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Abstract 

Background: Rho-associated coiled-coil kinase 2 (ROCK2) is an oncoprotein that 

controls cytoskeleton organization and acts as prognostic marker in different types of 

solid tumors. ROCK2 overexpression is also observed in cancer-associated 

fibroblasts (CAF), which suggests its relevance within the tumor microenvironment. 

This study aimed to access the prognostic value of ROCK2 in oral squamous cell 

carcinomas (OSCC) and its association with CAF density. 

Methods: ROCK2 immunohistochemical analysis was applied in 93 OSCC samples 

from 2 centers in Brazil and Finland. The samples were also stained for isoform α of 

smooth muscle actin (α-SMA) to characterize the presence of CAF in the tumor 

stroma. Clinicopathologic associations were analyzed using chi-square test, survival 

curves were constructed according to the Kaplan-Meier method, and Cox 

proportional hazard model was applied for multivariate survival analysis. 

Results: Advanced clinical stage (p=0.002) and increased density of CAF (p=0.002) 

were significantly associated with high ROCK2 expression. The high expression of 

ROCK2 was also associated with shortened disease-specific survival (HR: 2.22, 

95% CI: 1.15-4.38, p=0.04), but the association did not withstand the Cox 

multivariate survival analysis. 

Conclusions: The findings suggest that high ROCK2 expression in OSCC is 

associated with advanced disease and follows the increase in CAF density, which 

may be important for tumor progression. 

 

Introduction 

Oral squamous cell carcinoma (OSCC), one of the 10 most prevalent 

cancers worldwide, has a global annual incidence of approximately 300,000 new 

cases and 145,000 deaths, with considerable geographic and environmental risk 

factor differences1. Although the overall incidence of OSCC has been decreasing in 

some areas of the world, which is consistent with decreases in tobacco use, the 

global incidence of oral cavity cancers is predicted to rise in the next 20 years 
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because of demographic changes2. Clinical features including tumor size and 

cervical lymph node metastasis are the most consisting prognostic factors for OSCC, 

but it frequently shows unpredictable prognosis. Among the histological 

characteristics, depth of invasion has shown prognostic importance for OSCC3, 

leading to its incorporation in the T stage classification in the new edition of the 

stating manual of the American Joint Cancer Committee4. However, OSCC still 

shows significant morbidity and mortality rates, which have remained unchanged 

over recent decades5. Therefore, better prognostic markers are required to better 

understand and select more aggressive tumors. 

Rho-associated coiled-coil kinase 2 (ROCK2) is an oncoprotein with 

important roles in tumor proliferation, apoptosis, adhesion, migration and invasion, 

and its deregulated expression has been reported in tumor cells from hepatocellular 

carcinomas6, pancreatic adenocarcinomas7, colorectal cancers8, gastric cancers9, 

breast carcinomas10, esophageal cancers11, renal cell carcinomas12 and oral 

cancer13. In most of those studies, overexpression of ROCK2 has been related to 

tumor progression, metastasis and poor clinical outcome7,9,10,11,12, and its inhibition 

could suppress tumor invasion in vitro8. ROCK2 expression is also observed in the 

tumor microenvironment cells, including inflammatory cells, endothelial cells and 

cancer-associated fibroblasts (CAF)14,15. In CAF, expression of ROCK2 is predicted 

to stimulate Rho kinase signaling pathway, which in turn may contribute to tumor cell 

survival, proliferation and tumor progression14. In OSCC, CAF have been associated 

with poor outcome and promotion of tumorigenesis in vitro16,17. Owing to this pivotal 

function in cancer, ROCK2 has been suggested as a promising therapeutic target, 

but there is no data on the prognostic value for OSCC. On this context, we have 

evaluated CAF density and the prognostic role of ROCK2 expression in a cohort of 

OSCCs from Brazil and Finland.  

 

Materials and Methods 

This study was carried out following the REMARK guidelines for tumor 

marker prognostic studies18. 

 

Patients 

This study included samples from 93 patients with OSCC, who underwent 

radical surgery at the UOPECCAN Cancer Hospital (n=66), Cascavel, Brazil from 
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1998 to 2008, and at the University Hospital of Oulu, Finland (n=27) between 1979 

and 2009. All patients had never received prior therapy before surgery. This is a 

retrospective study and the complete demographic and clinical data were collected 

from patient’s records, including gender, age, habits such as smoking and alcohol 

consumption, tumor stage, tumor site, type of treatment post-surgery, histological 

grade, status of the surgical margins, recurrence and survival. Clinical tumor staging 

was performed according to the International Union Against Cancer (UICC) 2002 

staging system. The outcomes were categorized as disease-specific survival (DSS), 

time from treatment initiation until death due to cancer or last known date alive, and 

disease-free survival (DFS), time from treatment initiation until diagnosis of the first 

recurrence (local, regional or distant) or last follow-up information for those without 

recurrence. Only survivors with follow-up information of at least 5 years were 

included. The study was approved by the ethics review board of each of the 

hospitals affiliated with the collaborative study. 

 

Tissue samples 

Paraffin-embedded blocks of all cases were retrieved and new sections were 

stained with hematoxylin and eosin. Tumors were histologically graded according to 

the 2017 World Health Organization classification. Surgical margin, identified as the 

closest distance between the tumor and the surgical resection edge was categorized 

into 2 groups based on the cut-off value of 5 mm. Margins of less than 5 mm were 

considered involved, and margins of 5 mm or more were classified as free. 

Immunohistochemistry 

Immunohistochemistry was performed on 3 µm sections. Slides were 

dewaxed in xylene and rehydrated by using a graded alcohol series. Endogenous 

peroxidase activity was blocked with a 3% hydrogen peroxide solution, and antigen 

retrieval was performed with 10 mM citric acid pH 6.0 in a pressure cooker. Slides 

were then incubated with primary antibodies against ROCK2 (1:400, ab66320, 

Abcam, USA) and isoform α of smooth muscle actin (α-SMA, 1:400, clone 1A4, 

M0851, Dako, USA) at 4°C overnight, followed by biotinylated second antibodies 

(EnVisionTM+ system, Dako, USA) at 37oC for 30 min., avidin-biotin complex and 

incubation with 3,3'-diaminobenzidine tetrahydrochloride (Dako, USA) and 

counterstained with hematoxylin. Control reactions were performed by omission of 

the primary antibody. 
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ROCK2 expression was assessed by two pathologists who were not aware 

of any clinical data. Scores were assigned according to the percentage of positive 

tumor cells and the intensity of the staining10,11. For the percentage of positive tumor 

cells, the scores were: 0, negative; 1, <25%; 2, 26%-50%; and 3, >51%. For 

intensity, the scores were: 0, negative; 1, weak; 2, moderate; and 3, strong. Final 

scores were calculated as the sum of the percentage of positive cells and the 

intensity of the staining, and for statistical analysis, samples were categorized into 

two groups. Low expression was defined as a final score <4 points (negative and low 

expression) and high expression (moderate and strong) was defined as a final score 

≥4. CAF score was assessed as previously described by Kellermann et al. (2007)16. 

Tumors were classified as negative if 0% of the fibroblasts were α-SMA positive, 

scanty if 1% to 50% were α-SMA positive, and abundant if >50% of the stromal 

fibroblasts were α-SMA positive. For statistical analysis the scores negative and 

scanty were combined and compared to the abundant cases. 

 

Statistical analysis 

Associations between immunohistochemical expression of ROCK2 and 

clinicopathological parameters of the tumors were performed using cross-tabulation 

and chi-square test. Survival curves were constructed based on the Kaplan-Meier 

method and compared with the log-rank test. For multivariate survival analysis, the 

Cox proportional hazard model with a stepwise method was employed. The level of 

significance considered was 5% (p≤0.05). 

 

Results 

Out of 93 patients, 70 (75.2%) were men, and the age of the patients ranged 

from 32 to 86 years, with a median of 60 years. Most of the patients reported 

smoking habits (84.2%) and alcohol consumption (73.1%). Regarding clinical stage, 

37 (39.8%) patients were classified in early-stage (stages I and II) and 56 (60.2%) in 

advanced-stage (stages III and IV). The tongue was the most commonly affected site 

(58.7%) and other affected sites included the floor of mouth (29.3%), retromolar area 

(5.4%), palate (4.4%) and gingiva (2.2.%). Surgery as monotherapy was performed 

in 37 (40.2%) patients, whereas 47 (51.1%) were treated with a combination of 

surgery and postoperative radiotherapy and 8 (8.7%) received surgery and 
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postoperative radio-chemotherapy. Only 4 cases had surgical margins with less than 

5 mm. The WHO grading system classified 65 (69.9%) tumors as well differentiated, 

18 (19.3%) as moderately differentiated and 10 (10.8%) as poorly differentiated. 

During follow-up, 34 patients developed recurrence. The overall survival ranged from 

1 to 251 months, with a mean of 123 months. Fourth three patients died due to the 

tumor. The clinicopathological features of patients are depicted in Supplementary 

Table 1. 

Eleven (11.8%) cases were negative for ROCK2. The expression of ROCK2 

was  localized in both nucleus and cytoplasm of the tumor cells, showing variable 

distribution and intensity (Fig.1). Immunopositivity was also observed in some 

inflammatory  and  firoblast-like cells within the stroma (Supplementary Fig. 1). 

Regarding the cytoplasmatic ROCK2 immunoreactivity, 24 (25.8%) samples were 

classified as low expression and 69 (74.2%) as high expression. 

High expression of ROCK2 was significantly associated with male gender 

(p=0.006), drinking habit (p=0.01), high clinical stage (0.002) and abundant CAF 

density in the stroma (p=0.002) (Table 1). No significant differences were found 

between ROCK2 expression and smoking habit, tumor site, treatment, histological 

grade, margin status and recurrence (Table 1). We also determined whether the 

presence of CAF was associated with clinicopathological features of OSCC patients. 

As depicted on Supplementary Table 2, a high intensity of CAF was significantly 

associated with tumor site (p=0.03) and poorly differentiated tumors (p=0.001). A 

positive but moderate correlation between ROCK2 expression and CAF density was 

observed in the Spearman test (r=0.52, p=0.002). 

Univariate survival analysis based on log-rank test revealed a significant 

association of age, clinical stage of the tumor, CAF density and ROCK2 expression 

with DSS, and of age and CAF density with DFS (Table 2). Patients with high 

expression of ROCK2 had shorter DSS compared with patients with low ROCK2 

expression (Fig. 2). High ROCK2 expression was associated with a 5-year DSS of 

42.9% compared with 70.3% for patients with low ROCK2 immunoreactivity (p=0.04). 

Multivariate Cox proportional hazard regression model analysis was built to further 

evaluate the impact of ROCK2 expression on DSS and DFS (Table 3). In this 

analysis, ROCK2 did not withstand as an independent prognostic factor, but age and 

clinical stage remained as independent prognostic factor for DSS, whereas age and 

CAF density were pointed out as prognostic parameters of DFS in this cohort. 
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Discussion 

Alterations in the expression level of ROCK2 have been reported in several 

cancers, and the overexpression was an indicator of worse prognosis7,8,9,10,12. One 

early investigation showed that increased ROCK2 expression controls migration and 

invasion of OSCC cells in vitro13, but the prognostic value of ROCK2 has never been 

verified in oral cancers. We found in the current study that high ROCK2 expression is 

associated with the advanced clinical stage, which is well-known affecting tumor 

aggressiveness. Furthermore, high ROCK2 expression was an indicator of poor 

DSS, with those patients’ 5-year survival being 42.9% compared with 70.3% for 

patients with low ROCK2 expression. For DFS, the result was similar (56.6% for high 

ROCK2 vs. 64.9% for low ROCK2), but not statistically significant. 

ROCK2 belongs to the serine-threonine kinase AGC family and is a 

downstream intracellular messenger following small GTPase RhoA activity19. Since 

the description that ROCK2 controls cytoskeleton organization by regulating actin 

filaments20, many studies have investigated its roles in cancer, revealing the 

participation in a wide range of processes related to tumorigenesis in vitro such as 

proliferation, apoptosis, adhesion, migration, and invasion. In consonance, ROCK 

inhibition due to synthetic drugs/peptides or microRNAs, was found to suppress 

tumor growth and metastasis in vivo6,7,8. In a recent study, Vennin et al. (2017)21 

showed that priming with Fasudil, a specific ROCK inhibitor, disrupts the extracellular 

matrix scaffold, improving the treatment effectiveness in a mouse model of 

pancreatic cancer. Together, those results suggest that ROCK2 might be a 

molecular target for preventing cancer progression and metastasis. 

The increased ROCK2 expression has been reported in association with 

metastasis and shorter survival of cancer patients. For example, in pancreatic 

cancers, ROCK2 levels rose with increasing tumor stage (advanced tumors showed 

significantly higher levels than early stage and even normal pancreatic tissue) and 

the survival of patients with genomic amplification or significantly elevated mRNA 

was significantly shorter than in patients without ROCK2 alterations7. Based only on 

univariate Kaplan-Meier analysis, patients with colorectal cancers and high ROCK2 

expression had significantly shorter survival rates than patients whose tumors 

showed low ROCK2 expression8. Our results are in line with those previous ones 

regarding associations with advanced clinical stage of tumors and shortened 
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survival. Furthermore, the only published study evaluating ROCK2 in oral cancer 

demonstrated that in highly metastatic oral tongue SCC cells, enhanced expression 

of ROCK2, due to a reduction in miR-138 levels, increases the activity of Rho 

GTPase signaling cascade, which promotes cell migration and invasion13. Thus, little 

has been uncovered regarding the biological mechanisms related to ROCK2 in oral 

cancer, but our results preliminarily reveal an association with clinical outcome. 

Another interesting finding of the present study relies on the CAF analysis. 

We recently performed a systematic review and meta-analysis to verify the value of 

CAF in OSCC, and demonstrated that high presence of CAF is frequently associated 

with parameters that worsen the prognosis, including advanced disease stage, 

recurrence, tumor grade, depth of invasion, vascular, lymphatic and neural invasion 

and extranodal metastatic spread, and most important, high presence of CAF 

significantly predicted shortened time to disease-relapse and an overall decrease in 

survival22. The pro-tumorigenic effects of CAF are related to the vast repertoire of 

secreted molecules, which can directly influence the behavior of cancer cells, 

stimulating proliferation, invasion, and metastasis. Among the well-known molecules 

are stromal derived factor 1 (SDF-1/CXCL12)23, activin A and matrix 

metalloproteases17, some types of collagen and other extracellular matrix proteins 

such as fibronectin24, and ROCK214. Our findings in this study revealed ROCK2 

positivity in both tumor and stroma cells, and a significant association between 

ROCK2 expression by tumor cells and the density of CAF was observed. Rath and 

collaborators (2017)7 demonstrated that ROCK activation led to significant collagen 

degradation and remodeling associated with increased invasive growth, and the 

treatment of ROCK‐activated invasive cells with GM6001, a matrix metalloprotease 

inhibitor, blocks those processes. The association of ROCK2 and CAF suggests the 

organization of a more invasion-permissive microenvironment, facilitating tumor 

progression and metastasis. 

In this study, the expression of ROCK2 was significantly more common in 

males and drinkers. Interestingly, ROCK2 was identified as a downstream effector of 

androgen/androgen receptor pathway, affecting migration and invasion of pancreatic 

cancer cells through the transcription of miR-135a25, and inducing endothelial cell 

migration26. In addition, ROCK2 expression was significantly elevated in ethanol-

induced gastric ulcer in  mice27. Even though the association between those 
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predictors and ROCK2 expression is not widely addressed in the current literature, 

our results with OSCC clinical samples corroborate with those previous findings.  

Besides the predictable associations of  clinical stage with DSS and CAF 

density with DFS, we also found a significant association of age with both DSS and 

DFS at univariate and multivariate analysis. Those results are in line with previous 

studies that showed a worse survival in elderly patients with OSCC than in young 

patients3,28. An important feature in favor of a causal effect of advanced age on 

survival is that previous studies have reported frequent comorbidities in the 

cardiovascular, gastrointestinal and respiratory systems in elderly people, and 

demonstrated a significant impact on the prognosis of oral cancer patients29,30. Thus, 

those results suggest that age may affect the survival of oral cancer patients due to 

the comorbid illnesses. 

In closing, the expression of ROCK2 in OSCC is associated with advanced 

clinical stage of the tumor and poor survival, which indicates that ROCK2 may be 

involved in OSCC progression. Although ROCK2 may not be an independent 

prognostic factor, it should be further verified by prospective studies and more 

comprehensive follow-up. 
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Figure Legends 

 

Fig. 1 ROCK2 and α-SMA immunohistochemical staining in OSCC samples. 

Representative samples classified as negative (A) and positive (B) for ROCK2 

immunostaining. (C) High power view revealing that most tumor cells showed a 

cytoplasmatic positivity for ROCK2. Representative samples classified as (D) 

negative, (E) scanty, and (F) abundant for α-SMA immunostaining, indicating the 

absence of presence of CAF within the stroma. It should be highlighted that smooth 

muscle cells in the blood vessels walls can show positivity for α-SMA, as shown in 

Fig.D. (Original magnification: C x400; all the other images are x100;) 

Fig. 2 Kaplan-Meier curves representing the cumulative 5-year survival of the OSCC 

patients. Univariate analysis showed an association of advanced age with DSS (A, 

p=0.02) and DFS (B, p=0.003); CAF density with DSS (C, p=0.02) and DFS (D, 

p=0.03); advanced clinical stage with DSS (E, p=0.008); and high ROCK2 

expression with DSS (F, p=0.04).  

Supplementary Fig. 1 Representative images of the immunostaining against 

ROCK2 in OSCC. A lower magnification shows positivity for tumor and stroma cells 

(A, x100). In a closer view, is possible to visualize positive fibroblast-like cells 

surrounding the tumor (B, x400), and a chronic inflammatory infiltrate also positive 

for ROCK2 (C, x400). 
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Table 1. Association between the clinicopathological parameters of the oral squamous 

cell carcinomas and the immunohistochemical expression of ROCK2. 

Parameter ROCK2 p value 

 Low expression 

No. of patients (%) 

High expression 

No. of patients (%) 

 

Age    

<58 years 9 (37.5) 35 (50.7)  

≥58 years 15 (62.5) 34 (49.3) 0.26 

Gender    

Male 13 (54.2) 57 (82.6)  

Female 11 (45.8) 12 (17.4) 0.006 

Smoking habit    

No 3 (30) 6 (12.8)  

Yes 7 (70) 41 (87.2) 0.18 

Drinking habit    

No 5 (62.5) 9 (20.5)  

Yes 3 (37.5) 35 (79.5) 0.01 

Clinical stage    

I/II 16 (66.7) 21 (30.4)  

III/IV 8 (58.4) 48 (69.6) 0.002 

Tumor site    

Tongue 10 (41.6) 35 (50.7)  

Others 14 (58.4) 34 (49.3) 0.44 

Treatment    

Surgery 12 (52.2) 25 (36.2)  

Surgery + RTX 11 (47.8) 36 (52.2)  

Surgery + RTX + CTX 0 8 (11.6) 0.15 

Histological grade    

WD/MD 13 (54.2) 52 (75.4)  

PD 11 (45.8) 17 (24.6) 0.06 

Margin status    

> 5 mm 22 (91.7) 67 (97.1)  

< 5 mm 2 (8.3) 2 (2.9) 0.26 

Recurrence    

No 16 (66.7) 43 (62.3)  

Yes 8 (33.3) 26 (37.7) 0.70 

CAF density    

Negative/Scanty 15 (62.5) 19 (27.5)  

Abundant 9 (37.5) 50 (72.5) 0.002 

RTX: radiotherapy, CTX: chemotherapy, WD: well-differentiated; MD: moderately-

differentiated; PD: poorly-differentiated; CAF: carcinoma-associated fibroblasts. 
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Table 2. Univariate analysis for disease-specific survival and disease-free survival of 

the oral squamous cell carcinoma patients. 

 Disease-Specific Survival Disease-Free Survival 

Parameter % in 5 

years 

HR (95% CI) / p 

value 

% in 5 

years 

HR (95% CI) / p 

value 

Age     

<58 years 56.9 Reference 71.6 Reference 

≥58 years 37.4 2.03 (1.11-3.71) / 

0.02 

44.9 2.84 (1.47-5.47) / 

0.003 

Gender     

Male 46.8 Reference 61.4 Reference 

Female 58.5 0.60 (0.30-1.21) / 

0.21 

54.3 1.27 (0.58-2.76) / 

0.50 

Smoking habit     

No 59.3 Reference 65.2 Reference 

Yes 43.6 1.35 (0.46-3.93) / 

0.52 

43.8 1.63 (0.76-15.22) / 

0.09 

Drinking habit     

No 56.3 Reference 67.1 Reference 

Yes 36.9 2.00 (0.90-4.45) / 

0.14 

59.7 1.01 (0.36-2.82) / 

0.98 

Clinical stage     

I/II 61.3 Reference 62.0 Reference 

III/IV 37.4 2.25 (1.23-4.10) / 

0.008 

58.9 1.05 (0.54-2.02) / 

0.88 

Tumor site     

Tongue 55.7 Reference 56.5 Reference 

Others 42.8 1.45 (0.79-2.65) / 

0.21 

62.9 0.75 (0.39-1.45) / 

0.41 

Treatment     

Surgery 61.7 Reference 61.2 Reference 

Surgery + RTX 44.5 1.62 (0.86-3.04) / 

0.13 

55.8 1.03 (0.51-2.05) / 

0.93 

Surgery + RTX + CTX 50.0 1.23 (0.38-4.27) / 

0.64 

62.5 0.83 (0.25-2.66) / 

0.75 

Histological grade     

WD/MD 43.8 Reference 57.5 Reference 

PD 67.3 0.56 (0.29-1.09) / 

0.13 

63.4 0.93 (0.45-1.91) / 

0.84 

Margin status     

> 5 mm 49.1 Reference 58.8 Reference 

< 5 mm 50.0 0.83 (0.17-3.89) / 

0.79 

66.7 0.63 (0.13-3.19) / 

0.65 

Country     

Finland 72.0 Reference 57.0 Reference 

Brazil 57.7 2.00 (1.03-3.90) / 

0.08 

60.0 0.78 (0.37-1.61) / 

0.47 
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CAF density     

Negative/Scanty  64.4 Reference 70.4 Reference 

Abundant 41.5 2.14 (1.16-3.94) / 

0.02 

51.6 1.85 (1.19-3.09) / 

0.03 

ROCK2     

Low 70.3 Reference 64.9 Reference 

High 42.9 2.22 (1.15-4.38) / 

0.04 

56.6 1.27 (0.71-2.25) / 

0.35 

RTX: radiotherapy, CTX: chemotherapy, WD: well-differentiated; MD: moderately-

differentiated; PD: poorly-differentiated; CAF: carcinoma-associated fibroblasts. 

 

 

 

 

Table 3. Cox multivariate analysis for the risk of death. 

Parameter Disease-Specific Survival Disease-Free Survival 

 HR (95% CI) p value HR (95% CI) p value 

Age     

<58 years Reference  Reference  

≥58 years 2.44 (1.30-4.56) 0.005 2.98 (1.46-6.08) 0.003 

Clinical stage     

I/II Reference    

III/IV 2.49 (1.32-4.70) 0.004   

CAF density     

Negative/Scanty   Reference  

Abundant   2.08 (1.27-7.43) 0.01 

CAF: carcinoma-associated fibroblasts. 
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