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Abstract 

Background: Esophageal squamous cell carcinoma (ESCC) is a common malignant tumor of 

the digestive tract, which is very harmful to human health. The JAK-STAT signaling pathway 

is a recognized carcinogenic pathway that plays a role in the proliferation, apoptosis, migration, 

and invasion of a variety of cancer cells. Some studies have shown that the activation status of 

STAT3 affects the expression of KIRREL3. However, the expression of KIRREL3 in ESCC 

and its relationship with KIRREL3 or the JAK-STAT signaling pathway is still unclear. 

Methods: In this study, we used immunohistochemistry and western blotting to analyze the 

protein expression levels of KIRREL3 in tumor tissues and ESCC cell lines. We applied 
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proliferation assays, plate clone formation assays, Transwell assays, flow cytometry analysis, 

and CDX animal models to examine the role of KIRREL3 in ESCC. 

Results: The results indicate that KIRREL3 is highly expressed to varying degrees in ESCC 

tissues and cell lines. Knocking down KIRREL3 expression in ESCC cells could 

correspondingly inhibit cell proliferation, colony formation, invasion, and migration, and had 

some effects on cell cycle progression and apoptosis. In addition, overexpressing KIRREL3 in 

these cells had opposite effects. Tumor formation in nude mice experiments also confirmed 

that KIRREL3 is involved in the growth of ESCC cells in vivo.  

Conclusions: These data suggest that KIRREL3 plays a key role in the development of ESCC, 

and KIRREL3 is a potential new target for the early diagnosis and clinical treatment of this 

disease. 

Keywords: Esophageal squamous cell carcinoma, KIRREL3, STAT3, proliferation, invasion 

 

Background 

Esophageal cancer is the seventh most common cancer and the sixth most common 

cause of cancer-related death in the world[1]. Its major histological types are esophageal 

adenocarcinoma (EAC) and esophageal squamous cell carcinoma (ESCC)[2]. EAC is 

the main histological type in western countries[3][4], while ESCC is a common 

histological type in Asian and African countries[5] and accounts for about 90% of all 

esophageal cancer cases in China[6][7]. Poor prognosis and higher recurrence rates result 

in higher mortality in ESCC patients[8][9]. Although there are various treatment methods 

for ESCC, such as surgical chemotherapy and radiotherapy, they are not fully 

effective[10]. Therefore, there is an urgent need to explore new therapeutic targets to 

inhibit tumor progression in ESCC patients. 

The Janus kinase-signal transducers and activators of transcription (JAK-STAT) 

pathway plays an important biological role in promoting tumor cell survival, 

proliferation, inflammation, invasion, and metastasis[11][12]. STAT3, the most important 

member of the STAT family, is frequently activated in inflammation and cancer[13][14]. 

After activation, it forms a homodimer and is transported to the nucleus to bind DNA, 

thus promoting the transcription of genes related to anti-apoptosis, invasion, and 

migration[13][15]. STAT3 is currently known to be co-expressed with multiple 

oncogenes[16][17]. For example, researchers have found that the expression levels of 

KIRREL3 (Kin of Irre-like 3) are correlated with the activation level of STAT3[18][19]. 
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Previous work from this group showed that KIRREL3 is an immunoglobulin 

superfamily adhesion molecule and is a transmembrane protein[20]. KIRREL3 protein 

contains five immunoglobulin-like domains, a single transmembrane domain, and a 

cytoplasmic domain in the extracellular region[21]. Studies have shown that point 

mutations and deletions of the KIRREL3 gene are associated with neurodevelopmental 

disorders, such as autism, mental retardation, and Jacobson syndrome[22]. Currently, 

there is little literature describing KIRREL3 in tumors. Therefore, we aimed to 

investigate the role of KIRREL3 in ESCC. 

In this study, we found that KIRREL3 had different degrees of high expression in 

ESCC tissues and cells. Downregulating KIRREL3 expression could inhibit cell 

proliferation, migration, and invasion, while overexpression of KIRREL3 could 

promote cell proliferation, migration, and invasion. KIRREL3 knockdown had some 

effects on cell cycle and apoptosis. In addition, tumor formation experiments in nude 

mice demonstrated that KIRREL3 is involved in ESCC tumor growth. These data 

suggest that KIRREL3 plays an important role in the proliferation and metastasis of 

ESCC, making it a possible new target for the early diagnosis and clinical treatment of 

this disease. 

 

Methods 

Reagents 

A small interfering RNA (siRNA) targeting KIRREL3 and scrambled control were 

purchased from GenePharma (Shanghai, China). Lipofectamine® 2000 was purchased from 

Invitrogen (Carlsbad, CA, USA). The overexpression lentivirus and shRNA lentivirus were 

purchased from GenePharma. The primary antibodies against KIRREL3 were purchased from 

Abcam (Cambridge, UK). The primary antibodies against phospho-STAT3 (Tyr705) and 

STAT3 were purchased from Cell Signaling Technology (Danvers, MA, USA). Anti-β-Actin, 

anti-mouse IgG, and anti-rabbit IgG horseradish peroxidase-conjugated antibodies were 

purchased from ZhongshanJinqiao (Beijing, China). Curcumin was purchased from Selleck 

Chemicals (Houston, TX, USA). STAT3 inhibitor Stattic was purchased from Sigma (St. Louis, 

MO, USA).  

 

Immunohistochemistry (IHC) 

Tissues were dehydrated with xylene and an ethanol series, followed by washes with 

TBST. Antigen retrieval was performed with sodium citrate (0.01 M, pH=6.0). Endogenous 



peroxidase was blocked by using H2O2 for 10 minutes at room temperature. After washing with 

TBST, the KIRREL3 primary antibody (LifeSpan BioSciences, Seattle, WA, USA, 1:100) was 

added and tissues were incubated overnight at 4℃. They were then incubated with secondary 

antibody at 37℃ for 15 minutes. They were visualized by incubating with DAB, and staining 

was observed with microscopy. After decoloring with l% hydrochloric acid ethanol, the tissues 

were dehydrated and transparentized by ethanol and xylene. The tissues were sealed by neutral 

resin. 

 

Cell lines and cell culture 

Immortalized human esophageal epithelial SHEE and ESCC cell lines (Eca109, KYSE150, 

KYSE30, KYSE450, and KYSE510) were provided by the Department of Pathophysiology, 

School of Basic Medicine, Zhengzhou University. Eca109 and KYSE150 cells were cultured 

in RPMI 1640 medium supplemented with 10% fetal bovine serum (FBS) (BI, Kibbutz Beit 

Haemek, Israel). KYSE30, KYSE450, and KYSE510 cells were cultured in DMEM 

supplemented with 10% FBS. All of these cells were maintained at 37℃ in a 5% CO2 

environment. 

 

siRNA transfections 

Lipofectamine® 2000 reagent was used for all siRNA transfection procedures at a final 

concentration of 10 µM. For immunoblotting analysis, 6.5×105 Eca109 cells and 5×105 

KYSE150 cells were seeded into 6-well plates and incubated overnight. They were transfected 

with siRNAs for 72 hours and then collected. For apoptosis assays, Eca109 and KYSE150 cells 

were seeded into 6-well plates and incubated overnight. After siRNA transfections, the cells 

were cultured for 48 hours and collected for apoptosis analysis. 

 

Lentivirus infections 

To establish stable cell lines that overexpressed or knocked down KIRREL3, we obtained 

appropriate lentiviruses from GenePharma. Transfections of cells were done according to 

manufacturer instructions. After target cells were infected, stably transfected cells were 

obtained by screening with puromycin (1 μg/mL for Eca109 cells; 2 μg/mL for KYSE150 and 

KYSE30 cells).  

 

Immunoblotting analysis 
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Cells were washed two or three times with ice-cold phosphate-buffered saline (PBS). 

Proteins were extracted with protein lysis buffer. Protein concentrations were measured with 

the BCA Protein Concentration Kit (Solarbio, Beijing, China). Samples were separated by 10% 

polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a PVDF membrane. The 

membrane was incubated with primary antibody overnight (~16 hours) at 4℃. The primary 

antibodies included KIRREL3 (Abcam, 1:1000), p-STAT3 (Tyr705) (Cell Signaling 

Technology, 1:1000), STAT3 (Cell Signaling Technology, 1:1000), and β-actin (Zhongshan 

jinqiao, 1:1000). 

 

Cell proliferation assay 

Cells (5,000 cells/well) were seeded into 96-well plates and cultured overnight. 

Proliferation was measured by CCK-8 assay. After being cultured for 0, 24, 48, 72, or 96 hours, 

10 μL of CCK8 reagent (Beyotime, Shanghai, China) was added to each well. Following 

incubation for 1 hour, absorbance values at 450 nm were measured.  

  

Cell colony formation assay 

Eca109 and KYSE150 cells were seeded into 6-well plates at 300 cells/well and KYSE30 

cells were seeded into 6-well plates at 400 cells/well. The cells were cultured for one to two 

weeks until colonies appeared. The medium was then removed and the cells were washed with 

PBS, followed by fixation in each well with 4% paraformaldehyde (PFA) for 30 minutes. 

Finally, cells were stained with 0.1% crystal violet (CV) for 30 minutes. 

 

Transwell cell invasion and migration assays 

Cell invasion ability was evaluated by Transwell cell invasion assays. An invasion assay 

was performed using Transwell Matrigel (Corning, Corning, NY, USA). Cells (5×105 cells/well 

for KYSE150 and Eca109 and 3×105 cells/well for KYSE30) were seeded into the upper 

chamber of the plates in RPMI 1640 or DMEM (serum-free) after siRNA transfection or 

lentivirus infection. RPMI 1640 or DMEM with 10% FBS was then added to the lower chamber. 

After 30-40 hours of incubation at 37℃ with 5% CO2, the Matrigel and cells in the upper 

chamber were discarded. 

The medium was removed and the cells were washed with PBS, followed by fixation in 

each well with 4% PFA for 30 minutes. Finally, cells were stained with 0.1% CV for 30 minutes. 

Transwell plates without Matrigel were used for migration assays, with the rest of the procedure 

remaining the same. 
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Cell cycle assay 

Cells were added to 75% ethyl alcohol that was pre-cooled overnight. After washing the 

cells once with PBS, 1 ml PBS was added to resuspend the cells. Then, 2.5 μL RNase (10 

mg/mL) (Meilunbio, Dalian, China) was added and incubated at room temperature for 1 hour. 

Finally, 50 μL propidium iodide (PI) (1 mg/mL) (Meilunbio) was added and incubated at room 

temperature or 4℃ in the dark for 15-20 minutes. The cells were analyzed using flow cytometry. 

 

Cell apoptosis assay 

Apoptosis levels were detected 48 hours after siRNA transfections. The cells were stained 

with an Annexin V-FITC/PI kit (Meilunbio). Cells were digested with trypsin without EDTA 

and washed with PBS. The cells were resuspended with 100 μL 1× Binding buffer, then 5 μL 

Annexin V-FITC and 6 μL PI were added to the cell suspension, mixing well and protected 

from light for 20 minutes at room temperature. The proportion of early or late apoptotic cells 

was measured by flow cytometry. 

 

Tumor xenograft experiments 

Female BALB/c nude mice were purchased from the Beijing Weitonglihua (Beijing, 

China). Four-week-old female mice were maintained in specific pathogen-free conditions. The 

nude mice were subcutaneously injected with 5×107 Eca109 or KYSE-150 cells stably 

transfected with KIRREL3 or the empty vector. The mice weight and tumor growth level were 

measured three times a week. Tumor volume was calculated as length×width2 ×1/2. 

 

Statistical analysis 

All statistical analyses were performed using SPSS version 17.0 (SPSS, Chicago, IL, 

USA). The data were analyzed by one-way analysis of variance (ANOVA) or Student t test. 

Data are expressed as means ± standard deviation (SD). The statistically significant criterion 

was p < 0.05. 

 

Results 

KIRREL3 protein expression levels are increased in ESCC tissues and cell lines 

The protein expression levels of KIRREL3 in ESCC tissues were detected by IHC. We 

observed high expression of KIRREL3 in 56.76% (42/74) of ESCC tissues. Compared with 

31.88% (22/69) of adjacent normal esophageal tissues, KIRREL3 was significantly 



overexpressed in ESCC tissues (Table 1; Figure 1A). We analyzed the relationship between 

KIRREL3 expression and clinical parameters and found that the overexpression of KIRREL3 

was negatively correlated with the degree of tissue differentiation (Table 2). 

We further analyzed the expression of KIRREL3 in normal esophageal epithelial cells and 

ESCC cell lines with immunoblots. KIRREL3 protein expression levels in KYSE150, KYSE30, 

KYSE450, Eca109, and KYSE510 cells were higher than that of SHEE cells (Figure 1B). 

 

Table 1: Expression scores were quantified in normal adjacent tissues and ESCC tumor 

samples. 

 

 

Figure 1. KIRREL3 protein expression in esophageal squamous cell carcinoma (ESCC) tissues 

and cell lines. (A) Representative KIRREL3 immunohistochemistry (IHC) images in highly 

differentiated, moderately differentiated, and poorly differentiated tumor and normal adjacent 

 

histologic type 

 

n 

Expression of KIRREL3 in 

tissue 

 

X2 

 

palue 

+ - 

ESCC 

adjacent tissues 

74 

69 

42 

22 

32 

47 

8.934 0.003 



tissues. Expression scores were quantified in adjacent tissues (n=69) and tumor (n=74) samples 

(Table 1). (B) Protein expression of KIRREL3 in ESCC cells and esophageal epithelial 

immortalized cells by immunoblot analysis. 

 

Table2: The association between KIRREL3 levels and clinicopathological features in tumor 

samples. 

 

Variables 

 

KIRREL3 expression (n=74 cases) 

Low (%) High (%) Pa 

All patients 

Age(years) 

≦65 

＞65 

Gender 

Males 

Females 

Depth of invasion 

T1/T2 

T3/T4 

Lymph node metastasis 

N0 

N1/N2/N3 

Distant metastasis 

M0 

M1 

TNM stage 

Ⅰ 

Ⅱ 

Ⅲ 

Ⅳ 

Differentiation 

Poor 

Moderate 

High 

32(100) 

 

23(74) 

8(26) 

 

20(65) 

11(35) 

 

12(50) 

12(50) 

 

11(37) 

19(63) 

 

28(88) 

4(12) 

 

3(9) 

9(28) 

16(50) 

4（13） 

 

7(22) 

22(69) 

3(9) 

42(100) 

 

31(74) 

11(26) 

 

32(76) 

10(24) 

 

15(39) 

23(61) 

 

14(33) 

28(67) 

 

41(98) 

1(2) 

 

4(10) 

17(40) 

20(48) 

1(2) 

 

19(45) 

23(55) 

 

 

0.971 

 

 

0.276 

 

 

0.416 

 

 

0.770 

 

 

0.211 

 

 

 

0.313 

 

 

 

0.024* 

 



KIRREL3-regulated cell proliferation and the cell cycle in ESCC cells  

We next examined the effect of KIRREL3 on ESCC cell proliferation. The shRNA vector, 

siRNAs, and overexpression vector were transfected into ESCC cells (Figure 2A). CCK8 assays 

suggested that KIRREL3 overexpression significantly increased ESCC cell proliferation, but 

KIRREL3 knockdown significantly decreased proliferation (Figure 2B, 2C, 2D). Colony 

formation assays showed that overexpression of KIRREL3 enhanced the colony formation 

ability of ESCC cells (Figure 3C). In contrast, KIRREL3 knockdown inhibited the proliferation 

of ESCC cells, as seen by reduced colony formation (Figure 3A, 3B). For cell cycle analysis, 

depleting KIRREL3 levels increased the number of Eca109 and KYSE150 cells in G2/M arrest 

(Figure 3D). These results indicate that KIRREL3 is involved in regulating the proliferation 

and cell cycle progression of ESCC cells. 

 

Figure 2. KIRREL3-mediated regulation of esophageal squamous cell carcinoma (ESCC) cell 

proliferation measured by CCK8 assays. (A) Measurement of the efficacy of KIRREL3 

knockdown and overexpression via western blotting in Eca109, KYSE150, and KYSE30 cells. 

Evaluation of the proliferation abilities of (B) Eca109, (C) KYSE150, and (D) KYSE30 cells 

via CCK8 proliferation assays. **p < 0.01, ***p < 0.001. 
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Figure 3. KIRREL3-mediated regulation of esophageal squamous cell carcinoma (ESCC) cell 

proliferation measured by colony formation assays and cell cycle analysis. Evaluation of the 

proliferation abilities of (A) Eca109, (B) KYSE150, and (C) KYSE30 cells via colony 

formation assays. (D) Measurement of cell cycle progression in Eca109 and KYSE150 cells 

transfected with siKIRREL3 or siNC via flow cytometry. *p < 0.05, **p < 0.01, ***p < 0.001. 

 

KIRREL3-mediated regulation of apoptosis in ESCC cells   

To investigate the role of KIRREL3 in cell survival, the KIRREL3-targeting siRNA was 

transfected into KYSE150 and Eca109 cells, followed by apoptosis analysis. The depletion of 

KIRREL3 significantly increased apoptosis levels in both the KYSE150 and Eca109 cells 48 

hours after siRNA transfection (Figure 4A, 4B). 

 

Figure 4. KIRREL3 knockdown induces apoptosis in Eca109 and KYSE150 cells. Following 

siRNA transfection, the apoptosis levels of (A) Eca109 and (B) KYSE150 cells were evaluated 

by flow cytometry. * p < 0.05, **p < 0.01. 
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KIRREL3 promotes invasion and migration of ESCC cells 

The effects of KIRREL3 on invasion and migration rates were investigated in ESCC cells. 

The Transwell experiment results suggested that KIRREL3 could promote cell invasion and 

migration, as the numbers of invading and migrating cells increased following overexpression 

of KIRREL3 (Figure 5C), while the number of invading and migrating cells decreased after 

KIRREL3 knockdown (Figure 5A, 5B). 

 

Figure 5. KIRREL3 promotes the invasion and migration of esophageal squamous cell 

carcinoma (ESCC) cells. The (A) invasion and (B) migration of siRNA-transfected Eca109 and 

KYSE150 cells were evaluated by Transwell assays. (C) The invasion and migration of 

KYSE30 cells overexpressing KIRREL3 were evaluated by Transwell assays. *p < 0.05, **p 

< 0.01, ***p < 0.001. 

 

STAT3 may regulate KIRREL3 

We explored the relationship between STAT3 and KIRREL3 in Eca109 and KYSE150 

cells that express hyperphosphorylated STAT3. The small molecule STAT3 inhibitor Stattic 

has cell permeability and can block STAT3 activation. Therefore, we examined its effects on 

Eca109 and KYSE150 cells. Stattic dose-dependently inhibited the levels of p-STAT3 in 

Eca109 and KYSE150 cells. KIRREL3 protein expression levels did not change significantly, 

but was suppressed at the maximum concentration of Stattic (Figure 6B). Curcumin is an 



indirect natural inhibitor of STAT3. In Eca109 and KYSE150 cells, curcumin dose-

dependently inhibited p-STAT3 and KIRREL3 protein levels (Figure 6A). These results 

suggest that the expression levels of KIRREL3 correlated with the phosphorylation of p-

STAT3. 

 

Figure 6. The relationship between KIRREL3 and STAT3 was examined by western blotting. 

(A) The protein expression levels of p-STAT3 and KIRREL3 were dose-dependently inhibited 

by curcumin treatment of Eca109 and KYSE150 cells. (B) The protein expression levels of p-

STAT3 were dose-dependently inhibited by Stattic treatment of Eca109 and KYSE150 cells. 

Protein expression of KIRRREL3 was also inhibited under the maximum concentration of 

Stattic. 

 

Silencing KIRREL3 expression inhibits tumor growth in vivo 

To assess the effect of KIRREL3 expression on ESCC cell growth in vivo, we established 

a Cancer cell line-based xenograft (CDX) animal model of KIRREL3 with KYSE150-

shControl, KYSE150-shKIRREL3, Eca109, Eca109-shControl, or Eca109-shKIRREL3 cell 

lines in BABL/c nude mice. After KYSE150-shControl and KYSE150-shKIRREL3 cells 

formed tumors, the tumor growth was monitored periodically and tumor tissues were collected 

at the end of the experiment. The tumor growth curve data shows that the tumor growth of the 

KYSE150-shKIRREL3 group was significantly slower than that of the control group (Figure 

7A). Additionally, the average weight of KYSE150-shKIRREL3 tumors was less than that of 

the control group. The difference in tumor weight was significant between the two groups 

(Figure 7A). 



After Eca109-shControl and Eca109-shKIRREL3 cells formed tumors, the tumor growth 

was monitored periodically. After Eca109 cells formed tumors, they were randomly divided 

into three groups. Mice were treated with siNC, siKIRREL3, and Stattic, and the Stattic 

prevention group was given a week in advance. Tumor tissues were collected after the 

experiment. The tumor growth curve data suggest that the tumor growth of the siKIRREL3 

group was lower than that of the siNC group (Figure 7B). Furthermore, the average weight of 

tumors in the siKIRREL3 group was lower than that of the siNC group (Figure 7B). For the 

Eca109-shControl, Eca109-shKIRREL3, and Stattic prevention groups, the tumor growth curve 

results suggest that the tumor growth of the Eca109-shKIRREL3 and Stattic prevention groups 

were lower than that of the Eca109-shControl group (Figure 7C). The average weight of tumors 

in the Eca109-shKIRREL3 and Stattic prevention groups were lower than that of the Eca109-

shControl group (Figure 7C). 

We further analyzed the tumor tissues in the Eca109-shControl, Eca109-shKIRREL3, siNC, 

siKIRREL3, and Static prevention groups. Compared with the respective control group, the 

KIRREL3 knockdown group had lower KIRREL3 expression, while p-STAT3 phosphorylation 

was not affected. Compared with the control group, KIRREL3 and p-STAT3 phosphorylation 

in the Stattic prevention group were significantly reduced (Figure 7D). In summary, KIRREL3 

is involved in the growth of tumor cells in vivo, and KIRREL3 is likely located downstream of 

STAT3. 



 

Figure 7. Silencing KIRREL3 inhibits esophageal squamous cell carcinoma (ESCC) tumor 

growth in vivo. Photographs of tumors from each group were taken, their weights were 

measured, and tumor volumes in each group was monitored during the experiment. (A) CDX 

mouse model results with KYSE150-shControl and KYSE150-shKIRREL3 cells. (B) CDX 

mouse model results with Eca109 cells. Six mice bearing the CDX were treated with siNC or 

siKIRREL3. (C) The CDX mouse model was constructed with Eca109-shControl and Eca109-

shKIRREL3 cells. Six mice bearing the CDX were treated with Stattic. *p < 0.05, ***p < 0.001. 

 

Discussion 

Esophageal cancer is a malignancy with high mortality and low prognosis rates 

worldwide[24]. More than 50% of the newly diagnosed cases occurred in China[25], with the 

main pathological type being ESCC[26]. The poor prognosis of ESCC is mainly because of the 

absence of obvious symptoms in the early stage of ESCC, resulting in the disease being 

frequently diagnosed as advanced[27][28]. Therefore, it is urgent to determine the mechanism 

controlling ESCC development and to identify new clinical diagnostic and therapeutic targets. 

The classic JAK-STAT pathway regulates many genes that play key roles in several cancer 

hallmarks, including uncontrolled cell proliferation, evasion of apoptosis, invasion, 

angiogenesis, and immune escape[29][32]. Studies have shown that the expression of KIRREL3 



in ESCC may be regulated by STAT3. At present, there is no relevant literature on KIRREL3 

in ESCC or its relationship with STAT3. Therefore, we focused on the role of KIRREL3 in the 

development of ESCC, as well as any correlation between KIRREL3 and STAT3. 

We examined KIRREL3 expression levels in ESCC tissues and analyzed clinical data. The 

results showed that KIRREL3 protein was highly expressed in ESCC tissues, and its expression 

levels were negatively correlated with the degree of tumor differentiation. KIRREL3 is also 

highly expressed in ESCC cell lines to varying degrees. Based on these data, we chose 

KYSE150 and Eca109 cells for further experiments. KIRREL3 expression was knocked down 

using siRNA interference technology and lentiviral infection experiments, resulting in inhibited 

levels of proliferation in ESCC cells. The cell cycle and cellular evasion of apoptosis are closely 

related to cell proliferation. An imbalance in their control mechanisms can change cell growth 

and promote uncontrolled abnormal proliferation of tumor cells[32][33]. Our results suggest that 

KIRREL3 knockdown blocked cell cycle progression and promoted apoptosis. The difficulties 

associated with treating recurrent malignant tumors and the resulting low survival rates of 

patients are closely related to the easy invasion and metastasis of these tumor cells[34][35]. 

Transwell assays were used to determine whether KIRREL3 expression was related to ESCC 

cell invasion and migration. The results showed that the invasion and migration abilities of 

ESCC cells were reduced following KIRREL3 knockdown. 

To further verify the role of KIRREL3 in ESCC cells, we overexpressed KIRREL3 in 

KYSE30 cells by lentiviral infection. The functional changes of ESCC cells were detected by 

the same experiments, and the results showed that the proliferation, invasion, and migration of 

ESCC cells were enhanced with KIRREL3 upregulation. 

Studies have reported that abnormal activation of the JAK-STAT signaling pathway can 

promote tumorigenesis[36]. The expression of KIRREL3 may be regulated by STAT3. In this 

study, we further explored the relationship between KIRREL3 and STAT3. Different 

concentrations of Stattic and curcumin were added to KYSE150 and Eca109 cells. The results 

showed that the expression levels of p-STAT3 and KIRREL3 were significantly lower with 

increasing curcumin concentration. Following Stattic treatment of cells, the expression of p-

STAT3 was gradually inhibited with increased concentrations. While the downregulation of 

KIRREL3 was not very robust, it was inhibited at the maximum concentration of Stattic that 

we used. These data suggest that both curcumin and Stattic can affect the expression of 

KIRREL3 by downregulating protein levels of p-STAT3. KIRREL3 may be located 

downstream in the JAK-STAT pathway, which is often abnormally activated and plays a 

regulatory role in the development of ESCC. 



By constructing a CDX mouse model, we also found that KIRREL3 is involved in ESCC 

cell proliferation in vivo. The results showed that both downregulation of KIRREL3 and 

inhibition of p-STAT3 could inhibit the growth of ESCC tumor tissues in mice. 

 

Conclusion 

Our study shows that KIRREL3 is highly expressed in ESCC tissues and cell lines to 

varying degrees. Both in vivo and in vitro experiments have confirmed that KIRREL3 plays an 

important role in the proliferation, invasion, migration, and apoptosis evasion of ESCC, and 

KIRREL3 may participate in the JAK-STAT signaling pathway to promote the occurrence and 

development of esophageal cancer. 
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Janus kinase-signal transducers and activators of transcription; KIRREL3: Kin of Irre-
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