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Abstract: Background: Reticulocalbin 3 (RCN3) has been associated with several malignancies. However, its role in colorectal cancer (CRC) remains controversial. Thus, this study aimed to investigate the role of RCN3 in CRC prognosis. Methods: The clinical significance of RCN3 expression in CRC was evaluated in a large cohort of 483 patients. Normal tissues, carcinoma, para-carcinoma, adenoma, and metastatic tissues were evaluated by immunohistochemistry. We investigated the association between RCN3 expression and CRC occurrence in tumors and other tissues. Prognostic factors were also evaluated by Kaplan-Meier survival analysis and the Cox regression model. Results: RCN3 was significantly overexpressed in CRC and metastatic tissues. Patients with high RCN3 expression had shorter disease-free survival than those with low RCN3 expression. Multivariate Cox regression analysis showed a risk ratio HR], 0.607; confidence interval [CI], 0.362–1.016; p < 0.05 after adjusting for other prognostic factors. HighRCN3 expression was also associated with a worse chemotherapeutic response in the colon (p < 0.01) or rectal (p < 0.05) cancer patients who received adjuvant chemotherapy. Conclusion: RCN3 expression level is an independent risk factor and serves as a prognostic biomarker for CRC. High RCN3 expression predicts poor prognosis and chemotherapeutic response.
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1  Introduction

Reticulocalbin 3 (RCN3), belonging to the CREC protein family, is a promising biomarker or target for therapeutic intervention in various diseases. They are localized in the cytoplasm and interact with several ligands to inhibit proteins in the endoplasmic reticulum (ER) or sarcoplasmic reticulum, including calcium transport ATPase, cyclooxidoreductase of vitamin K [1]. RCN3 plays a role in cell secretion, molecular chaperone activity, signal transduction, and various other processes. They are also expressed and localized to the secretory pathways of mammalian cells [1,2]. RCN3 also prevents tissue destruction by collagen biosynthesis, positive regulation of peptidase activity, and protein kinase B signaling, thus maintaining intestinal homeostasis [2]. Recently, alterations in RCN3 protein expression have been observed in various types of cancers, including cervical squamous cell carcinoma, melanoma, glioma, and non-small cell lung cancer [3–7]. In a single-cell multi-omics sequencing study, alterations in RCN3 were implicated in the ubiquitous alterations in human CRC tumor stroma [3]. Thus, we analyzed RCN3 protein expression in CRC and its matched adjacent tissues to decipher its role in predicting CRC prognosis and chemotherapy response, laying the foundation for subsequent studies.

2  Methods

2.1 Patients and Specimens

We analyzed the differences in RCN3 gene expression in the TCGA database between colon or rectal cancers, other pathology tissue types, and different grades and sites using the GEPIA2 website (http://gepia2.cancer-pku.cn/). Simultaneously, we also explored the relationship between RCN3 gene expression and pathology types in the GEO cohort (GSE37364 and GSE41258). Further, we recruited 483 CRC patients (rectal cancer = 254 and colon cancer = 229) who were surgically treated between 2001 and 2011 at Changhai Hospital of Naval Medical University (Shanghai, China). The baseline characteristics these, including age, sex, disease location, TNM stage, histological grade, number of lymph nodes removed at surgery, standard postoperative chemotherapy (FOLFOX regimen), serum cancer Embryonic antigen (CEA), and carbohydrate antigen 199 (CA199) were noted (Table 1). This study was approved by the Changhai Hospital Institutional Review Board. All participants signed a written informed consent form.
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2.2 Immunohistochemistry (IHC)

IHC was performed according to the previously reported protocol [8]. Briefly, thick sections were (4 μm) obtained from the Department of Environmental Health, Naval Medical University, China. The sections were treated with rabbit anti-human RCN3 polyclonal antibodies (1:2500, ab204178, Abcam, Cambridge, UK), validated in the Human Protein Atlas (http://www.proteinatlas.org/). Epitope retrieval and immunostaining were carried out on the tissue microarray (TMA) sections by following the instructions of the pathological department. All TMAs were stained simultaneously by the technician to eliminate inter-assay variation.

2.3 Quantitative Evaluation of RCN3 Immunostaining

IHC staining was performed for semi-quantitative analysis of RCN3 based on the percentage of positive cells and the comprehensive score of staining intensity. Dark brown in the cytoplasm indicated a positive RCN3 marker. The intensity was scored according to the staining characteristics: 0 (colorless), 1 (pale yellow), 2 (light brown), and 3 (brown). The percentage of positive cells is the average number of positive cells in five fields of a certain type of cell (100 cells per 400X high-power field). They were assigned a score of 0 (negative), 1 (<10%), 2 (11%–50%), 3 (51%–75%), and 4 (>75%). The product of the percentage of positive cells and the staining intensity was considered the final score. All the assessments were conducted by two independent observers for further study.

2.4 Statistical Analysis

Statistical analysis was performed using SPSS 25 software for Windows (IBM Corporation, Armonk, NY, USA). Pearson’s chi-square test (categorical variables) and two-sample Student’s t-test (continuous variables) were used to analyze the relationship between RCN3 and clinicopathological characteristics. Overall survival and disease-free survival curves were plotted using the Kaplan-Meier method, and the log-rank sum test was used to detect the differences. Univariate Cox proportional hazards models were used to determine all the possible prognostic factors, and significant ones were further verified by multivariate analysis. P < 0.05 was considered statistically significant for a two-sided test.

3  Results

3.1 Bioinformatics Analysis of RCN3 in CRC

The expression profiles of RCN3 in the related specimens were extracted from the processed data and compared with different pathological types of colorectal tissues (Fig. 1A). We found that high RCN3 expression predicted worse disease-free survival in CRC in the TCGA cohort, according to the GEPIA database. Moreover, the expression of RCN3 was higher in the carcinoma than in the normal colon. Higher RCN3 expression was also found to be related to the advanced stages (III and IV) than the early stages (І and II). Similar conclusions were drawn from the GEO cohort with a lower RCN3 expression in the normal colon than in the carcinoma tissues (Figs. 1E and 1F).
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Figure 1: Exploration of RCN3 expression in CRC. A) Different expression levels of RCN3 in the TCGA cohort. B) Expression levels of RCN3 in different stages in CRC. C) Relations between overall survival and RCN3 expression in the TCGA cohort. D)Relations between disease-free survival and RCN3 expression in the TCGA cohort. E) Bioinformatics analyses of RCN3 mRNA expression in normal tissue and CRC in the GSE41258 cohort. F) Bioinformatics analyses of RCN3 mRNA expression in normal tissue and CRC in the GSE37364 cohort. The error bar represents the means ± SD
Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

3.2 RCN3 Expression Detected in Clinical Specimens

In this study, we examined RCN3 expression in 483 colorectal cancer specimens by immunohistochemistry. The optimal RCN3 expression cutoff value of 260 was considered based on the overall survival of the receiver operating characteristic curve. Therefore, 222 cases were classified as low RCN3 expression and 262 cases as high RCN3 expression. Regarding its subcellular localization, RCN3 was found to be localized in the ER lumen. The IHC analysis demonstrated that the positive rate of RCN3 was significantly increased in CRC specimens compared with that in the paired adjacent nontumor specimens or normal intestinal mucosa (Figs. 2A–2D). These results suggested upregulation of RCN3 in CRC. Meanwhile, abnormal RCN3 expression might be related to the chronic progression of colorectal malignancies.
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Figure 2: Representative IHC images of (A) normal, (B) adenoma, (C) metastasis, and (D) carcinoma (200X magnification, Scalebar, 200 μm)

3.3 Association of RCN3 Levels with Clinicopathologic Characteristics

As an elevated expression pattern of RCN3 was observed in the malignant tissues, we next analyzed the relationship between RCN3 risk and the clinicopathological factors from the patients. The statistical analysis showed that RCN3 was significantly associated with the tumor site (p < 0.05) (Fig. 3A). Moreover, a significant relationship was identified between RCN3 and grade (p < 0.05) or the number of resected lymph nodes (p < 0.001) (Figs. 3B and 3C). Nevertheless, no remarkable correlations were observed between RCN3 and gender, age at diagnosis, CEA level, CA199 level, TNM stage, or the history of adjuvant chemotherapy.
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Figure 3: Comparison of epithelial RCN3 expression in (A) different tissues, (B) grades, and (C) different numbers of resected lymph nodes
Note: *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.

3.4 High Expression of RCN3 Protein Predicted a Poor Prognosis in CRC

The correlation between disease-free survival and RCN3 expression was evaluated in 483 patients using Kaplan-Meier analysis. The results showed that patients with high RCN3 tumor expression had unfavorable disease-free survival compared with those with low expression (Fig. 4A, p < 0.01). This survival pattern indicated that CRC patients with high RCN3 had a higher risk of tumor relapse than those with low RCN3 expression. In univariate survival analysis, RCN3 risk classification (p < 0.01), tumor grade (p < 0.01), TNM stage (p < 0.01), tumor location (p < 0.05), and the number of resected lymph nodes (p < 0.01) were also proved to be associated with disease-free survival of these patients. These results indicated that CRC patients with higher RCN3 expression tumor grade, and TNM stage, with more than 12 resected lymph nodes have a higher risk of tumor reoccurrence than their counterparts (Table 2).
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Figure 4: Survival analysis (A) association between RCN3 expression and overall survival (OS) or (B) disease-free survival (DFS) in 483 patients
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Furthermore, to validate the independent effect of RCN3 expression on disease-free survival, we performed Cox proportional hazards model analysis adjusting for gender, age, tumor grade, location, history of chemotherapy, the number of resected lymph nodes, and TNM stage, which aimed to control confounding paraments. The hazard ratio (HR) of the high RCN3 risk in 483 patients was found to be 0.606 (95% CI: 0.362–1.015, p < 0.05) than those with RCN3 low expression tumors (Table 2). Moreover, tumor grade, TNM stage, and the number of resected lymph nodes were also found to be independently associated with disease-free survival of patients in multivariate analysis. These results suggested that patients with high RCN3 expression have a higher risk of tumor reoccurrence than those with a low level of RCN3.

Similar to the results of disease-free survival, the RCN3 expression level was found to be statistically correlated to the overall survival of patients. Univariate survival analysis showed that patients with high RCN3 tumor expression had unfavorable overall survival compared with those with low RCN3 tumor expression (Table 2). However, in multivariate analysis, RCN3 risk was not found to be correlated to the overall survival of the patients.

3.5 RCN3 Expression May Predict the Prognosis of Patients with Early-Stage Rectal Cancer

We performed subgroup analysis based on the cancer site, one with rectal cancer (n = 254) and one with colon cancer (n = 229). In rectal cancer, high expression of RCN3 was associated with worse disease-free survival (Fig. 5A, p < 0.05). However, in colon tumors, there was a relationship between high expression of RCN3 and overall survival (Fig. 5B, p < 0.05). To further explore the relationship between RCN3 and tumors at different sites, patients were divided into early (stages І and II) and advanced (stage III) groups. We found that RCN3 predicted disease-free survival in the early stage of rectal cancer (p < 0.05). However, in colon cancer, the expression of RCN3 was not significantly associated with the survival outcomes in the early or late stages (Figs. 6A–6D).
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Figure 5: The analysis of different tumor sites. Kaplan–Meier survival curves with OS in patients with (A) colon cancer and (B) rectal cancer. Kaplan–Meier survival curves with DFS in patients with (C) colon cancer and (D) rectal cancer
Note: p values are from Kaplan–Meier analysis with the log-rank test.
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Figure 6: Kaplan–Meier survival curves with DFS of the colon (C–D) or rectal cancer (A–B) patients in early (stages І and II) and advanced (stage III)

3.6 RCN3 Expression is Associated with Chemotherapy in the Colon or Rectal Cancer

We collected follow-up data on patients with colon or rectal cancer. The Kaplan-Meier survival analysis showed that colon cancer patients who received chemotherapy RCN3 expression predicted overall survival (p < 0.01). In rectal cancer patients receiving chemotherapy, high RCN3 expression was also associated with undesirable disease-free survival (p < 0.05). These results indicated that RCN3 predicted not only the prognosis of patients but also chemotherapy sensitivity (Figs. 7A–7D).
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Figure 7: Kaplan–Meier survival curves with OS and DFS in patients with (A) history of taking chemotherapy in rectal cancer or (B) without chemotherapy. Kaplan–Meier survival curves with OS and DFS in patients with (C) history of taking chemotherapy in colon cancer or (D) without chemotherapy
Note: p values are from Kaplan–Meier analysis with the log-rank test.

4  Discussion

In the present study, the expression patterns of RCN3 in CRC and adjacent normal tissues were first compared using published gene expression profiles. We found that RCN3 transcript levels were consistently higher in CRC than in adjacent normal tissues in three datasets of the TCGA and GEO. The tissue specimens from the CRC cohort were then studied. The IHC analysis showed that RCN3 protein was mainly distributed in the ER lumen of colorectal epithelial cells. RCN3 protein expression was higher in cancer tissues as compared to normal tissues. Moreover, the epithelial RCN3 expression was significantly lower in colorectal polyps than in normal tissues. This suggested that reduced expression of RCN3 in the epithelium was associated with the development of CRC and maybe an early event.

In contrast to colon cancer, the role of adjuvant chemotherapy in the modern management of rectal cancer remains controversial [9,10]. Several randomized controlled studies have demonstrated that colon cancer patients can benefit from adjuvant chemotherapy [11,12]. However similar conclusion could not be drawn for rectal cancer patients [13]. Rectal cancer patients who received neoadjuvant chemoradiation followed by surgery and adjuvant chemotherapy did not survive longer than those who received surgery alone [9]. In the present study, patients were divided into rectal and colon groups according to tumor location. The relationship between receiving or not receiving adjuvant chemotherapy and RCN3 immunohistochemical score was analyzed. The RCN3 immunohistochemical score was associated with overall survival in colon cancer patients receiving chemotherapy. This suggested that RCN3 predicted survival outcomes in different tumor site subgroups. Thus, RCN3 can also be used as a potential marker to predict chemotherapy sensitivity.

RCN3 is a promising molecular chaperone assisting in protein biosynthesis and transport in ER [14–17]. RCN3 is also related to the occurrence and development of tumors in the lung and cervical cancers [7,18]. According to the Uniprot database, GO analysis showed that RCN3 is closely related to the process of collagen fiber synthesis. It has also been reported that RCN3 deficiency in the alveolar epithelium exacerbates bleomycin-induced pulmonary fibrosis [19]. In human cardiac fibroblasts, RCN3 was identified as a novel negative mediator of collagen production. Moreover, as a member of the CREC protein family, RCN3 may gently cause intestinal malignancy by intervening with the cell secretion process or abnormal functioning as the molecular chaperone of the endothelial cells [3,6,17,20–22]. Further studies are warranted to explore possible mechanisms of the RCN3 in CRC.

5  Conclusions

There have been relevant studies on the expression of RCN3 in CRC, however, the research on the correlation between the two and their combined effect on the CRC prognosis was lacking. Our study is the first to propose that RCN3 is involved in the early occurrence and development of CRC and its role in accurately predicting the prognosis and facilitating the screening of subgroups of patients. In addition, from a therapeutic point of view, the increased expression level of RCN3 may have an indicative effect on the prognosis of tumor patients. Therefore, an in-depth understanding of the role of RCN3 CRC will help adopt various strategies from multiple perspectives to improve the prognosis and survival level, which aligns with the concept of multidisciplinary comprehensive CRC treatment. Further mechanistic studies may provide a depth understanding of CRC prognosis.
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Table 1: Characteristics of patients with CRC dichotomized by RCN3 expression

Variables All (n = 483) Colon (n = 229) Rectum (n = 254)
RCN3" RCN3" P- RCN3" RCN3" P- RCN3" RCN3" P-value
(n=261) (n =222) value (n=136) (n=93) value (n=125) (n =129)

Age, mean + SD 60.10 + 61.21 + 0970  62.00 £ 63.05 + 0.455 5834+ 60.10 + 0.139
12.65 12.57 13.64 12.51 10.94 12.33

Sex, n (%) 0.849 0.344 0.327

Male 140 (53.6) 121 (54.5) 73 (53.7) 44 (47.3) 67 (52.6) 77 (59.7)

Female 121 (46.4) 101 (45.5) 63 (46.3) 49 (52.7) 58 (46.4) 52 (40.2)

Differential grade, n 0.024 0.027 0.446

(%)

Well 9(3.5) 12 (5.5) 2 (1.5) 6 (6.7) 7(5.7) 6 (4.7)

Moderate 212 (82.8) 192 (88.1) 105 (78.9) 74 (83.1) 107 (87) 118 (91.5)

Poor 35 (13.7) 14 (6.4) 26 (19.5) 9 (10.1) 9(7.3) 5@3.9)

TNM stage, n (%) 0.761 0.970 0.528

I 39 (14.9) 35 (15.8) 13 (9.6) 9(9.7) 26 (20.8) 26 (20.2)

I 123 (47.1) 110 (49.5) 77 (56.6) 54 (58.1) 46 (36.8) 56 (43.4)

III 99 (37.9) 77 (34.7) 46 (33.8) 30 (32.3) 53 (42.4) 47 (36.4)

Chemotherapy, n (%) 0.331 0.498 0.485

Yes 196 (75.1) 158 (71.2) 102 (75) 66 (71) 94 (75.2) 92 (71.3)

No 65 (24.9) 64 (28.8) 34 (25) 27 (29) 31 (24.8) 7 (28.7)

Serum CEA, n (%) 0.422 0.495 0.375

<5 ng/ml 169 (64.8) 136 (61.3) 88 (64.7) 53 (57) 81 (64.8) 83 (64.3)

>5 ng/ml 91 (34.9) 83 (37.4) 47 (34.6) 39 (41.9) 44 (35.2) 44 (34.1)

missing 1(0.4) 2(0.4) 2 (0.9) 2 (0.8)

Serum CA199, n (%) 0.267 0.445 0.288

<37 U/ml 229 (87.7) 185 (83.3) 117 (86) 75 (80.6) 112 (89.6) 110 (85.3)

>37 U/ml 31 (11.9) 33 (14.9) 18 (13.2) 16 (17.2) 13 (10.4) 17 (13.2)

missing 1(0.4) 2(0.4) 3(1.3) 2 (0.8)

Resected Lymph nodes <0.001 0.004 0.008

>12 115 (44.1) 139 (62.6) 46 (33.8) 50 (53.8) 69 (55.2) 89 (68.9)

<12 136 (52.1) 70 (31.5) 82 (60.3) 37 (39.8) 54 (43.2) 33 (25.6)

missing 10 (3.8) 13 (5.9) 8 (5.9) 6 (6.5) 2 (1.6) 7 (5.4)
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Table 2: Cox regression analysis of RCN3 expression and clinicopathological covariates in the IHC specimens

of CRC patients
Characteristics Disease-free survival Overall survival
Univariate Multivariate Univariate Multivariate
HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value HR (95% CI) p-value
RCN3-high vs. RCN3-low  2.147 0.00255 0.607 0.05 0.4109 0.0317
(0.2834-0.7651) (0.362-1.016) (0.1825-0.9248)
Age (>60 vs. <60 years) 1.015 0.118 1.029 0.0835
(0.9963-1.034) (0.9963-1.062)
Sex (Female 1.199 0.418 0.7016 0.35
vs. male) (0.5373-1.294) (0.3338-1.475)
Location (Rectum vs. colon) 1.458 0.097 1.05268 0.889
(0.4392-1.071) (0.5123-2.163)
TNM (IIT vs. I + 1) 1.972 <0.001 2.238 <0.001 1.2520 0.434
(1.377-2.825) (1.463-3.423) (0.7128-2.199)
Grade (poorly vs. others ) 3.972 <0.001 0.691 <0.001 0.2041 <0.001 0.007 0.022
(0.141-0.4494) (0.021-0.232) (0.08082—0.5154) (0.008—0.687)
Chemotherapy (yes vs. no)  1.625 0.0983 1.2524 0.622
(0.9138-2.891) (0.5113-3.068)
Resected Lymph nodes 2.369 <0.001 2.542 <0.001 2.674 0.001  2.305 0.012
(>12 vs. <12) (1.69-3.322) (1.673-3.861) (1.482—4.824) (1.198-4.431)
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