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ABSTRACT As an antagonist of bone morphogenetic proteins (BMPs) 2, 4 

and 7, gremlin1 plays a role in regulating organogenesis, tissue 

differentiation and angiogenesis. However, there is little information 

regarding gremlin1 in gastrointestinal cancer. We attempted to clarify how 

gremlin1 expression affects the clinical features and biological properties of 

gastric cancer. 

A total of 232 gastric cancer patients who received R0 gastrectomy at 

Kagoshima University Hospital were enrolled. Gremlin1 expression in gastric 

cancer was detected by immunohistochemical and western blotting methods. 

Correlations between clinicopathological parameters and gremlin1 expression 

were analyzed. Gremlin1 was identified in the cytoplasm and nucleus of all 

gastric cancer cell lines and some regions of surgical specimens of gastric 

cancer. One hundred and seventeen of the 232 patients (50.4%) were classified 

as gremlin1-positive based on gremlin 1 expression. Gremlin1 positivity was 

correlated with shallower tumor depth, smaller tumor size, less nodal 

involvement and vessel invasion (p<0.05). The 5-year survival rate of the 

gremlin1-positive group was 81%, which was significantly higher than the 

gremlin1-negative group (p<0.01). Multivariate analysis revealed that 

gremlin1 was not selected as an independent prognostic marker.  Gremlin1 

expression in gastric cancer may be a useful prognostic marker that is 
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involved with the BMP signaling pathway. Furthermore, gremlin1 may have 

clinical use as a diagnostic and treatment tool.  

 

Introduction 

Gastric cancer is the second most common cancer-related cause of death 

worldwide. East Asian countries, including Japan, are among the most 

high-risk areas for gastric cancer [1]. Following the development of endoscopic 

instruments and diagnostic skills, the detection rate of early gastric cancer 

has increased, and patients are treated with less invasive surgical procedures, 

such as endoscopic resection or laparoscopic gastrectomy [2]. We now have 

promising clinical results for gastric cancer in Japan. For patients with 

gastric cancer who undergo curative resection, postoperative relapse often 

occurs. Thus, the postoperative outcome of advanced gastric cancer remains 

poor [3]. The TNM classification consists of tumor depth, nodal and distant 

metastasis with distant metastasis as the strongest prognostic marker [4]. 

The classification also includes peritumoral lymphatic and venous invasions, 

which are linked to aggressive tumor behavior in gastric cancer [5,6]. 

Additional biomolecular prognostic markers are currently being investigated 

by several clinical researchers. Molecules regulating cell adhesion [7-9], cell 

cycle and the signaling pathway of tumor proliferation [10,11] are 
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representative prognostic markers for gastric cancer. 

We indicated that bone morphogenetic proteins-7 (BMP7) is one of the 

independent prognostic markers in gastric cancer [11]. Based on this result, 

we attempted to highlight the role of gremlin1. Hsu was the first to report 

that gremlin1 was an antagonist of bone morphogenetic proteins (BMPs) [12]. 

Gremlin1 is thought to prevent ligands from interacting with their receptors, 

which results in the inhibition of transforming growth factor-beta signaling. 

As an antagonist of BMP proteins, gremlin plays a role in regulating 

organogenesis, body patterning and tissue differentiation [13,14]. Gremlin1 

works to bind vascular endothelial growth factor receptor-2 (VEGFR2) and 

modulates tumor angiogenesis and possibly putative angiogenesis-modulating 

gene [15]. Expression of gremlin1 is observed in multiple normal adult and 

tumor tissues, such as the skin, stomach, lung, kidney, and testis [16]. Recent 

studies have indicated that gremlin1 was correlated with the biological 

behavior of some cancer types [17]. However, there have been no reports 

regarding how gremlin1 expression affects the biological characteristics of 

gastric cancer. In this study, we investigated gremlin1 expression in gastric 

cancer and discuss its the clinical implications. 

 

MATERIALS AND METHODS 
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A total of 232 patients with gastric adenocarcinomas which had invaded 

deeper than the submucosal layer were enrolled in this study. The patients 

consisted of 160 males and 72 females, and the mean age was 66 years (from 

31 to 85 years). All patients received curative gastrectomy with lymph node 

dissection at Kagoshima University Hospital between 1996 and 2013. None of 

the patients had preoperative chemotherapy. The number of patients at the 

final pathological stage of I, II, III, and IV were 69, 45, 63, and 55, respectively. 

One hundred and eighteen patients were classified as having differentiated 

adenocarcinoma (papillary, well-differentiated and moderately differentiated 

tubular adenocarcinoma) and 114 as undifferentiated adenocarcinoma (poorly 

differentiated adenocarcinoma, mucinous adenocarcinoma and signet-ring cell 

carcinoma). The study was approved by the Institutional Review Board of 

Kagoshima University School of Medicine. Written informed consent was 

obtained from all patients, and the study was approved by our institutional 

ethics committee. This investigation conformed to the principles outlined in 

the Declaration of Helsinki. Clinicopathological factors were assessed by the 

Japanese Classification of Gastric Carcinoma [18]. 

 

Immunohistochemistry for surgical specimens  

 Paraffin-embedded sections of tumor nests obtained through surgery were 
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sliced at a thickness of 4 μm to facilitate immunohistochemical analysis. After 

deparaffinization and dehydration, the sections were heated at 121°C for 10 

minutes for antigen retrieval. Sections were soaked in PBS prior to 

immunohistochemical analysis. The sections were also soaked in 0.3% H₂O₂ 

for 30 minutes in order to block endogenous tissue peroxidase, which was 

followed by treatment with bovine serum for 30 minutes to reduce nonspecific 

binding. The gremlin1 antibody (rabbit polyclonal; PAB14845; Abnova) was 

diluted to 1:200 and left overnight at 4°C. Sections were rinsed in PBS and 

visualized by standard techniques for labeled avidin-biotin immunoperoxidase 

staining. Gremlin1 was subsequently visualized using a DAB Substrate Kit. 

The slides were briefly counterstained with hematoxylin and mounted 

aqueously. Well-differentiated adenocarcinoma of the colon was used as a 

positive control for gremlin1 expression. Gremlin1 expression from five 

gastric cancer cell lines was also examined immunohistochemically in the 

same manner without deparaffinization. 

 

Gremlin1 detection in gastric cancer cell lines by western blot analysis 

Protein detection of gremlin1 in gastric cancer cell lines was facilitated by 

western blot analysis. Gastric carcinoma cell lines MKN7, MHK45, MKN75, 

KATO-III, and NUGC4 were purchased from the Japanese Physical and 
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Chemical Institute, Tokyo, Japan. They were maintained in RPMI 1640 that 

was supplemented with 10% fetal bovine serum (FBS), 100 units/ml penicillin, 

and 100 µg/ml streptomycin at 37°C in a cell incubator. Cells were harvested 

by centrifugation, rinsed with phosphate buffered saline (PBS), and subjected 

to total protein extraction using an immunoprecipitation assay lysis buffer. 

Proteins were extracted from the cell lines for detection of gremlin1 by the 

western blot analysis. Equal number of cells was separated using 

SDS-polyacrylamide gel, then transferred to Hybond membrane, and 

subsequently blocked overnight in 5% skimmed milk in TBS. For 

immunoblotting, the membrane was incubated overnight with rabbit antibody 

against gremlin1 (1:2000). It was then rinsed by TBST and incubated with 

anti-rabbit IgG conjugated to horseradish peroxidase for 15 minutes. Bands 

were visualized with X-ray film (Fuji, Japan) by ECL-Plus detection reagents. 

The membrane was subsequently washed with WB Stripping Solution 

(Nakarai, Tokyo, Japan) for 15 minutes and treated as described above except 

with anti-β-actin antibody (sc-47778, Santa Cruz, 1:4000) as the internal 

control. 

 

Evaluation of gremlin1 expression in gastric cancer 

 Gremlin1 expression was identified in the cytoplasm and nucleus of gastric 
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cancer cells as well as stromal cells (Figure 1). The quantification of gremlin1- 

positive cells was evaluated with high power fields (HPFs). Briefly, gremlin1 

positivity was calculated in 10 representative HPFs (×400) in each tumor nest 

and at the invasive front of the tumor. All immunostained slides were 

evaluated by two independent observers (YY and SI), who were unaware of 

the clinical data and disease outcome. The gremlin1 expressions in gastric 

cancer were classified into four different staining categories: negative, weak, 

moderate, and strong, according to a previous study [17]. We defined patients 

with negative and weak staining as the gremlin1-negative group and 

moderate and strong staining as the gremlin1-positive group. The correlation 

between clinicopathological factors and gremlin1 positivity was analyzed, 

which also included the patients’ survival rate. 

 

Statistical Analysis 

 Statistical analysis between two groups was performed using the χ2-test. 

The Kaplan-Meier method was used for survival analysis, and the significant 

difference was evaluated by the log-rank test. Multivariate analysis was 

performed by the Cox proportional hazard model. P<0.05 was considered 

statistically significant. 
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RESULTS 

Gremlin1 expression in gastric cancer tissues 

 Immunohistochemical gremlin1 expression was identified in the cytoplasm 

and nucleus in both the gastric cancer cell lines and surgical specimens 

(Figure 1). We also identified the partial gremlin 1 expression in adjacent 

normal gastric tissue by the immumohistochemical analysis. 

Immunohistochemical staining revealed gremlin1 positivity in both the 

nucleus and cytoplasm for all five cell lines. Based on the 

immunohistochemical evaluation described previously, 117 of 232 patients 

(50.4%) were classified as gremlin1 positive and the remaining 115 (49.6%) as 

gremlin1 negative. 

 

Gremlin1 protein expression in gastric carcinoma cell lines by western 

blotting analysis 

All five cell lines had positive gremlin1 protein expression by western blotting 

analysis (Figure 2).  Densitometric analysis revealed that the amount of 

gremlin1 protein was not correlated with tumor histology and metastatic 

ability (data not shown).  

 

Clinicopathological features of gastric cancer patients according to gremlin1 
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Gremlin1 expression negatively correlated with clinicopathological variables. 

Specifically, the gremlin1-negative group had significantly increased depth of 

tumor invasion, lymph node metastases, and lymphatic and venous invasions 

than the gremlin1-positive group (p<0.01). Moreover, the gremlin1-negative 

group had significantly more differentiated histology (p<0.05) (Table 1). There 

was no significant difference between gremlin1 expression and other clinical 

parameters. 

 

Prognostic impact of gremlin1 expression in gastric cancer 

The gremlin1-positive group had better postoperative outcomes than the 

gremlin1-negative group (p<0.01) (Figure 3). The univariate analysis also 

revealed that postoperative survival was significantly affected by tumor 

histology, tumor depth, tumor size, lymph node metastasis, and lymphatic and 

venous invasion (p<0.01). The multivariate analysis showed that the depth of 

invasion, lymph node metastasis and tumor histology were independent 

prognostic markers; however, gremlin1 was not included (Table 2). 

 

Discussion 

In this study, we found gremlin1 positivity in the peritumoral gastric tissue by 

immunohistochemical analysis. Laurila reported that gremlin1 was also 
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identified in the normal gastric gland [19]. Moreover, gremlin1 expression has 

been identified in not only normal tissue but in neoplastic cells, such as 

glioblastomas, hepatocellular carcinomas and diffuse large B-cell lymphomas 

[19]. Using immunohistochemistry, we identified gremlin1 expression in the 

cellular membranes and nuclei. The distribution pattern of gremlin1 in 

gastric cancer was similar to normal gastric epithelial cells; this may suggest 

an involvement with the normal function of the stomach. Their elevated 

expression in gastric cancer cells indicates the potential significance of the 

BMP- gremlin1 signaling. Gremlin1 may be involved in the carcinogenesis of 

gastric cancer, which is similar to the organogenesis of normal gastric 

epithelium.  

Gremlin1 expression was negatively associated with aggressive parameters, 

such as tumor diameter, depth of tumor invasion, lymph node metastasis, and 

vascular invasion. Vlodrop et al. showed that gremlin1 silencing in renal cell 

carcinoma led to aggressive tumor behavior [13], which is in agreement with 

our results. They investigated gremlin1 silencing by region iii methylation 

using RT-PCR and subsequently showed that the methylation of gremlin1 was 

associated with increased tumor size, stage, histological grade and decreased 

mean vessel density. Gremlin1 expression in gastric cancer cells may also act 

to inhibit proliferation and invasion of cancer cells through the BMP signaling 
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pathway. In this study, we could not find evidence of CpG island methylation 

for gremlin1. Some gremlin1-positive patients may have had gremlin1 

silencing. For future studies, analysis of gremlin1 m-RNA and methylation 

status should be performed to determine the clinical features of 

gremlin1-positive gastric cancer. Yui showed clinical features of positive 

gremlin1 expression in non-small cell lung cancer by quantitative real-time 

PCR and western blot [20], which was contradictory to our results. This may 

be due to organ specificity or difference in methodology.   

As an antagonist of BMPs, gremlin1 has a role in regulating the development 

of the lung, limb, kidney and other normal organs [21,22]. Langenfeld showed 

that BMP2 and BMP4 exert angiogenic activity, which may increase with the 

inactivation of the BMP-antagonist gremlin1 [23]. Recently, reports have 

indicated that gremlin1 has a BMP-independent role which is related to 

angiogenesis and tumorigenesis [24,25].  

In this report, we showed that gastric cancer with severe vascular invasion in 

the peritumoral area was significantly correlated with gremlin1-negative 

cancer. Furthermore, we showed that gremlin1 negativity contributed to poor 

clinical outcomes in gastric cancer. Two reports [13] showed the prognostic 

significance of gremlin1 expression by multivariate analysis. In this study, 

gremlin1 was not found to be an independent prognostic marker by 
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multivariate analysis, which may have been due to the strong association of 

tumor depth of invasion and lymph node metastasis. Previously, we showed 

that the gremlin1 antagonist BMP7 in gastric cancer was one of the 

independent factors for poor prognosis [11]. Our data suggests that the 

prognostic impact of gremlin1 may alter the expression of BMP7 expression in 

consideration of the antagonist of gremlin 1. More attention should be given to 

the synergistic effect of BMP7 expression with gremlin 1-positive gastric 

cancer.  

Karagiannis et al. demonstrated that CpG island methylation of gremlin1 can 

be detected in urine or serum samples, which can be used as a possible 

noninvasive marker [26]. Furthermore, serum gremlin levels can be used to 

indicate the biological behavior of tumors in gastric cancer. Biopsy specimens 

obtained from endoscopy may also inform the agonist and antagonist relation 

status between gremlin1 and BMP. In addition, Namkoong et al. showed the 

therapeutic value of the YWHAH protein which binds gremlin1 of gremlin 

1-positive carcinomas of the uterine cervix, lung, ovary, kidney, breast, colon, 

and pancreas [27]. Gremlin1 may play an oncogenic role for these carcinomas. 

As of yet, we do not have a therapeutic strategy for gremlin1-positive gastric 

cancer patients based on our clinical data.  

In conclusion, gremlin1 expression in gastric cancer directly reflects the 



 

                                              
Yamasaki 

biological behavior of the tumors. Gremlin1 expression may antagonize BMP7 

signaling, and a combination of gremlin1 and BMP7 may contribute to a 

stronger prognostic marker in gastric cancer. Based on these results, gremlin1 

may be used as a diagnostic or treatment tool for gastric cancer in the future. 

References 

1. Kamangar F, Dores GM, Anderson WF. Patterns of cancer incidence, 

mortality, and prevalence across five continents: defining priorities to reduce 

cancer disparities in different geographic regions of the world. J Clin Oncol. 

2006; 24:2137-50. 

2. Chan BA, Jang RW, Wong RK, Swallow CJ, Darling GE, Elimova E. 

 Improving Outcomes in Resectable Gastric Cancer: A Review of Current and 

Future Strategies. Oncology (Williston Park). 2016; 30:635-45. 

3. Brenner H, Rothenbacher D, Arndt V. Epidemiology of stomach cancer. 

Methods Mol Biol. 2009; 472: 467-7. 

4. Yamashita K, Hosoda K, Ema A, Watanabe M. Lymph node ratio as a novel 

and simple prognostic factor in advanced gastric cancer. Eur J Surg Oncol. 

S0748-7983(16)00379-6,2016 

5. Zhou Y, Yu F, Wu L, Ye F, et al. Survival after Gastrectomy in 

Node-Negative Gastric Cancer: A Review and Meta-Analysis of Prognostic 

Factors. Med Sci Monit. 21: 1911-9, 2015  



 

                                              
Yamasaki 

6. Deng J, You Q, Gao Y, Yu Q, Zhao P, Zheng Y, Fang W, Xu N, Teng L. 

Prognostic value of perineural invasion in gastric cancer: a systematic review 

and meta-analysis. PLoS One. 2014; 9: e88907. 

7. Kamikihara T, Ishigami S, Arigami T, Matsumoto M, Okumura H, 

Uchikado Y, Kita Y, Kurahara H, Kijima Y, Ueno S, Natsugoe S. Clinical 

implications of N-cadherin expression in gastric cancer. Pathol Int. 2012; 

62:161-6.  

8. Tamura G. Alterations of tumor suppressor and tumor-related genes in the 

development and progression of gastric cancer. World J Gastroenterol. 2006; 

12:192-8. 

9. Uchikado Y, Okumura H, Ishigami S, Setoyama T, Matsumoto M, Owaki T, Kita Y, 

Natsugoe S. Increased Slug and decreased E-cadherin expression is related to poor 

prognosis in patients with gastric cancer. Gastric Cancer. 2011; 14:41-9. 

10. Chiurillo MA. Role of the Wnt/β-catenin pathway in gastric cancer: An 

in-depth literature review. World J Exp Med. 2015; 5:84-102.  

11. Aoki M, Ishigami S, Uenosono Y, Arigami T, Uchikado Y, Kita Y, 

Kurahara H, Matsumoto M, Ueno S, Natsugoe S. Expression of BMP-7 in 

human gastric cancer and its clinical significance. Br J Cancer. 2011; 

104:714-8.  

12. Hsu DR, Economides AN, Wang X, Eimon PM, Harland RM. The Xenopus 



 

                                              
Yamasaki 

dorsalizing factor Gremlin identifies a novel family of secreted proteins that 

antagonize BMP activities. Mol Cell. 1998; 1: 673-83. 

13. van Vlodrop IJ, Baldewijns MM, Smits KM, Schouten LJ, van Neste L, van 

Criekinge W, van Poppel H, Lerut E, Schuebel KE, Ahuja N, Herman JG, de 

Bruïne AP, van Engeland M. Prognostic significance of Gremlin1 (GREM1) 

promoter CpG island hypermethylation in clear cell renal cell carcinoma. Am 

J Pathol. 2010; 176: 575-84.  

14. Khokha MK, Hsu D, Brunet LJ, Dionne MS, Harland RM. Gremlin is the 

BMP antagonist required for maintenance of Shh and Fgf signals during limb 

patterning. Nat Genet. 2003; 34: 303-7.  

15. Mitola S, Ravelli C, Moroni E, Salvi V, Leali D, Ballmer-Hofer K, 

Zammataro L, Presta M. Gremlin is a novel agonist of the major 

proangiogenic receptor VEGFR2. Blood. 2010; 116:3677-80.  

16. Laurila R, Parkkila S, Isola J, Kallioniemi A, Alarmo EL. The expression 

patterns of gremlin 1 and noggin in normal adult and tumor tissues. Int J Clin 

Exp Pathol. 2013; 6:1400-8. 

17. Mulvihill MS, Kwon YW, Lee S, Fang LT, Choi H, Ray R, et al. Gremlin is 

overexpressed in lung adenocarcinoma and increases cell growth and 

proliferation in normal lung cells. PLoS One. 2012; 7: e42264.  

18. Japanese Gastric Cancer Association. Japanese Classification of Gastric 



 

                                              
Yamasaki 

Carcinoma –2nd English Edition-. Gastric Cancer. 1998; 1:10-24.  

19. Laurila R, Parkkila S, Isola J, Kallioniemi A, Alarmo EL. The expression 

patterns of gremlin 1 and noggin in normal adult and tumor tissues. 

Int J Clin Exp Pathol. 2013;6:1400-8.  

20. Yin Y, Yang Y, Yang L, Yang Y, Li C, Liu X, Qu Y. Overexpression of Gremlin 

promotes non-small cell lung cancer progression. Tumour Biol. 2016; 37:2597-602.   

21.  Shi W, Zhao J, Anderson KD, Warburton D. Gremlin negatively 

modulates BMP-4 induction of embryonic mouse lung branching 

morphogenesis. Am J Physiol Lung Cell Mol Physiol. 280 2001; 5; L1030-9.  

22. Sun J, Zhuang FF, Mullersman JE, Chen H, Robertson EJ, Warburton D, 

Liu YH, Shi W. BMP4 activation and secretion are negatively regulated by an 

intracellular gremlin-BMP4 interaction. J Biol Chem. 2006; 281: 29349-56.   

23. Langenfeld EM, Langenfeld J. Bone morphogenetic protein-2 stimulates 

angiogenesis in developing tumors. Mol Cancer Res. 2004; 2:141-9.  

24. Rothhammer T, Bataille F, Spruss T, Eissner G, Bosserhoff AK. 

Functional implication of BMP4 expression on angiogenesis in malignant 

melanoma. Oncogene. 2007; 26:4158-70.   

25. Raida M, Clement JH, Leek RD, Ameri K, Bicknell R, Niederwieser D, 

Harris AL. Bone morphogenetic protein 2 (BMP-2) and induction of tumor 

angiogenesis. J Cancer Res Clin Oncol. 2005; 131:741-50.  



 

                                              
Yamasaki 

26. Karagiannis GS, Musrap N, Saraon P, Treacy A, Schaeffer DF, Kirsch R, 

Riddell RH, Diamandis EP. Bone morphogenetic protein antagonist gremlin-1 

regulates colon cancer progression. Biol Chem. 2015; 396:163-83.  

27. Namkoong H, Shin SM, Kim HK, Ha SA, Cho GW, Hur SY, Kim TE, Kim 

JW. The bone morphogenetic protein antagonist gremlin 1 is overexpressed in 

human cancers and interacts with YWHAH protein. BMC Cancer. 2006; 18: 

74.  

 

 

Figure Legends  

Figure 1. Gremlin1 expression in gastric cancer 

Right: Gremlin1 expression was found in neither the cytoplasm nor nucleus 

in gastric cancer cells. We estimated as gremlin1 negative patients (×400).  

Left: Immunohistochemically gremlin1 expression was identified in the 

cytoplasm and nucleus in gastric cancer cells. We estimated as gremlin1 

positive patients. 

Figure 2. Gremlin1 detection in the five gastric cancer cell lines by Western 

blotting analysis 

  Gremlin1 protein was detected in the five gastric cancer cell lines by 

Western blotting analysis in various degree (1: MKN 7. 2: MKN45. 3: MKN74. 
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4: KATOIII. 5：NUGC4).  

Figure 3. Survival curves of 232 gastric cancer patients according to Gremlin1 

expression.  

  The patients with gremlin1 positive group showed significantly better 

postoperative outcome than those with gremlin1 negative group by univariate 

analysis (p<0.01) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



                                                                         Expression of Gremlin1         
Clinical factors                      Positive               Negative       p value 
                                                                n=117              n=115 
 
Age <65  44 40  0.656 
 ≧65  73 75 
 
Gender                    Male  78 82  0.447 
                           Female  39 33 
 
Tumor size <50mm  55 34   < 0.01  
 ≧50mm  62 81 
 
pT                  T1 (sm)/T2 (mp)                             55 24   < 0.01  
                                     T3 (ss)/T4 (se)                            62 91 
 
pN  yes            53          86   < 0.01  
                             no              64          29  
 
Ly    yes                           78            98   < 0.01  
                            no            39 17 
 
V       yes            51              81  < 0.01  
                             no             66 34 
 
Histology                    differentiated       50 68  < 0.05  
                                undifferentiated                          67 47 

 Table 1 Association between Gremlin1 expression and clinical factors 



                                                                                                                           95% 

Clinical               Univariate             Multivariate             Hazard             Confidence 

 factors                                                                                  ratio                 interval 

 

Age      0.554                  0.799             －            － 

 

Gender      0.953                    0.594             －            － 

 

Histology                   <0.01                 ＜0.05             1.993                 1.110-3.580 

 

pT    <0.01   ＜0.05          4.584    1.315-15.977 

 

Tumor size   <0.01        0.284            －            － 

 

pN    <0.01                 ≦0.01             3.680        1.370-9.885 

 

Lymphatic 

Invasion                   <0.01                    0.395             －             － 

 

Venous 

Invasion                   <0.01   0.136 

 

Gremlin-1   <0.01   0.076             －             － 

 Table 2 Univariate and multivariate analysis of survival with clinical factors  

              including Gremlin1 expression  
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