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ABSTRACT 

Clinical application of potential biomarkers for renal cell carcinoma 

 

Kwang Hyun Kim 

 

Department of Medicine 

The Graduate School, Yonsei University 

 

(Directed by Professor Woong Kyu Han) 

 

Objectives: Most cases of renal cell carcinoma (RCC) are detected incidentally 

and patients with advanced RCC have unfavorable oncologic and renal function 

outcomes. Development of a clinically useful RCC biomarker is therefore 

needed. We aimed to determine the suitability of serum prolyl hydroxylase-3 

(PHD3) and endocan (ESM-1) as a diagnostic or monitoring biomarker for 

RCC.  

Methods: Between October 2013 and March 2015, we prospectively recruited 

participants. The RCC group consisted of 56 patients who underwent radical or 

partial nephrectomy. The control group included 56 healthy kidney donors and 

13 patients with benign renal masses. Blood was sampled prior to surgery, and 

at 1 and 3 months postoperatively in RCC patients. Serum PHD3 and ESM-1 

levels were measured via enzyme-linked immunosorbent assay and compared 

between RCC patients and controls. Preoperative and postoperative serum 

PHD3 and ESM-1 levels were also compared. Area under the curve (AUC) was 



2 

 

determined using receiver operating characteristic analysis.  

Results: RCC patients had higher serum PHD3 and ESM-1 levels than controls 

(PHD3; 0.79±0.17 ng/ml vs. 0.73±0.09 ng/ml, p=0.023) (ESM-1; 0.59±0.07 

ng/ml vs. 0.53±0.09 ng/ml, p<0.001). AUCs for PHD3 and ESM-1 were 0.668 

and 0.684, respectively. In subgroup analyses of RCC patients with tumor size 

>2 cm (n=40), the AUCs for PHD3 and ESM-1 were 0.709 and 0.730, 

respectively. In patients with RCC, both serum PHD3 and ESM-1 significantly 

decreased after surgery at postoperative 1 month (PHD3; p=0.050, ESM-1; 

p=0.047). 

Conclusions: Serum PHD3 and ESM-1 could be a novel RCC biomarker that 

provides acceptable diagnostic performance. Both serum markers might also be 

useful for monitoring RCC after surgery. 

 

Key words: renal cell carcinoma; biomarker; early diagnosis 
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I. INTRODUCTION 

 

Renal cell carcinoma (RCC) is the most common solid tumor within the 

kidney. RCC accounts for approximately 90% of the malignancies in kidney 

and comprises 2-3% of all malignancies, with a median age of 65 years.1 While 

patients with RCC are usually asymptomatic during early in its evolution, 

patients present with signs or symptoms in advanced stage. Prognosis for 

patients with metastatic RCCs is quite poor, with a 5-year survival rate of less 

than 10%. Still, one third of patients with RCC are initially diagnosed with 

locally invasive or metastatic disease.2 Thus, early diagnosis by means of more 

sensitive screening techniques, such as the use of biomarkers, is of critical 

importance. Noninvasive biomarkers would clearly have a profound clinical 

impact. Although several markers were identified, those were insufficient for 

clinical application.3 Currently, no clinically relevant biomarker is 

available in RCC. 
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Hypoxia-inducible factor (HIF) is a key regulator of pathogenesis in RCC. HIF 

regulates at least 500–1000 genes involved in angiogenesis, glucose metabolism, 

stimulation of growth factors, and cell cycle control.4,5 Although the stability of 

HIF in most RCC cells is enhanced due to inactivation of the von 

Hippel-Lindau (VHL) gene, HIF is rapidly degraded in normal cells via 

proteasomal degradation.6 Prolyl hydroxylase (PHD) plays a role in the HIF 

degradation process via oxygen-dependent hydroxylation.7 PHD family 

enzymes (PHD1-3) share a conserved C-terminal hydroxylase domain, but each 

PHD isoform differs in function and tissue-specific expression pattern.8,9 PHD3 

reportedly plays a role in several types of cancer.10,11 Specifically, previous 

studies revealed that PHD3 is overexpressed in RCC, suggesting that PHD3 

could serve as a biomarker for this disease.12-14  

Endocan, or endothelial cell-specific molecule-1 (ESM-1), is a soluble 50-kDa 

dermatan sulfate proteoglycan expressed by the vascular endothelium 15. ESM-1 

is overexpressed in obesity, during sepsis, and under inflammatory conditions, 

as well as in malignant tumors 16, and is associated with cardiovascular disease 

17,18. In RCC tumors, which are typically hypervascular, ESM-1 is upregulated 

by angiogenic factors, such as vascular endothelial growth factor (VEGF) and 

platelet-derived growth factor 19. Transcriptional profile of RCC found that 

ESM-1 was overexpressed in tissue samples of RCC 14. The results from a study 

of a small number of patients by Leroy et al. 20 suggested that serum ESM-1 

levels might serve as biomarkers in RCC. 
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In this study, we prospectively enrolled patients with and without RCC 

and measured serum levels of PHD3 and ESM-1 before and after surgery. 

We aimed to evaluate their potential for diagnosing and monitoring RCC. 

 

II. MATERIALS AND METHODS 

 1. Study participants 

Between October 2013 and March 2015, we prospectively recruited 

participants, after obtaining approval from the Institutional Review Board of 

Severance Hospital (IRB No. 4-2013-0166). Informed consent was obtained 

from all participants before study enrollment. All study protocol was carried out 

in accordance with the Declaration of Helsinki Guidelines. The RCC group 

consisted of 56 patients who underwent radical or partial nephrectomy for RCC 

during the study period. The control group included 56 healthy kidney donors 

and 13 patients with benign renal masses. All RCC and benign renal neoplasm 

diagnoses were pathologically confirmed by surgical resection. Benign renal 

neoplasms included five angiomyolipomas, four oncocytomas, three adenomas, 

and one case of pyelonephritis.  

 2. Preparation of blood samples 

Blood was sampled from RCC patients and controls preoperatively on the day 

of surgery. To investigate serial changes in PHD3 levels, blood was also 

sampled 1 and 3 months postoperatively in the RCC group. Blood samples were 
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centrifuged for 15 min at 1000 g within 30 min of collection, and the serum was 

divided into aliquots and stored at –80°C. 

 3. Assessment of PHD3 and ESM-1 levels 

  A. ELISA for PHD3 

For all serum samples, the level of PHD3 was determined using an ELISA. 

Anti-PHD3 antibody was purchased from AbFrontier (mouse monoclonal 28A1, 

Seoul, Korea). Serum was diluted 2-fold before analysis. Recombinant PHD3 

protein and diluted serum were coated onto the surface of 96-well ELISA plates 

overnight at 4°C with 0.1 M sodium bicarbonate buffer (pH 9.6). The coated 

plates were blocked with 5% skim milk in tris-buffered saline for 1 h at 37°C. 

After washing with TBS, the plates were incubated with primary antibody 

(diluted 1:500 in blocking solution) for 2 h, then washed and incubated with 

secondary antibody (diluted 1:3000 in blocking solution) for 1 hour. After a 

final washing step, 50 μl of tetramethylbenzidine substrate was added, and the 

reaction was stopped by addition of 1 N H2SO4. Absorbance was determined at 

495 nm using a spectrophotometer. All assays were performed in duplicate. 

  B. ELISA for ESM-1 

The level of ESM-1 was quantified using commercially available ELISA kit 

(Lunginnov s.a.s., Lille, France). Serum was diluted 2-fold before analysis. 

Experiments were performed according to manufacturer’s instruction. 

Microwell plates were coated with 100 μL of capture antibody (2 μg/mL) and 
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incubated overnight at 4°C. The coated plates were blocked with 5% skim milk 

in TBS for 1 hour at 37°C. After a washing step with PBS, the plated were 

incubated with 100 μL of serum specimen for 1 hour, then washed and 

incubated with 100 μL of secondary antibody (diluted 1:10,000) for 1 hour at 

room temperature. After washing, 100 μL of streptavidin-horseradish 

peroxidase (1:10,000) was added and incubated for 30 minutes. After final 

washing step, 50 μl of tetramethylbenzidine substrate was added and the 

reaction was stopped with 1 N H2SO4. The absorbance was determined at 450 

nm on a spectrophotometer. All assays were performed in duplicate. 

 4. Statistical analysis 

Both PHD3 and ESM-1 levels in the control group were compared according 

to the sex and age (≤50 vs. >50 years) of the participants. Serum PHD3 and 

ESM-1 levels were then compared between controls and RCC patients, as well 

as according to tumor size, pathologic stage, Fuhrman grade, and histology in 

RCC patients. Receiver operating characteristic (ROC) curves were generated 

and the areas under the curves (AUCs) were calculated. The optimal cutoff 

value, which maximizes sensitivity and specificity, was obtained using the 

Youden index. In addition, we performed subgroup analyses involving RCC 

patients with tumor sizes of >2 cm or with clear cell histology. Although RCC 

and control group were matched by age and sex, patients in RCC group were 

significantly older than those in control group. We performed multivariate 

logistic regression analyses to evaluate whether level of ESM-1 is associated 
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with presence of RCC, independently of age. Preoperative and postoperative (at 

1 and 3 months) levels were compared. The quantitative values were compared 

using Student’s t tests or one-way ANOVA, whereas qualitative variables were 

compared using chi-square or Fisher’s exact tests. Statistical analyses were 

performed using the Statistical Package for Social Science for Windows, 

version 18.0 (SPSS, Chicago, IL, USA). A P value of <0.05 was considered 

significant, and all P values were two-sided. The ROC analyses and plotting 

graphics were performed using R version 3.2.5 (http://www.r-project.org). 

 

III. RESULTS 

 1. Patient characteristics 

The characteristics of the study cohort are summarized in Table 1. The control 

group consisted of 56 healthy kidney donors and 13 patients with benign renal 

masses. Patients in the RCC group were significantly older than the controls (P 

= 0.027). In control group, PHD3 level did not differ according to age (≤50 vs. 

>50 years, 0.73±0.09 ng/ml vs. 0.73±0.10 ng/ml; p>0.05). However, mean 

serum ESM-1 level was higher in older (>50 years) participants than in those 

that were younger (≤50 years) (0.56 ± 0.06 ng/mL vs. 0.49 ± 0.08 ng/mL, P = 

0.001). The mean serum levels of PHD3 and ESM-1 did not vary according to 

gender, body mass index and presence of hypertension. Additionally, no 

significant differences in PHD3 and ESM-1 levels were observed between 

healthy kidney donors and patients with benign renal masses. 

http://www.r-project.org)/
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Table 1. Clinical and pathologic characteristics of study cohort. 

  RCC Control P value 

Age (year) 
   

  mean±SD 52.9±12.6 48.5±9.3 0.024 

  median (IQR) 54 (44-62) 49 (42-57) 
 

Gender, n (%) 
  

0.852 

  male 35 (62.5) 42 (60.9) 
 

  female 21 (37.5) 27 (39.1) 
 

Hypertension, n (%) 22 (39.3) 7 (10.1) <0.001 

Diabetes, n (%) 12 (21.4) 1 (1.4) <0.001 

Body mass index (kg/m2) 
   

mean±SD 23.8±3.9 23.5±2.5 0.585 

median (IQR) 23.7 (20.8-25.6) 23.9 (21.5-25.5) 
 

    

Size (cm) 
  

- 

  mean±SD 3.64±3.36 - 
 

  median (IQR) 2.7 (2-3.8) - 
 

Stage, n (%) 
  

- 

  T1a 43 (76.8) - 
 

  T1b 6 (10.7) - 
 

  T2a 2 (3.6) - 
 

  T2b 2 (3.6) - 
 

  T3a 3 (5.4) - 
 

Furmann grade, n (%) 
  

- 

  I-II 36 (64.3) - 
 

  III-IV 20 (35.7) - 
 

Cell type, n (%) 
  

- 

 clear cell 44 (78.6) - 
 

 non-clear 12 (21.4) -   

RCC=renal cell cancer, SD=standard deviation, IQR=interquartile range 

Of the 56 patients with RCC, 43 (76.8%) had T1a disease and 44 (78.6%) had 
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clear cell histology RCC. A nonsignificant trend was observed in terms of 

increasing PHD3 level in patients with larger size, higher grade, T2-stage 

tumors, and clear-cell histology. The mean serum ESM-1 levels were not 

different between patients with clear cell RCC and non-clear cell RCC. In 

patients with clear cell RCC, the serum ESM-1 levels were significantly higher 

in patients with large-size tumors and higher stages. However, there were no 

statistically significant differences among patients in the entire RCC group 

(Table 2).  

Table 2. Serum PHD3 and ESM-1 levels according to characteristics of RCC 

  PHD3 P value ESM-1 P value 

ESM-1 

(clear cell 

RCC) 

P value 

Tumor size (cm) 
 

0.161 
 

0.095 
 

0.006 

  ≤2 (n=16) 0.75±0.21 
 

0.56±0.08 
 

0.54±0.08 
 

  >2, ≤4 (n=27) 0.78±0.17 
 

0.59±0.06 
 

0.59±0.06 
 

  >4 (n=13) 0.87±0.06 
 

0.61±0.05 
 

0.63±0.02 
 

Stage 
 

0.15 
 

0.625 
 

0.024 

  T1 (n=49) 0.78±0.17 
 

0.59±0.07 
 

0.58±0.07 
 

  >T2 (n=7) 0.88±0.05 
 

0.59±0.07 
 

0.63±0.02 
 

Furmann grade 
 

0.086 
 

0.836 
 

0.937 

  I-II (n=36) 0.76±0.16 
 

0.59±0.06 
 

0.59±0.06 
 

  III-IV (n=20) 0.84±0.17 
 

0.58±0.08 
 

0.59±0.07 
 

Cell type 
 

0.535 
 

0.904 
 

 

 clear cell (n=44) 0.80±0.18 
 

0.59±0.06 
 

 
 

 non-clear (n=12) 0.76±0.12   0.59±0.08      
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 2. Diagnostic performance of PHD3 and ESM-1 

  A. PHD3 as diagnostic biomarker 

RCC patients had higher serum PHD3 levels than controls (0.79±0.17 ng/ml vs. 

0.73±0.09 ng/ml; p=0.023) (Figure 1A.). In multivariate linear regression 

analysis, presence of RCC significantly affected serum level of PHD3, 

regardless of age (P = 0.020). Analyses of ROC curves for all cases (n=56) 

versus all controls (n=69) revealed an AUC for PHD3 of 0.668 (95% CI, 

0.565-0.769) (Figure 1B.). Using a cutoff value of 0.761 ng/ml as calculated 

according to the Youden index, the sensitivity, specificity, positive predictive 

value, and negative predictive value were 66.1, 68.1, 28.8, and 37.3%, 

respectively. ROC curve analyses were also performed for subgroups of RCC 

cases. The PHD3 AUCs for patients with tumor size >2 cm (n=40) and patients 

with clear cell histology (n=44) were 0.709 and 0.688, respectively. 

 

Figure 1. (A) Difference in serum PHD3 level between RCC patients and 

controls. The control group included both healthy kidney donors and patients 
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with benign renal masses. (B) ROC curve for PHD3 comparing RCC patients 

(n=56) and controls (n=69). The AUC for PHD3 was 0.668 (95% CI, 

0.565-0.769). 

  B. ESM-1 as diagnostic biomarker 

Patients with RCC had higher serum ESM-1 levels than control group 

participants (0.59 ± 0.07 mg/mL vs. 0.53 ± 0.09 ng/mL, P < 0.001) (Figure 2A). 

The AUC for serum ESM-1 level was 0.684 (95% CI: 0.628–0.817) (Figure 2B). 

With a cutoff value of 0.568 ng/mL (calculated by the Youden index), the 

sensitivity, specificity, positive-predictive values, and negative-predictive values 

were 67.9%, 73.2%, 30.5%, and 28.3%, respectively. 

 

Figure 2. (A) Difference in serum ESM-1 level between RCC patients and 

control subjects. (B) ROC curve for serum ESM-1 comparing RCC patients (n = 

56) and control subjects (n = 56). The AUC for serum ESM-1 was 0684 (95% 

CI, 0.628–0.817). 

In a subgroup analysis that included patients with tumor size larger than 2 cm 
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(n = 40) and with clear cell histology (n = 44), AUCs for ESM-1 levels were 

0.771 and 0.721, respectively. Because of the older age of patients in the RCC 

group and the higher levels of serum ESM-1 in older participants, we performed 

a multivariate logistic regression analysis. After controlling for effects of age, 

we found that ESM-1 is independently associated with the presence of RCC (P 

=0.003) (Table 3).  

Table 3. Multivariate logistic regression analysis to evaluate whether the 

ESM-1 is independently associated with RCC. 

  Univariate Multivariate 

  odd ratio P value odd ratio P value 

Age 1.03 (1.00-1.07) 0.027 1.03 (0.99-1.06) 0.089 

Gender 0.93 (0.45-1.92) 0.852 1.04 (0.46-2.31) 0.923 

BMI 1.03 (0.92-1.15) 0.583 1.03 (0.91-1.16) 0.596 

ESM-1 

(per 0.01 increase) 
1.08 (1.03-1.13) 0.001 1.07 (1.02-1.13) 0.003 

BMI=body mass index 

When we divided the entire cohort according to age, the AUCs for ESM-1 

were 0.813 in the younger group (age ≤50 years) and 0.637 in the older group 

(age >50 years). 

 3. Serial changes after surgery in RCC patients 

  A. Serial change of PHD3 after surgery 

The mean PHD3 level in RCC patients decreased at postoperative months 1 

and 3 (Figure 3A). The mean PHD3 levels at both 1 month and 3 months after 

surgery were 0.74 ± 0.11 mg/mL. Paired t-test analyses revealed that the PHD3 

levels at postoperative months 1 were significantly lower than preoperative 
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PHD3 levels (P = 0.05), but difference between preoperative and postoperative 

months 3 did not reach statistical significance (P = 0.072).  

 

  B. Serial change of ESM-1 after surgery 

When we analyzed the serial change in serum ESM-1 levels, the mean ESM-1 

levels at 1 month and 3 months after surgery were 0.56 ± 0.07 ng/mL and 0.56 ± 

0.06 ng/mL, respectively (Figure 3B). In paired t tests, the serum ESM-1 levels 

at 1 month and 3 months after surgery were significantly lower than the 

preoperative serum ESM-1 level (P = 0.047 and P = 0.009, respectively). 

 

Figure 3. Serial changes PHD3 and ESM-1 levels after surgery in patients with 

RCC. Both PHD3 and ESM-1 levels declined after surgery and preoperative and 

postoperative levels were compared using paired t-test. 
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IV. DISCUSSION 

In this study, we found that serum PHD3 and ESM-1 levels were significantly 

higher in patients with RCC than in healthy individuals. The diagnostic 

performances of both PHD3 and ESM-1 were improved when examining 

only patients with tumor size >2 cm. An active surveillance cohort study 

reported no association between tumor size <2 cm and delayed 

intervention.21 We suggest that these biomarkers provide better 

diagnostic accuracy in relatively significant RCC. 

Multiple potential RCC biomarkers have been investigated for diagnostic or 

monitoring purposes. The urinary markers aquaporin-1 and perilipin-2 have 

been thoroughly investigated. These tumor-specific proteins showed high 

diagnostic accuracy for differentiating RCC patients from healthy control or 

patients with other malignancies.22 However, perilipin-2 measurement involves 

Western blotting, which could limit widespread clinical implementation. 

Various inflammatory or genetic factors have also been investigated as serologic 

markers for RCC.3 Although the HIF pathway plays an important role in the 

development of RCC, the suitability of HIF and/or its target molecule as an 

RCC biomarker remains unclear.4,23 Carbonic anhydrase IX, an enzyme 

downstream of HIF, is a well-known RCC biomarker24 that has demonstrated 

excellent prognostic value. With regard to its diagnostic potential, positron 

emission tomography scanning using an antibody against carbonic anhydrase IX 
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can accurately identified RCC.25 Dong et al. recently examined another 

downstream molecule of HIF, angiopoietin-like 4, and found that serum levels 

are significantly higher in patients with RCC compared with healthy control or 

patients with other malignancies.26 

The PHDs are also closely related to HIF signaling, which is critical in the 

hypoxic conditions of the tumor microenvironment. Under normoxic conditions, 

PHDs inactivate HIFs by hydroxylation of a specific domain, resulting in 

binding of VHL to HIF and subsequent proteasomal degradation.7,27 By contrast, 

PHD activity decreases under hypoxic conditions, and subsequent HIF 

accumulation leads to expression of HIF target genes, enabling tumor cells to 

survive in the diminished oxygen conditions. The specific role of PHD3 in 

human cancers has yet to be elucidated, although this has been examined in 

pancreatic, gastric, breast, and colorectal cancers.10,11,28,29 PHD3 has various 

biologic functions, and some studies have shown that PHD3 plays a significant 

role in tumor suppression by promoting apoptosis of tumor cells.10,11,28-30 A 

previous transcriptional profiling study revealed that PHD3 expression is highly 

up-regulated in RCC compared with normal tissues.14 Sato et al. reported that 

PHD3 is a potent immunogenic antigen of RCC.13 In a subsequent study, they 

measured levels of serum autoantibodies against PHD3 in 22 RCC patients and 

26 healthy controls. The serum anti-PHD3 antibody level in RCC patients was 

significantly higher than in healthy controls. The anti-PHD3 antibody level 

decreased postoperatively, suggesting that anti-PHD3 antibody is a potential 
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novel diagnostic biomarker for RCC. The mechanism underlying the 

up-regulation of PHD3 expression in RCC is unclear. Increased PHD3 

expression might be due to response to HIF accumulation. On the other hand, 

phosphatidylinositol-3 kinase pathway also induced PHD3 expression 

independently of HIF.31 

Increased levels of ESM-1 have been found in sera of patients with colorectal 

cancer, hepatocellular carcinoma, and acute leukemia.32-34 Moreover, 

immunohistochemical studies have shown that elevated ESM-1 expression is 

associated with unfavorable prognoses in multiple types of cancers, including 

glioblastoma, colon cancer, hepatocellular carcinoma, and RCC.20,35-37 Tumor 

cells in RCC are characterized by an increased stability of hypoxia inducible 

factor and the subsequent induction of VEGF expression.38 Rennel et al.19 have 

demonstrated that ESM-1 is secreted from endothelial cells in response to 

VEGF, suggesting ESM-1 as potential tumor marker of RCC. Subsequent study 

has shown that serum ESM-1 levels significantly increased in patients with 

RCC than healthy control.20 However, the study focused on overexpression of 

ESM-1 in clear cell RCC and the small number of patients were included in the 

ELISA analysis. Moreover, the previous study found that ESM-1 levels were 

significantly increased in clear cell RCC, but not in papillary RCC, and ESM-1 

immunoreactivity was very rare in papillary RCC cells. However, in our study, 

serum ESM-1 levels did not differ between patients with clear cell and 

non-clear cell RCC. While activation of HIF and VEGF have been mostly 
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described in clear cell RCC, the role of HIF in other subtypes of RCC has also 

been suggested.39 Moreover, in our study, diagnostic performance of ESM-1 

was not improved in subgroup of clear cell RCC. Thus, we speculate that serum 

ESM-1 may serve as a more generalized biomarker and is not restricted to clear 

cell RCC. 

In the results of subgroup analysis, the diagnostic performance of ESM-1 was 

greatly improved in young cohort which included individuals with age 50 or 

less. We found that the level of serum ESM-1 increased with age. Aging process 

is closely related to chronic inflammation which also influence the expression 

of ESM-1. Therefore, although ESM-1 levels were significantly increased in 

sera from patients with RCC independent of age, it may be more difficult to 

diagnose RCC in elderly patients by ESM-1 levels alone. However, increasing 

evidence has shown that small renal masses, which are typically slow-growing 

nonaggressive tumors, might not affect the survival of elderly patients.40 Thus, 

ESM-1 levels in serum may be more useful for diagnosing RCC in younger 

patients. 

Our study is not devoid of limitations. First, the control group had relatively 

few benign renal masses and did not include any patients with other 

malignancies, and a larger cohort is needed to investigate the efficacy of serum 

PHD3 or ESM-1 levels in differentiating RCC from benign renal masses. 

Second, it is important to note that both biomarkers are also elevated in various 

other types of cancers, and thus are not specific for RCC. However, unlike 
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hepatocellular carcinoma and colorectal cancer, RCC has no serologic 

biomarker for diagnosis. Third, a prognostic role in RCC was not assessed. 

During 27 months of median follow-up, only 2 patients experienced recurrence, 

which was insufficient for statistical analysis. A longer follow-up study in 

patients with more advanced stages of RCC is needed to evaluate the prognostic 

value of PHD3. Lastly, our study protocol did not include postoperative blood 

sampling in control group. Thus, we could not exclude the effect of renal 

volume reduction on postoperative decrease in serum PHD3 and ESM-1 levels 

in RCC group. 

 

V. CONCLUSION 

Our findings suggest that serum PHD3 and ESM-1 could serve as novel 

biomarkers for RCC diagnosis and postsurgical monitoring, providing 

acceptable diagnostic performance. These serologic biomarkers could help 

differentiate RCC from benign renal masses. Although our findings should be 

validated in a larger cohort, serum PHD3 and ESM-1 appear to be suitable for 

clinical application in diagnosing and monitoring patients with RCC.  
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ABSTRACT (IN KOREAN) 

신세포암에서 잠재적 바이오마커의 임상적 적용 

 

<지도교수 한웅규> 

 

연세대학교 대학원 의학과 

 

김광현 

 

목적: 대부분 초기 신세포암은 우연히 발견되며 그 예후가 

좋으나, 진행성 신세포암의 경우 신기능의 보존이 어려울 뿐 

아니라 종양학적 예후 또한 좋지 않다. 현재 신세포암의 진단은 

영상학적 검사에 의존하는 경우가 많으나, 조기 진단을 위해 

임상적으로 유용한 바이오마커의 개발이 시급하다. 본 

연구에서는 신세포암에서 혈청의 prolyl hydroxylase-3 (PHD3)와 

endocan (ESM-1)의 진단 혹은 감시 바이오마커로서 효용성을 

확인해 보고자 하였다. 

방법: 2013년 10월부터 2015년 3월까지 전향적으로 코호트를 

구축하였으며, 코호트는 56명의 신세포암 환자와 69명의 

대조군으로 구성되었다. 대조군은 56명의 건강인 신공여자와 

13명의 양성신장종양 환자를 포함하였다. 신세포암과 

양성신장종양 환자는 모두 근치적 혹은 부분신절제술 후 

병리학적으로 확인이 되었다. 혈액 추출은 모두 수술 전에 

시행되었고, 신세포암 환자의 경우 수술 후 1개월, 3개월에 

추가로 시행되었다. 혈청의 PHD3와 ESM-1 수준은 

효소면역측정법을 이용하여 측정되었다. 술 전 신세포암군과 
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대조군의 PHD3, ESM-1 수치가 비교되었고, 신세포암에서는 술 

후 수치의 변화를 비교하였다. PHD3와 ESM-1의 진단 성능을 

평가하기 위해 Area Under Curve (AUC)를 계산하였다. 

결과: 혈청 PHD3와 ESM-1은 신세포암 환자에서 대조군에 

비하여 통계적으로 유의하게 높게 관찰되었다 (PHD3; 0.79±0.17 

ng/ml vs. 0.73±0.09 ng/ml, p=0.023) (ESM-1; 0.59±0.07 ng/ml vs. 

0.53±0.09 ng/ml, p<0.001). PHD3와 ESM-1의 AUC는 각각 0.668과 

0.684였다. 종양의 크기가 2 cm이상인 환자들만을 분석하였을 때 

PHD3와 ESM-1의 AUC는 각각 0.709와 0.730이었다. 술 후 

변화를 확인하였을 때 신세포암 환자에서 술 후 1개월 째 혈청 

PHD3와 ESM-1은 유의하게 감소하였다 (PHD3; p=0.050, ESM-1; 

p=0.047).  

결론: 혈청 PHD3와 ESM-1은 새로운 신세포암의 진단 

바이오마커이며 적절한 진단 성능을 보여주었다. 또한 PHD3와 

ESM-1은 신세포암에서 수술 후 감시 바이오마커로서 효용성이 

있을 것으로 보인다. 

 

 

 

핵심되는 말 : 신세포암; 바이오마커; 조기진단 
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