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CYFRA 21-1 Is a Useful Marker for Esophageal Squamous Cell Carcinoma Kohtarou Yamamoto, M.D.1 Masaaki Oka, M.D.1 Hiroto Hayashi, M.D.1 Akira Tangoku, M.D.1 Tosikazu Gondo, M.D.2 Takashi Suzuki, M.D.1



BACKGROUND. CYFRA 21-1 measures soluble cytokeratin-19 fragments in serum and is a useful marker for lung carcinoma, especially squamous cell carcinoma (SCC). The authors conducted this study to determine the significance of CYFRA 21-1 in patients with esophageal SCC. METHODS. Expression and production of cytokeratin-19 in the authors’ six estab-
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lished esophageal SCC cell lines were determined by immunocytochemical staining and enzyme-linked immunoadsorbent assay, respectively. The correlation between serum CYFRA 21-1 levels and expression of cytokeratin-19 in human tumors was investigated by immunohistochemical staining. The correlation between serum CYFRA 21-1 levels and clinicopathologic factors was examined in 48 patients with esophageal SCC, as were SCC antigen and carcinoembryonic antigen (CEA). RESULTS. Of the 6 cell lines, 5 lines expressed cytokeratin-19 in their cytoplasm and produced soluble cytokeratin-19 fragments. Twenty-three of 48 patients had elevated CYFRA 21-1 levels (ú3.5 ng/mL), whereas none of the reference group (consisting of healthy volunteers or patients with benign disease) showed positive levels. The specificity, sensitivity, and accuracy of CYFRA 21-1 were 100%, 47.9%, and 66.7%, respectively. CYFRA 21-1 showed significantly higher sensitivity and accuracy than SCC antigen or CEA (P õ 0.05). Univariate analysis revealed that CYFRA 21-1 levels correlated with disease progression (including tumor size, tumor depth, and pTNM stage), resectability, and curability. There was a significant association between the level of CYFRA 21-1 and its intensity of immunohistochemical staining in vitro as well as in vivo. CONCLUSIONS. CYFRA 21-1 appears to be a useful marker for human squamous cell carcinoma of the esophagus. Cancer 1997;79:1647–55. q 1997 American Cancer Society.
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sophageal carcinoma has a poor prognosis because of rapid spread and growth. Because most patients have advanced disease at the time of diagnosis,1 the recurrence rate after surgery is extremely high. Suitable early biomarkers for esophageal carcinoma are therefore urgently required. Such tumor markers might facilitate an early diagnosis of cancer, provide data for adequate staging relative to tumor burden and a method for evaluating the effects of therapy, and facilitate diagnoses of metastases or local recurrences. Squamous cell carcinoma (SCC) antigen and carcinoembryonic antigen (CEA) have been used as markers for esophageal carcinoma; however, their sensitivity has not been satisfactory.2,3 Cytokeratins are intermediate filaments within the cytoskeletons of both normal epithelia and their malignant counterparts.4 They are subdivided into 20 different cytokeratins, according to their molecular
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TABLE 1 Histologic Type, Supernatant Levels of CYFRA 21-1 and SCC Antigen, and Expression of Cytokeratin-19 in Human Esophageal Carcinoma Cell Lines Supernatant level (ng/mL) Histology of primary tumors



Cell lines YES-1 YES-2 YES-3 YES-4 YES-5 YES-6 Culture medium



Poorly diff. SCC Moderately diff. SCC Moderately diff. SCC Moderately diff. SCC Moderately diff. SCC Moderately diff. SCC



CYFRA 21-1



SCC antigen



47.0 15.0 7.8 õ1.0 6.4 50.0 õ1.0



0.7 2.6 0.0 0.1 0.3 0.2 0.0



Detection of cytokeratin-19 (/) (/) (/) (0) (/) (/)



diff: differentiated; SCC: squamous cell carcinoma.



weights and isoelectric points on two-dimensional electrophoresis.5,6 The expression of a single cytokeratin or combination of cytokeratins is known for specific tissues.4 Cytokeratin-19, which has an isoelectric pH of 5.2 and a molecular weight of 40 kilodaltons, is expressed in the unstratified or pseudostratified epithelium of the bronchial tree.4 Immunohistochemical studies using LP2K and BA 17, cytokeratin 19 specific monoclonal antibodies, revealed cytokeratin-19 expression in normal lung epithelium and enhanced expression in malignant lung tissue.7 In contrast to cytokeratins themselves, fragments of intermediate filaments are soluble in serum and therefore can be measured with monoclonal antibodies.8 Since cytokeratin-19 is particularly abundant in lung carcinoma,7,9 cytokeratin-19 fragments in serum may be useful as a tumor marker. Cytokeratin-19 fragments are recognized by the monoclonal antibodies Ks 19.1 and BM 19.21, obtained by immunizing mice with MCF-7 cells.10 CYFRA 21-1 measures soluble cytokeratin-19 fragments in serum when these antibodies are used, and CYFRA 21-1 has been used as a marker for lung carcinoma.8 CYFRA 21-1 has been a sensitive marker for nonsmall cell lung carcinoma, especially SCC.8,11 – 15 Wollenberg et al.16 reported that cells expressing cytokeratin-19 in bone marrow were sensitive markers for the prediction of recurrence in various SCCs. Moreover, normal esophagus epithelium has cytokeratin-4, -5, and -13 in its cytoskeleton4 ; on the other hand, esophageal SCC has cytokeratin19.17 Most esophageal carcinomas are SCC; thus, CYFRA 21-1 may be useful in diagnosing patients with esophageal SCC. The source of cytokeratin-19 fragments in blood is still unclear. The expression of cytokeratin-19 in SCC and CYFRA 21-1 levels in patients with esophageal SCC were investigated. We first determined whether esophageal carci-
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noma cells in vitro produced soluble cytokeratin-19 fragments by measuring CYFRA 21-1 levels in culture supernatant and cytokeratin-19 in the cytoplasm, using immunocytochemical staining. Next, we investigated the relationship between serum CYFRA 21-1 levels and expression of cytokeratin-19 in human tumors, using immunohistochemical staining. Finally, we examined the correlation between serum CYFRA 21-1 levels and clinicopathologic factors and contrasted these with the established markers, SCC antigen and CEA.



MATERIALS AND METHODS Cell Lines Six human esophageal carcinoma cell lines (YES-1, -2, -3, -4, -5, and -6), established at the Department of Surgery II, Yamaguchi University School of Medicine, were used in this study.17 All the original tumors of these cell lines were SCC (Table 1) Cells were cultured in Dulbecco’s modified Eagle medium (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan), containing 5% fetal calf serum (Sigma Chemical Co., St. Louis, MO), 100 U/mL of penicillin, 100 mg/mL of streptomycin (GIBCO, Chagrin Falls, OH), and 12 mM of sodium bicarbonate, at 37 7C in a CO2-incubator. Patients During the period 1994 – 1995, 48 patients with an initial diagnosis of esophageal SCC were enrolled in this study. The locations of tumors and metastases were determined by barium esophagography; chest radiograph; endoscopy of the tracheobronchial tree, pharynx, larynx, and esophagus; computed tomography (CT) and magnetic resonance imaging (MRI) of the thorax and abdomen; and radionuclide bone scanning. Among 48 patients, 37 (77.1%) underwent tumor resection; 11 patients (22.9%) with distant
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CYFRA 21-1 for Esophageal Carcinoma/Yamamoto et al. TABLE 2 Characteristics of 48 Patients with Esophageal SCC Median age, yrs (range) Gender Male Female Tumor location Cervical Thoracic Abdominal Tumor size õ5 cm 5–7.9 cm ®8 cm Macroscopic tumor type Tumorous Ulcerative Diffuse Tumor deptha No invasion to adventitia Invasion to adventitia Invasion to adjacent organs Lymph node metastasesa Negative Positive Histologic type Well-differentiated SCC Moderately differentiated SCC Poorly differentiated SCC Unresectable SCC Distant metastases Negative Positive pTNM stagea 0 I II III IV Resectability Resectable Unresectable Curability Curative Noncurative



60.0 (37–82) 42 6 5 39 4 19 16 13 5 40 3 17 21 10 16 32
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metastases or invasion of adjacent organs were considered unresectable. All unresectable patients had biopsy-proven SCC of the esophagus. Patient characteristics are shown in Table 2. Clinicopathologic factors evaluated were tumor location, tumor size, macroscopic tumor type, tumor depth, lymph node metastases, histologic type, distant metastases, pTNM stage,18 resectability, and curability. Location was decided by barium esophagography, as previously described.19 In unresectable patients, tumor size, macroscopic tumor type, tumor depth, lymph node metastases, distant metastases, and pTNM stage were determined by radiographic, endoscopic, and MRI findings. The reference group consisted of 10 healthy volunteers and 17 patients with various benign diseases (3 with esophageal achalasia, 6 with cholelithiasis, 2 with inguinal hernias, 1 with an ileus, 2 with traumas, and 3 with hemorrhoids). Informed consent was obtained from all patients and volunteers.



Culture Supernatant and Serum Sampling Cells from each cell line were seeded into tissue culture flasks (50 ml) with a plug seal screw cap (Becton Dickinson, San Jose, CA) at a density of 1 1 106 cells/ 5 mL. After 4 days, supernatants were collected and stored at 080 7C until assayed. Serum samples were obtained from patients and volunteers on the day prior to any treatment and stored at 080 7C. In six patients with esophageal SCC, CEA was not measured. SCC antigen and CEA were examined in 10 patients in the reference group.



3 23 11 11 43 5 8 3 9 18 10 37 11 19 29



SCC: squamous cell carcinoma. a Tumor depth, lymph node metastasis, and pTNM stage were ascertained by histologic examination. Evaluations of unresectable patients were performed by radiographic, endoscopic, and magnetic resonance imaging findings.



CYFRA 21-1, SCC Antigen, and CEA Assays CYFRA 21-1 levels in supernatant and serum were measured using an enzyme-linked immunoadsorbentassay kit, Enzymun-Test CYFRA 21-1 (BoehringerMannheim GmbH, Mannheim, Germany). The limit of detection of the test was 1 ng/mL. The cutoff value for serum CYFRA 21-1 was 3.5 ng/mL, according to the manufacturer’s instructions. SCC antigen and CEA were measured in supernatant and serum with an enzyme immunoassay kit (Dy-



TABLE 3 Relationship Between Serum CYFRA 21-1 Levels and Clinicopathologic Factors, as Determined by Multivariate Analysis Factor



b



St. b



Partial correlation



F0



P value



Tumor depth Resectability Constant



00.3221 00.2309 2.4019



00.4743 00.1943



00.4377 00.1955



10.6612 1.7885



0.002 0.187
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FIGURE 1. Immunocytochemical staining for cytokeratin-19 of human esophageal carcinoma cell lines is shown. Cytokeratin-19 expression is shown in YES-1 (a), YES-2 (b), YES-3 (c), YES-5 (e), and YES-6 (f). Absence of cytokeratin-19 is shown in YES-4 (d) (original magnification 1100).



nabott, Tokyo, Japan) and an AIA-PACK CEA kit (TOSOH, Tokyo, Japan), respectively. The cutoff values for serum SCC antigen and CEA were 1.5 ng/mL and 10 ng/mL, respectively, according to the manufacturer’s instructions.



Antibodies A murine monoclonal antibody (IgG2a) to cytokeratin19, Ks 19.1 (Progen Biotechnik GmbH, Heidelberg, Germany), and biotinylated goat antimouse IgG2a (Amersham Japan, Tokyo, Japan) were used in immunochemical staining for cytokeratin-19. Polyclonal anti-CEA antibody (antihuman [rabbit]) (DAKO JAPAN Co., Ltd, Tokyo, Japan) and anti-SCC antigen antibody MAb-31721,22 were used for immunohistochemical staining for CEA and SCC antigen, respectively.



Immunochemical Staining Cells from each cell line were cultured for 2 days on Lab-Tek chamber slides (Nunc, Inc., Naperville, IL).
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Cells were washed 3 times with phosphate-buffered saline (PBS), pH 7.4, fixed for 30 minutes at 4 7C in 2% paraformaldehyde, washed 3 times with PBS, and stained with antibody to cytokeratin-19 using an avidin-biotin complex immunoperoxidase technique with a DAKO LSAB kit (DAKO Co., Carpinteria, CA). Nonspecific binding was blocked with nonimmune goat serum prediluted in 0.05 M Tris/HCl buffer, ph 7.6, containing 6% carrier protein and 15 mM sodium azide as preservative. Briefly, cells were incubated in primary antibody (diluted 1:100 in PBS) for 30 minutes, incubated in secondary antibody (diluted 1:100 in PBS) for 15 minutes, then incubated in 1:400 streptavidin for 15 minutes at room temperature. Peroxidase activity was detected using 3,3*-diaminobenzidine as a chromogen with H2O2 as a substrate. Samples were counterstained with hematoxylin and mounted. As negative controls, samples were stained as above, but PBS was substituted for the primary antibody. Paraffin blocks of tumor from each primary esoph-
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FIGURE 2. Immunohistochemical staining of cytokeratin-19 is shown in a resected specimen from a patient (pT3, pN1, pM0, Stage III, G3) who had a positive serum CYFRA 21-1 level (8.0 ng/mL). Cytokeratin-19 expression in tumor (a), absence of cytokeratin-19 in normal epithelium (b), absence of squamous cell carcinoma antigen in tumor (c), and carcinoembryonic antigen expression in tumor (d) are shown (original magnification 1200).



ageal carcinoma or normal tissue were sectioned at 3 mm. Sections were dewaxed, rehydrated, and stained with antibody to cytokeratin-19, CEA, and SCC antigen21,22 ; the immunoperoxidase technique described above was used.



Statistical Analysis The following calculations were made: sensitivity: true positive/(true positive / false negative); specificity: true negative/(true negative / false positive); and accuracy: (true positive / true negative)/(true positive / false negative / true negative / false negative).23 Data were compared using a two-tailed Student’s t test. The chi-square test with Yates’ correction was used to examine correlation. Multivariate analysis using multiple regression was performed to evaluate the correlation between the CYFRA 21-1 positive and negative groups and seven variables: tumor size, depth of tumor invasion, lymph node metastases, distant metastases, pTNM stage, resectability, and curability. A P value less than 0.05 was considered significant.
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RESULTS CYFRA 21-1 Levels and Detection of Cytokeratin-19 In Vitro CYFRA 21-1 was detected in culture supernatants in 5 of 6 human esophageal cancer cell lines (Table 1). In these 5 cell lines, cytokeratin-19 was also detected in the cytoplasm (Fig. 1). Neither CYFRA 21-1 nor cytokeratin-19 was detected in YES-4 cells. Relationship between Serum CYFRA 21-1 Levels and Expression of Cytokeratin-19 in Tumors As shown in Figure 2, expression of cytokeratin-19 was observed in the primary tumor of a patient with a positive serum CYFRA 21-1 level (8.0 ng/mL), cytokeratin-19 was absent in the corresponding normal epithelium. He had negative levels of serum SCC antigen (0.8 ng/mL) and CEA (6.1 ng/mL). CEA was detected in the primary tumor, but SCC antigen was not. As shown in Figure 3, cytokeratin-19 was absent in the primary tumor of a patient with a negative serum CYFRA 21-1 level (1.8 ng/mL). He had negative levels
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FIGURE 3. Immunohistochemical staining of cytokeratin-19 is shown in a resected specimen from a patient (pT3, pN1, pM0, Stage III, G3) who had a negative serum CYFRA 21-1 level (1.8 ng/mL). Cytokeratin-19 absence in tumor (a) as well as in normal epithelium (b) and absence of squamous cell carcinoma antigen (c) and carcinoembryonic antigen (d) in tumor are shown (original magnification 1200).



of serum SCC antigen (0.7 ng/mL) and CEA (3.0 ng/ mL). Neither SCC antigen nor CEA was detected in the tumor.



Comparison among CYFRA 21-1, SCC Antigen, and CEA Levels in Serum All values for CYFRA 21-1, SCC antigen, and CEA in the reference group were less than the cutoff values for each marker. Individual values of CYFRA 21-1 in the reference group and in patients with esophageal SCC are shown in Figures 4 and 5. CYFRA 21-1 showed significantly higher sensitivity and accuracy than SCC antigen or CEA (Table 4). In 11 patients with poorly differentiated SCC, the sensitivity rates of CYFRA 21-1 and SCC antigen were 45.5% and 0.0%, respectively (P õ 0.05). Correlation between Serum CYFRA 21-1 Levels and Clinicopathologic Factors By univariate analysis, significant differences between the CYFRA 21-1 positive and negative groups were observed for tumor size, tumor depth, pTNM stage, re-



/ 7b55$$1034



03-27-97 08:29:46



cana



sectability, and curability (Table 5). Ten of 13 patients (76.9%) with tumors larger than 8 cm had positive CYFRA 21-1 levels, in contrast to 6 of 19 (31.6%) with tumors smaller than 5 cm (x2 [from chi-square test] Å 6.5262, P Å 0.038). Nine of 10 patients (90.0%) with invasion to adjacent organs had positive CYFRA 21-1 levels, whereas only 2 of 17 (11.8%) without invasion to adventitia had positive levels (x2 Å 16.7154, P Å 0.001). Individual values of CYFRA 21-1, according to stage grouping, are shown in Figure 4. Seven of 10 patients (70.0%) with Stage IV disease had positive CYFRA 21-1 levels compared with 1 of 8 (12.5%) with Stage 0 (x2 Å 10.0341, P Å 0.040). The positive rates of CYFRA 21-1 in patients who did and did not undergo resection were 13 of 37 (35.1%) and 10 of 11 (90.9%), respectively (P Å 0.001). The positive rates of CYFRA 21-1 in patients who did and did not undergo curative resection were 4 of 19 (21.1%) and 19 of 29 (65.5%), respectively (x2 Å 7.3996, P Å 0.007). There was no statistical difference with respect to lymph node metastases, histologic type, or distant metastases.
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FIGURE 4. Individual values of CYFRA 21-1, in the reference group and in patients with esophageal squamous cell carcinoma, are shown. The limit of detection was 1 ng/mL. The cutoff value was 3.5 ng/mL. All values for CYFRA 21-1 in the reference group were less than the cutoff value.



By multivariate analysis, significant differences between the CYFRA 21-1 positive and negative groups were observed for tumor depth and resectability (R Å 0.6079, F0 Å 13.189, P õ 0.01) (Table 3).



DISCUSSION Our study shows that esophageal SCC cells in vitro expressed cytokeratin-19 in their cytoplasm and released cytokeratin-19 fragment into their supernatants. Serum CYFRA 21-1 levels in patients with esophageal SCC were associated with expression of cytokeratin-19 in tumors. The specificity of CYFRA 21-1 was 100%, and CYFRA 21-1 showed significantly higher sensitivity and accuracy than SCC antigen or CEA. Patients with more than 3.5 ng/mL of CYFRA 21-1 had more progressive disease, as well as lower rates of resectability and curability. Tumor markers have five potential uses: screening, diagnosis, establishing prognosis, monitoring treatment, and detecting relapse.24 Munck-Wikland et al.2 reported that 39% of patients with esophageal SCC had elevated CEA levels, 41% had elevated CA 50, and 13% had elevated CA 19-9. They could not establish a
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FIGURE 5.



Individual values of CYFRA 21-1 are shown, according to stage grouping. The limit of detection was 1 ng/mL. The cutoff value was 3.5 ng/mL.



TABLE 4 Sensitivity, Specificity, and Accuracy of CYFRA 21-1, SCC Antigen, and CEA



CYFRA 21-1 SCC antigen CEA



Sensitivity



Specificity



Accuracy



47.9% 25.0%a 4.8%b



100% 100% 100%



66.7% 37.9%b 23.1%b



SCC: squamous cell carcinoma; CEA: carcinoembryonic antigen. a CYFRA 21-1 versus SCC antigen in sensitivity, P õ 0.05. b CYFRA 21-1 versus CEA in sensitivity, CYFRA 21-1 versus SCC antigen and CEA in accuracy, P õ 0.01.



correlation between marker elevation and tumor stage or differentiation. Kato and Torigoe25 developed SCC antigen as a tumor marker for human SCC. Ikeda3 demonstrated that 42.7% of patients with esophageal SCC had elevated SCC antigen levels, which also correlated with tumor stage. CYFRA 21-1 was developed as a tumor marker for lung carcinoma.8 CYFRA 21-1 was a sensitive tumor marker for lung SCC.8,11 – 15 The sensitivity of CYFRA
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TABLE 5 Relationship between Serum CYFRA 21-1 Levels and Clinicopathologic Factors in Esophageal SCC CYFRA 21-1a Clinicopathologic factor Tumor size õ5 cm 5–7.9 cm ®8 cm Tumor depth No invasion to adeventitia Invasion to adventitia Invasion to adjacent organs Lymph node metastases Negative Positive Histologic type (differentiation) Well differentiated Moderately differentiated Poorly differentiated Distant metastases Negative Positive pTNM stage 0 I II III IV Resectability Resectable Unresectable Curability Curative Noncurative



(/)



(0)



Chi-square



P value



6 7 10



13 9 3



6.5262



0.038b



2 12 9



15 9 1



16.7154



0.001b



4 19



12 13



3.7670



0.052



2 6 5



1 17 6



2.1490



0.341



19 4



24 1



1 0 4 11 7



7 3 5 7 3



13 10



24 1



4 19



15 10



0.149



10.0341



0.040b



REFERENCES 1.



0.001b



7.3996



2.



0.007b 3.



SCC: squamous cell carcinoma. a CYFRA 21-1 (/), serum CYFRA 21-1 level ú 3.5 ng/mL. b Significantly related to serum CYFRA 21-1 level (chi-square test with Yates’ correction).



4.



21-1 in lung SCC ranges from 57% to 73.1%. These previous reports also demonstrated that CYFRA 21-1 correlated with tumor size and stage. Van der Gaast et al.12 reported the usefulness of CYFRA 21-1 for disease monitoring in patients with lung SCC during and after chemotherapy. In the current study, 25.0% and 4.8% of patients with esophageal SCC had elevated SCC antigen levels and CEA levels, respectively, whereas 47.9% had elevated CYFRA 21-1. For esophageal SCC, CYFRA 21-1 is more sensitive than SCC antigen or CEA. No patients with poorly differentiated esophageal SCC had positive levels of SCC antigen, whereas 45.5% had positive levels of CYFRA 21-1. Thus, CYFRA 21-1 was useful even in diagnosing patients with poorly differentiated tumors. The diagnostic sensitivity of CYFRA 21-1 correlated with tumor size, depth, and pTNM stage, as well as resectability and curability.
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The source of serum CYFRA 21-1 is not clear. It has been reported that fragments of cytokeratins can be released into serum after cell lysis or tumor necrosis.11,13 Similarly, in our study, immunohistochemical tests revealed cytokeratin-19 expression in esophageal SCC cells in association with positive serum CYFRA 211 levels. Immunocytochemical staining revealed that some SCC cells had cytokeratin-19 in their cytoplasm; their supernatant CYFRA 21-1 levels were also high, with few cell deaths in vitro. These data support another possibility; that cytokeratin-19 fragments are released from SCC cells. However, the mechanism for this is still unknown. In conclusion, CYFRA 21-1 appears to be a useful marker for human SCC of the esophagus. Although the follow-up of patients in the current study was brief, CYFRA 21-1 levels in all 13 CYFRA 21-1 positive patients were reduced during remission after resection, and the levels in 8 became elevated with recurrence. There may be a tendency for CYFRA 21-1 levels to parallel the clinical course of the disease. The clinical potential for CYFRA 21-1 should be investigated.
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