of 
FBXO43 in tumor tissues was associated with poor OS and 
DFS for CRC patients. Moreover, patients with high FBXO43 
may not benefit from chemotherapy after surgical resection. 
Our data suggested that FBXO43 may serve as a biomarker for 
prognostic and chemotherapeutic prediction.
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