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HOXB8 contributed to oxaliplatin chemo-resistance in colon cancer cells by activating STAT3
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Abstract: Background: Homeobox B8 (HOXB8), a member of HOX family, plays a key role in the development of colorectal cancer (CRC). However, the function of HOXB8 in oxaliplatin (OXA) resistance in CRC is still unclear. This study investigated the role and precise molecular mechanism of HOXB8 in OXA-resistant CRC cells. Methods: The cell viability was measured by the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay, and the colony forming ability was determined by colony formation assay. The silencing RNA (siRNA) approach was used to knockdown HOXB8 in CRC cells while the lentiviral transfection system was used to establish stable HOXB8 overexpressing CRC cells. The protein and mRNA levels were evaluated by western blot and real-time reverse transcription-polymerase chain reaction. Results: HOXB8 expression was upregulated in OXA-resistant HCT116 cells (HCT116/OXA) compared to its level in the parent HCT116 cells. Knockdown of HOXB8 significantly inhibited CRC cell growth by suppressing the signal transducer and activator of transcription 3 (STAT3) pathway. HOXB8 knockdown also potentiated cytotoxicity of OXA in CRC cells. Inversely, HOXB8 overexpression attenuated OXA-induced growth inhibition of HCT116 cells and RKO cells by activating STAT3 signaling. HOXB8 knockdown effectively inhibited HCT116/OXA cell viability regardless of OXA treatment by suppressing STAT3 signaling. Conclusions: These results shed light on the important functions of HOXB8 in OXA-resistant CRC and suggested that targeting HOXB8 might be an effective therapeutic strategy for select OXA-resistant CRC patients.
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Abbreviations



	ATP7A
	ATPase copper transporting alpha



	ANOVA
	One-way analysis of variance



	CAFs
	Carcinoma-associated fibroblasts



	CRC
	Colorectal cancer



	CSCO
	Chinese Society of Clinical Oncology



	ECL
	Enhanced chemiluminescence



	EMT
	Epithelial-mesenchymal transition



	FOLFOX4
	Fluorouracil, leucovorin, and oxaliplatin



	HCT116/OXA
	OXA-resistant HCT116 cells



	HOXB8
	Homeobox B8



	HRP
	Horseradish peroxidase



	IC50
	Half-maximal inhibitory concentration



	JAK
	Janus kinase



	LATS1
	Large tumor suppressor kinase 1



	LUAD
	Lung adenocarcinoma



	MTT
	3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide



	NBAT-1
	Neuroblastoma associated transcript 1



	ORR
	Objective response rate



	OS
	Overall survival



	OXA
	Oxaliplatin



	PBS
	Phosphate-buffered saline



	PFS
	Progression-free survival



	PVDF
	Polyvinylidene difluoride



	qRT-PCR
	Quantitative real-time polymerase chain reaction



	RPMI
	Roswell Park Memorial Institute



	SD
	Standard deviation



	STAT3
	Signal transducer and activator of transcription 3



	SiRNA
	Silencing RNA



	TF
	Transcription factor



	TBST
	Tween® 20 detergent



	UHMK1
	U2AF homology motif kinase 1



	WWC3
	WW-and-C2-domain-containing protein family member 3



	YAP
	Yes-associated protein



	ZEBI
	Zinc finger E-box binding homeobox I





Introduction

Colorectal cancer (CRC) is one of the most common malignant tumors in the world. The incidence and the mortality rate of CRC occupies the third position in European countries (Biller and Schrag, 2021). Further, the numbers of CRC cases are increasing every year due to an unhealthy lifestyle (Cardoso et al., 2021). Currently, surgical resection, chemotherapy, radiotherapy, targeted therapy, and immunotherapy have been often used for the treatment of CRC (Akgül et al., 2014; Ganesh et al., 2019). The prognosis and treatment strategy of CRC is closely related to the tumor stage. In recent years, oxaliplatin (OXA) has been widely used as a first-line chemotherapeutic agent in CRC treatment (Biswas et al., 2019). According to the Chinese Society of Clinical Oncology (CSCO) reports, OXA significantly improved the objective response rate (ORR), progression-free survival (PFS), and overall survival (OS) of stage III–IV CRC after surgical resection (Deng, 2021). Mechanistically, OXA binds to DNA and forms platinum-DNA adducts to suppress DNA replication and cause DNA lesions (Yin et al., 2017). Although OXA has many therapeutic advantages in CRC, subsequent drug resistance impairs its further clinical application. The drug-resistant mechanisms of oxaliplatin include altered detoxifying antioxidant levels and increased nucleotide excision repair of the DNA lesions (Jensen et al., 2015). However, molecular mechanisms underlying OXA resistance are not fully understood in patients with recurrent CRC (Zhu et al., 2020). Therefore, dissecting and understanding underlying molecular mechanisms in OXA-resistant CRC cells are significant research avenues and can provide alternative therapeutic methods for OXA-resistant CRC patients.

Homeobox (HOX) genes comprise 61 amino acids, first discovered in Drosophila melanogaster (Qian et al., 1989). Evidence has shown that HOX genes regulated the transcriptional activators or repressors in various cancers (Bhatlekar et al., 2014). Homeobox B8 (HOXB8), a member of HOX family, modulates the proliferation, invasion, and metastasis of various cancer cells such as gastric cancer and osteosarcoma by regulating Wnt/β-catenin or epithelial-mesenchymal transition (EMT) (Stavnes et al., 2013; Ding et al., 2017; Guo et al., 2019). In addition, HOXB8 promoted the proliferation and metastasis of colorectal cancer cells by activating STAT3 (Wang et al., 2019). Knocking down HOXB8 increased chemotherapy sensitivity with fluorouracil, leucovorin, and oxaliplatin (FOLFOX4) in colon cancer cells and suppressed CRC progression by regulating miR-196 (Shen et al., 2016). Furthermore, HOXB8 expression was upregulated in CRC tissues compared to those in adjacent normal tissues. This higher expression was related to prognosis and pathological parameters, suggesting HOXB8 might be a useful biomarker in CRC (Abuderman et al., 2020).

Signal transducers and activators of transcription 3 (STAT3) was highly activated in various cancers and involved in cancer progression, metastasis, and drug resistance. Additionally, such STAT3 hyperactivation facilitated CRC cell growth, invasion, and metastasis (Fu et al., 2016). Inversely, inhibition of STAT3 signaling suppressed CRC progression and metastasis (Shan et al., 2022). In another report, STAT3 hyperactivation could mediate drug resistance in the brain, thoracic and gastrointestinal tumors (Sadrkhanloo et al., 2022). Our previous study demonstrated that HOXB8 promoted the proliferation and metastasis of CRC cells by activating the EMT signaling pathway (Wang et al., 2019). Thus, we hypothesized that HOXB8 may be involved in the OXA-resistance of colon cancer cells by activating the STAT3 pathway.

The expression of HOXB8 and p-STAT3 was up-regulated in OXA-resistant CRC cells. Further, HOXB8 knockdown reduced p-STAT3 expression and sensitized colon cancer cells to OXA treatment. Inversely, HOXB8 overexpression had opposite effects in colon cancer cells. HOXB8 knockdown in OXA-resistant CRC cells significantly inhibited cell growth by suppressing p-STAT3 expression, suggesting that HOXB8 might be a potential therapeutic target for the treatment of OXA-resistant CRC.

Materials and Methods

Cell culture

We obtained RKO, HCT116 parental, and Oxaliplatin-resistant (HCT116/OXA) cell lines from the Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, China). The cells were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium (Gibco, Eggenstein, Germany) with 10% fetal bovine serum (FBS; Gibco, Eggenstein, Germany) and 100 U/ml penicillin-streptomycin (Solarbio, Beijing, China) at 37°C and 5% CO2.

Reagents and antibodies

Oxaliplatin was purchased from TargetMol (Shanghai, China), stored at −80°C, and dissolved in phosphate-buffered saline (PBS) (Solarbio, Beijing, China). HOXB8 antibody was obtained from Biorbyt (San Francisco, California, USA). The antibodies against phospho-STAT3 (p-STAT3) and STAT3 were purchased from Cell Signaling Technology (Danvers, USA). A quantitative real-time polymerase chain reaction (qRT-PCR) kit was purchased from Takara (Shiga, Japan). TRIzol reagent and PCR primers were obtained from Invitrogen (Carlsbad, USA).

Cell proliferative assay

Cell proliferation was assessed by the MTT assay (Solarbio, Beijing, China). The cells (3–4 × 103 cells/100 μl per well) were seeded in a 96-well plate overnight and then exposed to different concentrations of OXA (0.5, 1, 2.5, 5, 10, 20, 40, 60, and 80 µM) for 48 h. Subsequently, the MTT reagent was added to each well and incubated in a 5% CO2 atmosphere in an incubator at 37°C. The culture medium was removed after 3 h, and 150 μL dimethyl sulfoxide (DMSO) was added into each well to dissolve the formazan. The absorbance (OD 490 nm) was measured using the SpectraMax iD3 Multi-Mode Microplate Reader (MD, USA).

Colony formation assay

The colony formation assay was done to assess the cell colony-forming ability. The cells (1500 cells per well) were incubated in a 6-well plate overnight. After treatment with various concentrations of OXA (0.1, 0.5, and 1 µM) for 24 h, the cells were continued to be cultured for 7–10 days at 37°C and 5% CO2 in an incubator. Finally, the colonies were fixed in 4% paraformaldehyde and stained with 0.1% crystal violet. Colonies were counted using Image J software.

small interfering RNA transfection

Negative control siRNA and siRNA against HOXB8 were synthesized from GenePharma (Shanghai, China). To knockdown HOXB8 in RKO, HCT116, and HCT116/OXA cell lines, HOXB8 siRNA was transfected into cells using LipofectamineTM 3000 (Invitrogen, USA) according to the manufacturer’s instructions. Transfection efficiency was evaluated by qRT-PCR and western blot analyses. The negative control siRNA and HOXB8 siRNA sequences have been listed as follows: siHOXB8-1 (sense: 5′-CCUAUUUAAUCCCUAUCUGTT-3′ and antisense: 5′-CAGAUAGGGAUUAAAUAGGTT-3′); siHOXB8-2 (sense: 5′-UCAACUCACUGUUCUCCAATT-3′ and antisense: 5′-UUGGAGAACAGUGAGUUGATT-3′); negative control (sense: 5′-UUCUCCGAACGUGUCACGUTT-3′ and antisense: 5′-ACGUGACACGUUCGGAGAATT-3′).

Establishment of HOXB8 overexpressing cell lines

The HOXB8 overexpressing vector and empty lentiviral vector were used to establish HOXB8 overexpressing colon cancer cells as described previously (Lin et al., 2015). The HOXB8 overexpressing vector, pVSV-G vector, and pGag/Pol vector were transfected into 293T cells to produce lentiviral particles using LipofectamineTM 3000 reagent (Invitrogen) according to the manufacturer’s instruction. After 48 h, the viruses were collected and the target cells were infected with 10 μg/mL Polybrene to establish stable HOXB8 overexpressing cell lines. The culture media was replaced after 8 h. The transfection efficiency was evaluated by western blot and qRT-PCR analyses.

Quantitative real-time polymerase chain reaction

Total RNA was isolated from cells using the TRIzol reagent. The RNA integrity and quantity were evaluated in the NanoDrop One Spectrophotometer (Thermo Fisher Scientific, USA). The total RNA was reverse transcribed into the cDNA using the PrimeScriptTM RT Master Mix (Takara, Shiga, Japan). Subsequently, RT-PCR was performed using the Mastercycler ep realplex Real-time PCR system (Eppendorf, Germany) with the TB Green Premix Ex TaqTM II reagent (Takara, Shiga, Japan). The relative expressions of the mRNA molecules were normalized using the 2−ΔΔCT method (Livak and Schmittgen, 2002). The primers used for qRT-PCR analysis have been listed as follows: HOXB8 (Forward: 5′-TAAGCGGCGATTCGAGGTAT-3′, Reverse: 5′-TGTTTCTCCAGCTCCTCCTG-3′); GAPDH (Forward: 5′-TCAAGGCTGAGAACGGGAAG-3′, Reverse: 5′-GACTCCACGACGTACTCAGC-3′).

Western blot analysis

The total protein was extracted from cells by using RIPA lysis buffer and the protein concentration was measured by using the Bradford method (Bio-Rad, Hercules, CA, USA). Equivalent amounts of proteins (80 μg) were resolved by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to a polyvinylidene difluoride (PVDF) membrane (Bio-Rad, Hercules, CA, USA). The membranes were blocked with 5% skim milk for 1.5 h at room temperature and incubated with the primary antibodies HOXB8 (1:1000), p-STAT3 (1:1000), STAT3 (1:1000) overnight at 4°C. Subsequently the membranes were washed with Tris-buffered saline with 0.1% Tween® 20 detergent (TBST), and incubated with horseradish peroxidase (HRP)-labeled goat anti-mouse or anti-rabbit (1:4000) secondary antibodies at room temperature for 1 h. The enhanced chemiluminescence (ECL) developing solution (Bio-Rad, Hercules, CA, USA) was used to visualize the protein bands.

Statistical analysis

All data were presented as mean ± standard deviation (SD) from three independent assays. All results were analyzed using GraphPad Prism 8.0 and SPSS 21.0 software. The differences between different groups were assessed using the Student’s t-test or one-way analysis of variance (ANOVA). Statistical significance was fixed at a p-value < 0.05.

Results

Oxaliplatin-resistant colorectal cancer cells showed elevated Homeobox 8 expression

In order to confirm that HCT116/OXA was indeed resistant to oxaliplatin, we performed MTT assays for both HCT116 parent and HCT116/OXA cells after treatment with various concentrations of oxaliplatin. The results showed that oxaliplatin inhibited HCT116 cell growth in a dose-dependent manner with a half-maximal inhibitory concentration (IC50) value of 6.45 µM. As expected, HCT116/OXA cells exhibited significant resistance to oxaliplatin (IC50 > 80 µM) (Fig. 1A). Colony formation assays further showed that treatment with 1.5 µM oxaliplatin markedly inhibited the colony-forming ability of HCT116 cells, however, it almost had no effect on HCT116/OXA cells (Figs. 1B and 1C). These results suggested that HCT116/OXA cells are specifically and significantly resistant to oxaliplatin. Accumulating evidence has suggested that both HOXB8 and STAT3 were involved in drug resistance documented in several cancers like osteosarcoma, colorectal cancer, and non-small lung cancer (Lu et al., 2021; Gao et al., 2022; Ochi et al., 2022). Hence, we checked and compared the expression of HOXB8 and p-STAT3 in both HCT116 and HCT116/OXA cells. The expression of HOXB8 and p-STAT3 was markedly upregulated in HCT116/OXA cells compared with those in HCT116 cells (Figs. 1D and 1E). This suggested that HOXB8 and p-STAT3 were involved in oxaliplatin resistance in colon cancer cells.
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Figure 1: Homeobox 8 (HOXB8) expression is upregulated in oxaliplatin (OXA) resistant colorectal cancer (CRC) cells. HCT116/OXA and parent HCT116 cells were treated with range of OXA concentrations (0.5, 1, 2.5, 5, 10, 20, 40, 60, and 80 µM) for 48 h. Cell viability was assessed by the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay. The red line indicates HCT116/OXA and the green line indicates relative cell viability of parent HCT116 at different concentrations of OXA compared to the control (A). The colony formation assay was done in HCT116/OXA and parent HCT116 cells after the treatment with 1.5 µM OXA (B, C). ****p < 0.0001 and ns (not significant). OXA (1.5 μM) vs. controls. The protein levels of HOXB8, phosphorylation signal transducer and activator of transcription 3 (p-STAT3), and signal transducer and activator of transcription 3 (STAT3) were evaluated by western blot analysis in HCT116/OXA and parent HCT116 cells (D, E). ****p < 0.0001, HCT116 vs. HCT116/OXA.

Knockdown of homeobox 8 enhanced the oxaliplatin sensitivity in HCT116 and RKO cells

To explore the effect of HOXB8 on oxaliplatin-mediated colon cancer cell growth inhibition, we knocked down HOXB8 by using two independent siRNAs in HCT116 and RKO cells. Both qRT-PCR and western blot analyses confirmed the knockdown efficiency. This was deduced as HOXB8 mRNA and protein levels were significantly decreased after transfection of HOXB8 siRNAs (Figs. 2A–2C). Further, HOXB8 knockdown markedly inhibited p-STAT3 expression in both HCT116 and RKO cells (Fig. 2C). HOXB8 knockdown inhibited colon cancer cell growth and potentiated oxaliplatin-mediated colon cancer cell growth inhibition (Figs. 2D and 2E). This suggested that the HOXB8-STAT3 axis is closely involved in oxaliplatin sensitivity in colon cancer cells.
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Figure 2: Homeobox 8 (HOXB8) knockdown potentiated oxaliplatin (OXA) sensitivity in both HCT116 cells and RKO cells by down-regulating signal transducer and activator of transcription (STAT3) signaling. Quantitative real-time polymerase chain reaction was used to measure HOXB8 mRNA expression after transfection of si-negative control (si-NC), siHOXB8-1, and siHOXB8-2 into HCT116 and RKO cells for 24 h (A, B). **p < 0.01, ****p < 0.0001, siHOXB8-1 or siHOXB8-2 vs. si-NC. After the siRNA-based silencing of HOXB8 in HCT116 and RKO cells for 24 h, the protein expressions of HOXB8, phosphorylation signal transducer and activator of transcription 3 (p-STAT3) and STAT3 were determined by western blotting (C). ****p < 0.0001, siHOXB8-1 or siHOXB8-2 vs. si-NC. HOXB8 siRNA were transfected into HCT116 (D) and RKO (E) cells. After 24 h, the cells were treated with different concentrations of OXA (20 and 30 μM). The relative cell viability was assessed by the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay (D, E). The results were presented as mean ± standard deviation (SD) (n = 3). *p < 0.05, ***p < 0.001, ****p < 0.0001, siHOXB8-1 or siHOXB8-2 vs. si-NC; ΔΔΔp < 0.001, ΔΔΔΔp < 0.0001, si-NC with 20 or 30 μM OXA vs. si-NC with 0 μM OXA; ###p < 0.001, ####p < 0.0001, siHOXB8-1 or siHOXB8-2 with OXA (20 or 30 μM) vs. siHOXB8-1 or siHOXB8-2 with 0 μM OXA.

Homeobox 8 overexpression reduced oxaliplatin sensitivity in colon cancer cells

To further investigate whether HOXB8 plays an important role in oxaliplatin resistance in colon cancer cells, we established stable HOXB8 overexpressing HCT116 (HCT116/HOXB8) and RKO (RKO/HOXB8) cells. We found that the expression of HOXB8 mRNA and protein was significantly upregulated in HCT116/HOXB8 and RKO/HOXB8 compared to corresponding control cells (Figs. 3A–3D). Further analysis showed that HOXB8 overexpression promoted colon cancer cell growth and significantly attenuated the growth inhibitory effect of oxaliplatin in both HCT116 and RKO cells (Figs. 3E and 3F). Similarly, HOXB8 overexpression increased the colony-forming ability of both HCT116 and RKO cells and impaired the inhibition of the colony-forming ability induced by oxaliplatin (Figs. 4A and 4B). As we hypothesized, HOXB8 overexpression significantly induced p-STAT3 expression (Figs. 4C and 4D), indicating the pivotal role of the HOXB8-STAT3 axis in oxaliplatin resistance in colon cancer cells.
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Figure 3: Homeobox 8 (HOXB8) overexpression reduced oxaliplatin (OXA) sensitivity in HCT116 and RKO cell lines. Quantitative real-time polymerase chain reaction (A, B) and western blot (C, D) analyses were used to investigate HOXB8 mRNA and protein levels, respectively after overexpressing HOXB8 in HCT116 and RKO cells (A–D). ****p < 0.0001, HOXB8 vs. control. HOXB8 overexpressing HCT116 and RKO cells, and control cells were treated with various concentrations of OXA (0, 2.5, 5, and 10 μM). The relative cell viability was detected by the 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay (E, F). *p < 0.05, **p < 0.01, ****p < 0.0001, HOXB8 vs. control.
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Figure 4: Homeobox 8 (HOXB8) overexpression enhanced oxaliplatin (OXA) resistance in HCT116 and RKO cells by activating signal transducer and activator of transcription (STAT3) signaling. HCT116 and RKO cells overexpressing HOXB8 were treated with various concentrations of OXA (0, 0.1, 0.5, and 1 μM). The colony-forming ability of the cells was evaluated and analyzed by Image J software (A, B). *p < 0.05, **p < 0.01, ***p < 0.001, HOXB8 vs. control. Western blotting analysis was used to assess the phosphorylation signal transducer and activator of transcription 3 (p-STAT3) and STAT3 protein expression in HOXB8 overexpressing HCT116 cells, RKO cells and control cells (C, D). Data were shown as mean ± standard deviation (SD) (n = 3). ****p < 0.0001, HOXB8 vs. control.

Homeobox 8 knockdown suppressed HCT116/OXA cell growth

We demonstrated in the previous sections that HOXB8 was involved in oxaliplatin resistance in colon cancer cells. To further confirm the critical function of HOXB8 in OXA-resistant colon cancer cells, we knocked down HOXB8 in HCT116/OXA cells. We observed downregulated levels of HOXB8 mRNA and protein by qRT-PCR and western blot analyses, respectively (Figs. 5A–5C). In lieu of our hypothesis, HOXB8 knockdown significantly reduced p-STAT3 expression in HCT116/OXA cells (Figs. 5B and 5C). While OXA treatment (60 µM) did not inhibit HCT116/OXA cell proliferation, HOXB8 knockdown markedly suppressed HCT116/OXA cell proliferation (Fig. 5D). Importantly, the growth inhibitory effect of HOXB8 knockdown is similar between HCT116 and HCT116/OXA cells, suggesting that targeting HOXB8 might be effective not only for CRC cells but also for OXA-resistant CRC cells.
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Figure 5: Silencing Homeobox 8 (HOXB8) repressed the cell proliferation of HCT116/OXA cells. HOXB8 mRNA expression was measured by quantitative real-time polymerase chain reaction in HOXB8 knockdown HCT116/OXA and control cells (A). ****p < 0.0001, siHOXB8-1 or siHOXB8-2 vs. si-negative control (si-NC). The protein expression levels of HOXB8, p-STAT3, and STAT3 were analyzed by western blotting after knocking down HOXB8 in HCT116/OXA and control cells (B, C). ****p < 0.0001, siHOXB8-1 or siHOXB8-2 vs. si-NC. HOXB8 knockdown HCT116/OXA cells and control cells were treated with 60 μM of OXA, and 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) assay was used to determine the cell viability (D). The data were presented as mean ± standard deviation (SD) (n = 3). ****p < 0.0001, siHOXB8-1 or siHOXB8-2 vs. si-NC.

Discussion

Oxaliplatin, a third-generation platinum-based drug, is one of the most effective chemotherapeutic agents to treat CRC clinically (Park, 2014). The occurrence of OXA resistance is a complex process, in which several genes have been implicated to be involved in this process. For instance, Zinc finger E-box binding homeobox I (ZEBI) induced OXA resistance by promoting EMT (Guo et al., 2017). Additionally, lncRNA neuroblastoma associated transcript 1 (NBAT-1) enhanced the sensitivity of OXA by sponging miR-4504 and regulated the WW-and-C2-domain-containing protein family member 3 (WWC3)/large tumor suppressor kinase 1 (LATS1)/yes-associated protein (YAP) axis in CRC (Li and Li, 2022). Furthermore, knockdown of ATPase copper transporting alpha (ATP7A) overcame OXA resistance in CRC by increasing OXA-induced apoptosis (Zhou et al., 2022). Notwithstanding these reports, the underlying molecular mechanisms of OXA resistance in CRC are still vague. In this study, we found that HOXB8 was closely involved in OXA resistance in CRC cells by activating the STAT3 signaling pathway. An important finding was that the knockdown of HOXB8 could suppress the cell growth of OXA-resistant colon cancer cells by inhibiting STAT3 signaling, suggesting the crucial function of HOXB8 in OXA-resistant CRC cells.

To our knowledge, HOXB cluster genes were shown to play an oncogenic function in solid tumors (Padam et al., 2022). It has been reported that the HOXB cluster of genes, including HOXB8 was upregulated in lung adenocarcinoma (LUAD) and was associated with poor overall survival in LUAD (Yan et al., 2022). Additionally, a recent study reported that the HOXB8 gene is a master transcription factor (TF) of a core regulatory circuit that regulates the metastasis and chemoresistance of osteosarcoma (Lu et al., 2021). Further, HOXB8 knockdown suppressed cell proliferation and enhanced paclitaxel sensitivity in ovarian cancer cell lines (Li et al., 2019). These reports suggested that HOXB8 has an important role in drug resistance in cancer cells. Notwithstanding these reports, the exact role of HOXB8 in OXA-resistant CRC is still unclear. In our work, we found that HOXB8 expression was upregulated in OXA-resistant CRC cells. Further, knocking down HOXB8 increased oxaliplatin sensitivity, while overexpressing HOXB8 attenuated oxaliplatin sensitivity in CRC cells by activating the STAT3 pathway.

The aberrant activation of the STAT3 transcription factor in CRC to promote tumor growth is documented (Wang et al., 2021). Further, STAT3 overexpression facilitated CRC cell proliferation and inhibited cell apoptosis by suppressing the P53 pathway (Park and Park, 2022). Given these findings, targeting the STAT3 pathway has been considered as an ideal therapeutic strategy to overcome drug resistance in various human cancers. In another report, carcinoma-associated fibroblasts (CAFs) were reported to contribute to the resistance to OXA and 5-FU in CRC cells by activating the cytokine-mediated STAT3 pathway (Gonçalves-Ribeiro et al., 2016). Further, Gao et al. (2022) reported that U2AF homology motif kinase 1 (UHMK1) enhanced OXA resistance by regulating the Janus kinase (JAK)/STAT3 signaling pathway in CRC (Gao et al., 2022). Additionally, HOXB8 promoted malignancy in ovarian cancer by activating the STAT3 signaling pathway (Liu et al., 2022). Furthermore, HOXB8 facilitated CRC metastasis by promoting EMT through STAT3 activation (Wang et al., 2019). Given these observations, we hypothesized that the HOXB8-STAT3 axis might be involved in OXA resistance in CRC cells. As we expected, the expression of HOXB8 and p-STAT3 was increased in OXA-resistant CRC cells. Knocking down HOXB8 in OXA-resistant CRC cells suppressed p-STAT3 expression that inhibited the cell growth in OXA-resistant CRC cells.

In conclusion, our study revealed the critical functions of HOXB8 in OXA-resistant CRC cells and suggested that targeting HOXB8 might be an effective therapeutic strategy in select OXA-resistant CRC cells.
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