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Background: Prognostic biomarkers in colorectal carcinoma (CRC) have an important role in therapeutic strategy. Studies have shown that high expression of Aquaporin (AQP) is associated with poor prognosis in a variety of human tumors. AQP is involved in the initiation and development of CRC. The present study aimed to investigate the correlation between the expression of AQP1, 3 and 5 and clinicopathological features or prognosis in CRC.
Methods: The AQP1, 3 and 5 expressions were analyzed based on the immunohistochemical staining of tissue microarray specimens including 112 patients with CRC between June 2006 and November 2008. The expression score of AQP (Allred_score and H_score) was digitally obtained with Qupath software. Patients were divided into high or low expression subgroups based on the optimal cut-off values. The relationship between expression of AQP and clinicopathological characteristics were evaluated using chi-square test, t-test, or one-way ANOVA, when appropriate. Survival analysis of 5-year progression free survival (PFS) and overall survival (OS) was performed with time-dependent ROC, Kaplan-Meier curves, univariate and multivariate COX analysis.
Results: The AQP1, 3 and 5 expressions were associated with regional lymph node metastasis, histological grading, and tumor location in CRC, respectively (p < 0.05). Kaplan-Meier curves showed that patients with high AQP1 expression had worse 5-year PFS than those with low AQP1 expression (Allred_score: 47% vs. 72%, p = 0.015; H_score: 52% vs. 78% p = 0.006), as well as 5-year OS (Allred_score: 51% vs. 75%, p = 0.005; H_score: 56% vs. 80%, p = 0.002). Multivariate Cox regression analysis indicated that AQP1 expression was an independent risk prognostic factor (p = 0.033, HR = 2.274, HR95% CI: 1.069–4.836). There was no significant correlation between the expression of AQP3 and 5 and the prognosis.
Conclusion: The AQP1, 3 and 5 expressions correlate with different clinicopathological characteristics and the AQP1 expression may be a potential biomarker of prognosis in CRC.
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INTRODUCTION
Colorectal carcinoma (CRC) is the second most deadly cancer and the third most prevalent malignant tumor worldwide [1]. In the past few decades, despite aggressive surgery and advances in chemotherapy, the prognosis for CRC remains unsatisfactory, the 5-year survival rate of CRC patients is still less than 64% [2, 3]. Previous studies have shown that the effectiveness of postoperative chemotherapy and patient survival was closely related to tumor biology [4, 5]. Therefore, the discovery of potential biomarkers is imperative to predict the prognosis of CRC.
Aquaporins (AQPs), a family of transmembrane proteins, are widely distributed on the membrane of nucleated cells. The fluid transfer interceded by AQPs is the primary method for water entry into the cells or outside the cells [6]. At present, it is known that 13 kinds of AQPs can be expressed in humans, of which AQP0, AQP1, AQP2, AQP4, AQP5, AQP6, and AQP8 play a major role in selectively transporting water molecules; AQP3, AQP7, AQP9, and AQP10 can transport glycerol and other small molecular solutes [7], while AQP11 and AQP12 are responsible for the transport of H2O2 in the endoplasmic reticulum [8]. Some clinical studies have indicated that AQPs play an important role in maintaining osmotic pressure, regulating tumor cell migration, cell-matrix adhesion and cell proliferation, and promoting tumor neovascularization [9]. In addition, AQPs have extensive interactions with oncogenes and proteins [10]. Recent research has proved that AQPs were strongly expressed in a variety of human tumors, including, renal cell carcinoma [11], prostate cancer [12], breast cancer [13], pancreatic adenocarcinoma [14], and lung cancer [15].
Although previous studies have confirmed that AQP1 was strongly associated with the prognosis of CRC, a consensus has not been reached until now. Yoshida et al [16] showed that AQP1 was an independent poor prognostic factor for overall survival (OS, p = 0.03). On the contrary, Byung et al [17]found that AQP1 was suggested as not an independent prognostic factor for progression free survival (PFS) and OS. Likewise, Imaizumi et al [18] demonstrated that AQP1 expression was not related to the PFS. In our previous research, we found that the ultra-high b-value DWI could match AQP1 expression of tumor and accordingly speculate AQP1 may be a potential biomarker for prognosis [19]. Up until now, few studies have used two expression scores to evaluate the possible correlation between AQP1, 3 and 5 expression and clinicopathological characteristics or prognosis in CRC. Since the AQPs with high expression in CRC are mainly AQP1, 3 and 5 [20], We therefore hope to determine whether AQP1, 3 and 5 could be used as specific biomarkers indicating that CRC has different clinicopathological features and prognosis.
MATERIALS AND METHODS
Patients
This study was approved by the Ethics Committee of Xijing Hospital and informed consent was acquired for patient specimens and follow-up information. A total of 191 patients with CRC who had undergone surgical resection between June 2006 and November 2008 were investigated and followed up until 2016 in this study. According to the following inclusion and exclusion criteria (Figure 1), the postoperative specimens of 112 patients were involved. The inclusion criteria included: 1) histologically confirmed colorectal adenocarcinoma; 2) age ≥ 18; 3) without other malignant tumors. The exclusion criteria included: 1) non-adenocarcinoma (n = 15); 2) received preoperative anti-tumor therapies (n = 48); 3) follow-up data unavailable (n = 16); 4) unqualified specimens (AQP1, n = 9; AQP3, n = 5; AQP5, n = 3). Lastly, the total number of specimens evaluated for AQP1 expression was 103, AQP3 expression was 107 and AQP5 expression was 109. The main indicators were PFS and OS. PFS was defined as the period of time from the patient’s diagnosis date until any tumor progression, such as metastasis, recurrence, or death. OS was defined as the period of time from the diagnostic date until death from any cause.
[image: Figure 1]FIGURE 1 | Flow chart of the eligible patient’s selection.
Immunohistochemical staining of AQP1, 3 and 5
Each TMA contained 17 patients’ tissues including 2 cores of tumor tissue and 1 core of paracancerous tissue for one patient. The core diameter of TMA was 1.6 mm. The immunohistochemical staining was performed on a Leica BOND-MAX autoimmunostainer (Leica Instrument Co., Ltd.). The tissue chips were first cut into 4-μm-thick slices using a microtome, attached to slides, dried, and baked at 60°C for 24 h before use. The prepared slices were dewaxed with xylene, rehydrated with different concentrations of ethanol (100% and 95%), rinsed with distilled water, and repaired with heat-induced antigen. Finally, the antigen was detected by an automatic staining machine (Benchmark) and Bond Polymer Purification Detection Kit (LeicaInstrumentCo., Ltd.). The primary antibodies (Abcam) were diluted as follows: anti-AQP1 (ab168387, 1:1,000), anti-AQP3 (ab125219, 1:500), and anti-AQP5 (ab92320, 1:200).
Scoring of AQP immunohistochemical staining
All slides were scanned with a Nano Zoomer SQ (HAMAMATSU, Japan). The expression levels of AQP1, 3 and 5 in the tumor region of each core of TMA were evaluated by Qupath software (Quantitative Pathology, version 0.2.0) and corresponding scores (Allred_score [21]and H_score [22]) were obtained. The average score of two tumor cores from the same patient was submitted for statistical analysis.
The combination of the values for staining intensity and the percentage of positively stained cells produced an Allred score that ranged from 0 to 8. The intensity was given a score between 0 and 3, with 0 representing no staining, 1 representing weak staining, 2 representing moderate staining, and 3 representing high staining Scores representing the proportion of positively stained tumor cells were stratified as 0 (no positive tumor cells), 1 (<1%), 2 (1%–10%), 3 (10%–33%), 4 (33%–67%) and 5 (67%–100%).
The H_score which ranged from 0 to 300 was calculated with the following equation: H_score = ∑ (PI  ×  I) = (percentage of cells with weak intensity  ×  1) + (percentage of cells with moderate intensity ×  2) + (percentage of cells with strong intensity × 3). The terms PI and I in the formula represent the proportion of positive cells to all cells and the staining intensity (0–3), respectively.
Statistical analysis
All analyses were completed using the statistical programming language R (version 4.1.2, 6.1, www.r-project.org) and SPSS (version 26.0, IBM, Armonk, NY). For all statistical tests, differences were considered statistically significant when the p-value was <0.05 (two-tailed).
The correlations between AQP expression and clinicopathological characteristics were investigated with chi-square test, t-test, or one-way ANOVA, when appropriate. The optimal cut-off values of AQP (Allred_score and H_score) to distinguish high AQP1, 3 and 5 expressions from low expression were determined separately using time-dependent ROC curves (R package “survival ROC”). The Kaplan-Meier curves and log-rank tests were used to perform survival analysis of AQP expression by R package “survival.” The Cox proportional hazard regression models were used to conduct both univariate and multivariate survival analyses.
RESULTS
Patient characteristics
A total of 112 patients were eventually enrolled in this retrospective study. The AQP1 group contained 103 consecutive patients (66 males, 37 females; mean age, 59.5 ± 13.4 years; mean follow-up, 78 months, range: 1–128 months). The AQP3 group contained 107 consecutive patients (67 males, 40 females; mean age, 58.8 ± 14.0 years; mean follow-up, 79 months, range: 1–128 months). The AQP5 group contained 109 consecutive patients (68 males, 41 females; mean age, 58.9 ± 14.0 years; mean follow-up, 78 months, range: 1–128 months). The other clinical characteristics of patients were presented in Table 1.
TABLE 1 | Clinicopathological characteristics of patients in AQP1, 3 and 5 groups.
[image: Table 1]Patients were divided into high or low expression subgroups according to the optimal cut-off values (Allred_score and H_score) of AQP1, 3 and 5 expressions which were determined by time-dependent ROC curves according to the 5-year PFS. The optimal cut-off values for AQP1 (Allred_score) and AQP1 (H_score) were 6.0 and 116.17, respectively. The optimal cut-off values for AQP3 (Allred_score) and AQP3 (H_score) were 5.5 and 115.64, respectively. The optimal cut-off values for AQP5 (Allred_score) and AQP5 (H_score) were 6.0 and 18.64, respectively. Accordingly, Immunohistochemical examples of low and high expression of AQP1, 3 and 5 were shown in Figure 2.
[image: Figure 2]FIGURE 2 | Representative IHC staining of high and low expression of AQP1, AQP3 and AQP5 (×100).
Associations between AQP1, 3 and 5 expressions and clinicopathological characteristics
This study investigated the relationship between AQP1, 3 and 5 expression and gender, age, primary tumor site, histological grading, and TNM stage. For Allred_score, the rate of AQP1 high expression in the positive lymph node group was significantly more common than that in the negative lymph node group (79.4% vs. 58.0%, χ2 = 4.605, p = 0.032, Figure 3). For H_score, the expression of AQP1 was significantly higher in positive lymph node group than that in negative lymph node group (134.81 ± 44.573 vs. 105.978 ± 46.122, t = 3.016, p = 0.003, Figure 4).
[image: Figure 3]FIGURE 3 | Percentage bar graph about the correlation between AQP1 (Allred_score) expression and clinicopathological characteristics. The AQP1 expression was significantly correlated with the N stage of CRC (χ2 = 4.605, p = 0.032).
[image: Figure 4]FIGURE 4 | Violin plots about AQP1 (H_score) expression and clinicopathological characteristics. The AQP1 (H_score) expression was significantly correlated with the N stage of CRC (t = 3.016, p = 0.003).
The AQP3(Allred_score) was significantly correlated with the histological grading of CRC. (χ2 = 10.773, p = 0.005, Supplementary Figure S1), AQP3 (H_score) had a similar conclusion (F = 4.212, p = 0.017, Supplementary Figure S2). In multiple comparisons between groups, AQP3 expression (H_score) was found to be significantly higher in well-differentiated group than in moderate-differentiated group (p = 0.005, Supplementary Figure S2), while no statistically significant differences in AQP3 expression were found between the well-differentiated group and poor-differentiated group, as well as moderate-differentiated group and poor-differentiated group (p = 0.233 and 0.542, respectively).
The AQP5 (Allred_score) was apparently associated with the tumor location of colorectal carcinoma (χ2 = 8.123, p = 0.004, Supplementary Figure S3), AQP5 (H_score) had a similar conclusion, resulting in significantly lower AQP5 expression in the left hemicolectomy than in the right hemicolectomy (50.473 ± 54.175 vs. 90.052 ± 62.624, t = −3.531, p = 0.001, Supplementary Figure S4).
Kaplan-Meier survival curves with AQP1, 3 and 5 expressions
Kaplan-Meier survival curves demonstrated that the patient with high expression of the AQP1 had poorer 5-year PFS than patients with low expression of the AQP1 (Allred_score, 5-year PFS = 47% vs. 72%, p = 0.015, Figure 5A; H_score, 5-year PFS = 52% vs. 78%, p = 0.006; Figure 5B). Likewise, the survival rate of patients with high AQP1 expression in 5-year OS was significantly lower compared to that of patients with low AQP1 expression in 5-year OS (Allred_score, 5-year OS = 51% vs. 75%, p = 0.005, Figure 5C; H_score, 5-year OS = 56% vs. 80%, p = 0.002; Figure 5D). However, Kaplan-Meier survival curves presented that the 5-year PFS and OS of patients in high or low AQP3 and 5 expression groups had no statistical difference. (p > 0.05, Supplementary Figures S5, S6).
[image: Figure 5]FIGURE 5 | Kaplan-Meier survival curves of 5-year PFS and OS for patients based on AQP1 expression. Patients with high AQP (Allred_score) expression had worse 5-year PFS and OS than those with low AQP (Allred_score) expression [47% vs. 72%, p = 0.015, (A); 51% vs. 75%, p = 0.005; (C)], with similar results for AQP1 (H_score) expression [52% vs. 78%, p = 0.006, (B); 56% vs. 80%, p = 0.002; (D)].
Univariate and multivariate COX regression analysis of the prognosis
The AQP1, 3 and 5 expression and clinicopathologic factors, including age, gender, primary tumor site, histological grading, TNM-stage and treatment strategy, were submitted into univariate and multivariate COX regression analysis. The univariate Cox regression analysis showed that AQP1 (Allred_score and H_score), age, and TNM-stage were risk factors of 5-year PFS and OS for CRC (p < 0.05), while the expression of AQP 3 and AQP5 were not correlated with 5-year PFS and OS (p > 0.05, Table 2).
TABLE 2 | Univariate cox regression analysis for prognosis of colorectal carcinoma.
[image: Table 2]Since the Allred_score and H_score were two indicators to evaluate the same protein expression and the univariate COX analysis showed that the H_score was more significant than Allred_score in PFS and OS assessment (PFS, p = 0.008 vs. 0.017; OS, p = 0.003 vs. 0.008), the multivariate COX regression analysis was performed using H_score of AQP1 and indicated that AQP1 was no longer an independent risk factor for 5-year PFS (p = 0.086, HR = 1.866, HR95% CI: 0.916–3.800), but an independent risk factor for 5-year OS (p = 0.033, HR = 2.274, HR95% CI: 1.069–4.836, Table 3).
TABLE 3 | Multivariate cox regression analysis for prognosis of colorectal carcinoma.
[image: Table 3]DISCUSSION
In the present study, we investigated the correlation between AQP1, AQP3 and AQP5 expression and clinicopathological features or prognosis in 121 patients with CRC. The AQP1 expression, AQP3 expression and AQP5 expression were related to regional lymph node metastasis, histological grading, and tumor location of CRC, respectively. In survival analysis, the AQP1 high expression was related to poor 5-year PFS and OS and was an independent prognostic factor for 5-year OS, but the AQP3 and AQP5 expression were not significantly correlated with prognosis in CRC.
This study found that AQP1 (H_score) expression was significantly higher in the positive lymph node group than negative lymph node group (134.81 ± 44.573 vs. 105.978 ± 46.122, p = 0.003) and AQP1 (H_score) high expression group had significantly worse 5-year PFS than that of the AQP1 low expression group (52% vs. 78%, p = 0.006). These results were similar to the work by Yoshida et al. [16] who found that high AQP1 expression in stage II/III colon cancer was strongly associated with regional lymph node metastasis and the 5-year survival rate was significantly lower in the positive AQP1 expression group than the negative group (73.7% vs. 87.9%, p = 0.03). In contrast, Byung et al. [17] showed that patients with AQP1 high expression are less likely to develop regional lymph node metastasis which was inconsistent with the theory that high AQP1 expression can promote tumor invasion and metastasis.
Although the molecular mechanism of AQP1 in cancer biology is not fully understood, numerous studies have indicated that AQP1 is involved in the angiogenesis, migration, and proliferation of tumor cells, which plays an important role in the development of cancer [23]. Potential downstream effectors in the signaling pathways involved in AQP1-mediated tumor progression include β-linked protein, Lin-7, FAK, MMP2, MMP9, and histone proteinase B [24]. A representative study reported that AQP1 may enhance the migratory ability and invasiveness of tumor cells by mediating the Wnt/β-catenin signaling pathway and stabilizing the cadherin/β-catenin/Lin-7/F-actin complex on cell membranes [25, 26]. β-catenin as an intracellular signal transducer in the canonical Wnt signaling pathway regulates the expression of downstream genes (c-Myc, cyclinD1, c-Jun, and FRA1), which leads to cell proliferation, differentiation, and inhibition of apoptosis [27]. Therefore, regional lymph node metastasis should be associated with high AQP1 expression, rather than low expression. The high AQP1 expression was strongly associated with worse 5-year PFS and OS, which supports that high AQP1 expression can promote tumor invasion and reduce patient survival. There was no significant correlation between AQP1 expression and other clinicopathological characteristics (gender, age, tumor location, histological grading, T stage, and M stage).
The high expression of AQP3 has been observed in several cancers, which promotes to metastasis, proliferation, and epithelial-to-mesenchymal transition (EMT) [28]. Despite previous studies found that the high expression of AQP3 was related to the degree of lymphatic metastasis and differentiation of CRC [29], this study only found that the expression of AQP3 was related to the histological grading of CRC. Specifically, there was no linear relationship between AQP3 expression and histological grading which may be partially attributed to the small sample size of patients with low differentiation (n = 11). Further studies with more low differentiation of sample sizes are needed to validate the result.
In a recent study, Byung et al. [17] showed that AQP5 was not associated with PFS and OS of CRC. This outcome is contrary to that of Tao Shan et al. [30] who found that AQP5 was closely correlated with poor prognosis. According to our current study, the expression of AQP5 was related to the location of the tumor which might remind us that AQP5 played a different role in left and right-sided CRC. There was no significant correlation between AQP5 expression and other clinicopathological characteristics (age, gender, histological grading, and TNM stage).
Although both Allred_score and H_score are semi-quantitative indicators for evaluating protein expression, the range of H_score (0–300) is significantly higher than that of Allred_score (0–8). Therefore, H_score can be analyzed as a continuous variate. As the statistical efficiency of the H_score was generally better than Allred_score in this study, it was considered that H_score could describe AQP expression more accurately than Allred_score and was a better indicator for evaluating protein immunohistochemical results. Qupath is a free open-source digital pathological analysis software developed by the Center for Cancer Research and Cell Biology of Queen’s University in Belfast, which has been widely used all over the world [31]. Several studies published in Nature [32], Cell [33], and Science [34] have demonstrated that quantitative analysis of biomarkers using Qupath software has good reliability and repeatability.
This study has some potential limitations. Firstly, it had a retrospective nature and a relatively small number of patients. In particular, there were only 11 cases of poor-differentiated CRC, more subjects need to be included in further evaluation. Secondly, the heterogeneity of staining may be affected by different sampling methods (TMA vs. whole slides), which is a possible reason that may contribute to different results in the literature. In this study, two tissue cores were carefully selected by a pathologist with 16-year experiences in gastrointestinal cancer, which may compensate for the insufficient representativity of TMA to some extent. Furthermore, we performed a long-time follow-up and digital scoring method for IHC staining, which may supply solid support for the conclusion of this study.
In conclusion, our data suggested that the expression levels of AQP1, AQP3 and AQP5 were associated with regional lymph node metastasis, histological grading, and tumor location of CRC, respectively. However, only AQP1 expression level was an independent risk factor for the prognosis of CRC.
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Characteristics AQP1 (n =103) AQP3 (n =107) AQP5 (n =109)

Age, years (mean + SD), n (%) 595+ 134 588 + 140 589 £ 14.0
<60 50 (48.5%) 53 (49.5%) 54 (49.5%)
260 53 (51.5%) 54 (50.5%) 55 (50.5%)

Gender, n (%)

Male 66 (64.1%) 67 (62.6%) 68 (62.4%)
Female 37 (35.9%) 40 (37.4%) 41 (37.6%)

Primary tumor site, n (%)

Left colon 61 (59.2%) 60 (56.1%) 62 (56.9%)
Right colon 42 (40.8%) 47 (43.9%) 47 (43.1%)

Histological grade, n (%)

Well differentiated 33 (320%) 35 (327%) 36 (33.0%)
Moderate differentiated 62 (60.2%) 61 (57.0%) 62 (56.9%)
Poor differentiated 8 (7.8%) 11 (10.3%) 11 (10.1%)
TNM stage, n (%)
1 22 (21.4%) 24 (22.4%) 24 (22.0%)
i 42 (40.8%) 40 (37.4%) 42 (38.6%)
m 22 (21.4%) 25 (23.4%) 25 (22.9%)
v 17 (165%) 18 (168%) 18 (16.5%)

T stage, n (%)

T2 25 (24.3%) 27 (25.2%) 27 (24.8%)
T 26 (25.2%) 27 (25.2%) 28 (25.7%)
T4 52 (50.5%) 53 (49.5%) 54 (49.5%)

N stage, n (%)

N- 69 (67%) 70 (65.4%) 72 (66.1%)
N+ 34 (33%) 37 (34.6%) 37 (33.9%)

M stage, n (%)

M- 86 (83.5%) 89 (832%) 91 (83.5%)
M+ 17 (165%) 18 (168%) 18 (16.5%)

Treatment strategy, n (%)

Surgery only 31 (30.1%) 33 (30.8%) 34 (31.2%)
Surgery + other treatment 72 (69.9%) 74 (69.2%) 75 (68.8%)

Survival rate, n (%)
3-year PFS 68% 68% 67%
3-year OS 70% 70% 69%
5-year PFS 60% 60% 59%
5-year OS 61% 62% 61%
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Variate

AQP1 (Allred_score 6)
AQP3 (Allred_score 25.5)
AQPS (Allred_score >6)
AQP1 (H_score 2116.17)
AQP3 (H_score 2115.64)
AQPS (H_score 218.64)
Gender (male)

Age (260)

Primary tumor site (left)
Histological grade (low)
TNM-stage (III-1V)

Treatment (comprehensive)

PES

P

0.017
0.588
0.349
0.008
0.458
0.368
0.656
0.042
0.969
0475
<0.001
0.064

HR (95% CI)

2.144 (1.143-4.021)
1.187 (0.638-2.211)
1.402 (0.691-2.845)
2.532 (1.282-5.004)
1.283 (0.64-2.478)
1.385 (0.682-2.809)
0.859 (0.442-0.163)
1.971 (1.024-3.794)
0.988 (0.522-1.870)
1.219 (0.708-2.100)
3.084 (1.624-5.858)
0.544 (0.287-1.037)

P

0.007
0.405
0.897
0.003
0495
0521
0.898
0.030
0.673
0213
<0.001
0.130

HR (95% CI)

2433 (1.276-4.641)
1319 (0.688-2.528)
1043 (0.550-1.979)
3,041 (1.471-6.288)
1248 (0.660-2.361)
1.264 (0.618-2.586)
0,957 (0.487-1.880)
2,115 (1.076-4.157)
0,869 (0.454-1.666)
1.428 (0.815-2.501)
3.122 (1.614-6.038)
0,598 (0.308-1.163)

Abbreviations: PFS, progression-free survival; OS, overall survival; HR (95% CI), hazard ratio and its 95% confidence interval. Univariate and multivariate COX regression analyses of

clinicopathological characteris

indicated that patients reccived surgery plus with neoadjuvant therapy and or adjuvant therapy.

Bold values are significant at p < 0.05.

ics were performed based on the data of the AQP1 group. The score of AQP expression (<cut-off value), age (<60 years old), gender (female), primary tumor

ste (right), histological grade (high and moderate), TNM:-stage (I-11) and treatment modality (surgery only) were set as references in COX regression analyses. Comprehensive treatment
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Variate PES

P HR95% CI P HR95% CI
Age (260 years) 0.252 1483 (0.756-2.911) 0229 1,533 (0.764-3.076)
TNM stage (III-IV) 0.007 2494 (1.285-4.839) 0.010 2450 (1.243-4.827)
AQP1 (H_score 2116.17) 0.086 1.866 (0.916-3.800) 0.033 2274 (1.069-4.836)

Abbreviations: PFS, progression free survival; OS, overall survival; HR (95% CI), 95% confidence interval of the hazard ratio. Multivariate COX regression analysis of clinicopathological
characteristics was conducted using AQP1 group data. The age (<60 years), TNM stage (I-I1) and AQP1 (H_score <116.17) were set as references in COX regression analyses.
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