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Abstract 

Purpose: Here we evaluate in breast cancer pa ents the prognos c value of pepsinogen C, a 
proteoly c enzyme involved in the diges on of proteins in the stomach that is also synthesized 
by a significant percentage of breast carcinomas.  

Pa ents and Methods: Pepsinogen C expression was examined by immunoperoxidase 
staining in a series of 243 breast cancer ssue sec ons, and results obtained were 
quan fied using the HSCORE system, which considers both the intensity and the 
percentage of cells staining at each intensity. Evalua on of the prognos c value of 
pepsinogen C was performed retrospec vely in corresponding pa ents by mul variate 
analysis that took into account conven onal prognos c factors. The mean follow-up 
period was 48.5 months.  

Results: A total of 113 carcinomas (46.5%) stained posi vely for this proteinase, but 
there were clear differences among them with regard to the intensity and percentage of 
stained cells. Pepsinogen C values were significantly higher in well differen ated (grade 
1, 89.1) and moderately differen ated (grade II, 88.5) tumors than in poorly 
differen ated (grade III, 27.7) tumors (P < .001). Similarly, significant differences in 
pepsinogen C content were found between estrogen receptor (ER)-posi ve tumors and 
ER-nega ve tumors (85.9 v 41.2, respec vely; P < .05). Moreover, results indicated that 
low pepsinogen C content predicted shorter relapse-free survival dura on and overall 
survival dura on (P < .0001). Separate Cox mul variate analysis for relapse-free survival 
and overall survival in subgroups of pa ents as defined by node status showed that 
pepsinogen C expression was the strongest factor to predict both relapse-free survival 
and overall survival in node-posi ve pa ents (P < .0001 for both) and node-nega ve 
pa ents (P < .005 and P < .01, respec vely).  

Conclusion: Pepsinogen C is a new prognos c factor for early recurrence and death in 
both node-posi ve and node-nega ve breast cancer. In addi on, and in contrast to most 
studies that concern the prognos c significance of proteoly c enzymes in cancer, 
pepsinogen C produc on by breast cancer cells is associated with lesions of favorable 
evolu on. 

Introduc on 

Breast cancer is the most frequent malignant tumor in the female popula on and 
represents a leading cause of death in women from Western countries. Since these 
carcinomas display a high variability in biologic and clinical behavior, major efforts have 
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been directed at finding specific factors that could reflect the characteris cs of each 
par cular tumor. Among the different biochemical markers that may be useful for this 
purpose, proteoly c enzymes have a racted considerable interest due to their poten al 
role in degrada on of the extracellular matrix, and thereby facilita on of tumor invasion 
and metastasis.1,2 Consistent with this concept, a variety of proteinases have been found 
to be overproduced either by breast cancer cells themselves or by sur rounding stromal 
cells of host ssue. These enzymes include matrix metalloproteinases such as 
collagenases, stromelysins, and gela nases,3-5 serine proteinases such as plasminogen 
ac vators,6 cysteine proteinases such as cathepsins B and L,7,8 and aspar c proteinases 
such as cathepsin D.9,10 Also in agreement with the proposed role for these proteoly c 
enzymes in the spread of cancer, several clinical studies have shown that their 
overexpression in breast tumors is usually associated with a poor clinical outcome of the 
disease.11-13  

Recently, we found that a significant percentage of breast carcinomas have the ability to 
synthesize pepsinogen C, a proteoly c enzyme in which the normal func on is to digest 
proteins in the stomach.14 In addi on, immunohistochemical analysis of a large number 
of breast carcinomas has shown that expression levels of this proteinase are significantly 
associated with the histologic grade of tumors and their receptor estrogen status.15 Thus, 
higher levels of pepsinogen C are found in well-differen ated tumors than in poorly 
differen ated tumors. Similarly, pepsinogen C values were higher in estrogen receptor 
(ER)-posi ve tumors than in ER-nega ve tumors. Since both condi ons confer a 
prognos c advantage to breast cancer pa ents, we have proposed that pepsinogen C 
expression by breast carcinomas may be a marker for favorable clinical outcome of the 
disease.15 Because this proposal is in marked contrast to most studies of the prognos c 
significance of proteoly c enzymes in breast cancer, we were prompted to examine the 
poten al rela onship between pepsinogen C levels and tumor recurrence and pa ent 
survival rates in a group of 243 women with breast cancer. Here we confirm and extend 
our previous observa on that pepsinogen C produc on by breast tumors is a factor for 
good prognosis, independent of a number of other prognos c variables.  

 

PATIENTS AND METHODS  

Pa ents  

This study was performed on a group of 243 women (age range, 25 to 90 years) with 
histologically verified ductal-infiltra ng breast cancer diagnosed and treated at Hospital 
de Jove (Gijón, Spain) and Hospital Central de Asturias (Oviedo, Spain) between 1980 
and 1992. All of them were previously untreated and without signs of distant metastasis 
or any other malignant tumor at the me of diagnosis. Pa ents' characteris cs with 
respect to menopausal status and clinical staging of the disease are listed in Table 1. 
Histologic grade of tumors was determined according to criteria reported by Bloom and 
Richardson,16 whereas nodal status was assessed histopathologically. ER content was 
measured in cytosol extracts using a commercially available kit from Abbo  Laboratories 



(North Chicago, IL). Breast tumors were considered ER-posi ve if they contained more 
than 10 fmol/mg total protein.  

Radical or modified radical mastectomy with axillary dissec on was performed in all 
pa ents. Postopera ve locoregional radiotherapy was given to 92 pa ents with central 
or medial tumors or with posi ve axillary lymph nodes. Adjuvant systemic therapy with 
cyclophosphamide, methotrexate, and fluorouracil was given to 71 pa ents, and 
adjuvant tamoxifen to 73. All pa ents were evaluated for disease recurrence and survival 
status by clinical, radiologic, and biologic examina ons every 3 months for the first 2 
years and once per year therea er. The mean follow-up period was 43.7 months for 
pa ents with node-posi ve cancer and 53.5 for those with node-nega ve tumors. Of 
243 pa ents included in this study, 95 developed tumor recurrence and 61 of them died 
of recurrence. In addi on, nine women died of causes unrelated to breast cancer.  

 

Pepsinogen C Purifica on and An serum Produc on  

Pepsinogen C was purified from human gastric mucosa obtained at autopsy from 
individuals without gastric disorders as previously described.14 Purity of the obtained 
zymogen was confirmed by automa c Edman degrada on. An serum against purified 
an gen was raised in New Zealand white rabbits using the method described by 
Vaitukai s.17 Immunized rabbits were exsanguinated 6 weeks a er protein injec on, and 
the serum obtained was dialyzed for 24 hours at 4°C against 20 mmol/L phosphate 
buffer, pH 7.2. Then, the dialyzed material was chromatographed on a column of 
diethylaminoethyl-cellulose equilibrated and eluted in the same phosphate buffer; 
finally, the immunoglobulin G (IgG)-containing frac ons were collected and stored at -20 
0 C un l used.  

 

Immunohistochemical Staining  

Immunohistochemical assays were performed on 6-µm, formalin-fixed, paraffin-
embedded ssue sec ons using the avidin-bio n method.18 Endogenous peroxidase and 
nonspecific binding were blocked by sequen al incuba on of sec ons in 10% hydrogen 
peroxide solu on and in normal serum. Incuba on with an serum against gastric 
pepsinogen C (diluted 1:500 in 20 mmol/L phosphate buffer, pH 7.2) was performed at 
40 C for 16 hours. Then, slides were incubated with the second bio nylated an body 
obtained from Dako (Copenhagen, Denmark) and the avidin-bio n-complex reagent 
(Vector Laboratories, Burlingame, CA). A er 30 minutes at room temperature, the 
reac on was developed with 0.06% diaminobenzidine and 0.01% hydrogen peroxide. 
An serum specificity was confirmed by Western blot analysis as previously described.15 
Specificity of staining was also determined using controls that involved incuba on of 

ssue sec ons with buffer alone or with an equal amount of IgG from nonimmunized 
rabbits. In both cases, there was no significant staining. Furthermore, immunostaining 
was completely abolished by an serum preincuba on with pepsinogen C purified as 



previously described.14 Tissue sec ons were scored in a semiquan ta ve fashion 
according to the method reported by McCarty et al,19 which considers both the intensity 
and percentage of cells staining at each intensity. Intensi es were classified from 0 (no 
staining) to 3 (very strong staining), whereas 10% groupings were used for the 
percentage of cells that stained posi ve. For each slide, a value designated HSCORE was 
obtained by applica on of the following algorithm: HSCORE = Σ([I + 1] x PC), where I and 
PC represent intensity and percentage cells that stain at each intensity, respec vely. All 
sec ons were evaluated by two independent observers without any knowledge of the 
clinical outcome of pa ents included in the study, and corresponding HSCOREs were 
calculated separately. Reproducibility of the scoring method between both observers 
was greater than 90%. In the remaining cases in which discrepancies had been noted, 
differences were se led by consensus review of corresponding slides.  

 

Sta s cal Analysis  

For analysis of data, pa ents were subdivided into groups based on different clinical or 
pathologic parameters. Analysis of differences in pepsinogen C values between two 
groups was performed with the Mann-Whitney U test. Rela onships between more than 
two groups were evaluated by the Kruskal-Wallis test. In the univariate study, curves for 
relapse-free survival and overall survival rates were established by the Kaplan-Meier 
method20 and compared with the log-rank test.21 Cox's regression model 22 was also used 
to examine several combina ons and interac ons of prognos c factors in a mul variate 
analysis. The following variables were included in the analysis: pa ent age at diagnosis, 
menopausal status, tumor size, histologic grade, and nodal status. ER status was not 
included due to the absence of corresponding data in a significant number of tumors. 
Selec on of prognos c variables was performed with Cox's model using the stepwise 
regression op on from BMDP (program 2L) so ware.23  

 

RESULTS  

Pepsinogen C expression in breast tumor ssues was analyzed by immunohistochemical 
staining with an an serum raised against protein purified from human gastric mucosa. 
Before analysis, purity of the an gen used to raise corresponding an bodies, as well as 
an serum specificity, were extensively examined as described earlier. A er performing 
these controls, immunostaining was performed on 243 breast cancer ssue sec ons and 
the results obtained were evaluated with the HSCORE system. HSCORE values ranged 
from 0 to 340, and the distribu on is shown in Fig 1. A total of 113 carcinomas stained 
posi vely for pepsinogen C, although there were clear differences among them with 
regard to intensity and percentage of stained cells. Thus, 21 tumors were weakly stained 
(HSCORE < 100), 55 were moderately stained (HSCORE < 200), and the remaining 37 were 
strongly posi ve for pepsinogen C. The mean HSCORE value was 76.7. Distribu on of 
pepsinogen C levels in rela on to a series of pa ent and tumor characteris cs, which 
included menopausal status, tumor size, axillary node involvement, histologic grade, and 



ER status of tumors, is listed in Table 1. Sta s cal analysis showed that pepsinogen C 
values were significantly correlated with both histologic grade and ER status of tumors. 
Thus, pepsinogen C levels were higher in well-differen ated (grade I, 89.1) and 
moderately differen ated (grade II, 88.5) tumors than in poorly differen ated (grade III, 
27.7) tumors (P < 0.001). Similarly, significant differences in pepsinogen C content were 
found between ER-posi ve and ER-nega ve tumors (85.9 v 41.2, respec vely; P < .05).  

These results pointed to a rela onship between pepsinogen C content and favorable 
outcome of breast cancer. To examine this hypothesis further, the poten al associa on 
between pepsinogen C immunostaining and relapse-free survival and overall survival 
was retrospec vely evaluated in 243 women included in the present study. First, we 
defined an op mal cutoff value by sta s cal analysis of the ability of pepsinogen C values 
to predict the relapse-free survival of the study popula on. This sta s cal analysis 
showed the occurrence of a con nuous associa on between HSCORE values and relapse 
rate (P < .0001 for HSCORE values between 0 and 150 and between 180 and 200; P < 
.001 for 160, 170, and 210; P < .01 for 220 and 230; and P < .05 for values between 240 
and 260). However, as shown in Fig 2, X2 analysis led us to define an HSCORE of 120 as 
the op mal cutoff (X2 = 34.7, P < .0001) with ability to iden fy 66.7% of pa ents as having 
lower or nega ve pepsinogen C values. Considering this cutoff value, relapse was 
confirmed in 81 of 162 pa ents (50%) with pepsinogen C-nega ve carcinomas, but only 
in 14 of 81 (17.3%) with pepsinogen C-posi ve tumors. Similarly, during the study period 
there were 55 deaths (34%) because of recurrence in pa ents with pepsinogen C-
nega ve tumors and six deaths (7.4%) in pa ents whose tumors showed posi ve 
immunostaining. Differences in both recurrence-free and overall survival were 
significant (P < .0001) (Fig 3). Univariate analysis showed that axillary lymph node 
involvement, tumor size, and histologic grade were also significantly associated with 
relapse and survival in our study popula on (Table 2). However, mul variate analysis 
according to Cox's model showed that pepsinogen C value was the most significant 
independent indicator of both relapse-free and overall survival (Table 3).  

Finally, since there is a need to iden fy addi onal prognos c markers in node-nega ve 
pa ents, women included in this study were subdivided into two groups by node status, 
and the possible rela onship between pepsinogen C levels and clinical outcome of 
disease was examined in both groups. In the node-posi ve group, relapse was confirmed 
in 55 of 89 pa ents (61.8%) with pepsinogen C-nega ve tumors and in seven of 36 
(19.4%) with pepsinogen C-posi ve tumors. On the other hand, during the study period, 
there were 43 deaths (48.3%) because of recurrence in pa ents with tumors stained 
nega vely for pepsinogen C and four deaths (11.1%) in those whose tumors produced 
this protein. These differences were significant at (P < .0001) (Fig 4). Similarly, in the 
node-nega ve group, relapse was observed in 26 of 73 pa ents (35.6%) with pepsinogen 
C-nega ve tumors, but only in seven of 45 (15.6%) with pepsinogen C-posi ve 
carcinomas. On the other hand, there were 12 deaths (16.4%) because of recurrence in 
pa ents with pepsinogen C-nega ve tumors and two deaths (4.4%) in pa ents with 
pepsinogen C-posi ve tumors. Sta s cal analysis showed that these differences were 
significant at P less than .005 and P less than .01 for relapse and survival, respec vely 



(Fig 4). Mul variate analysis confirmed that pepsinogen C was significantly associated 
with relapse-free survival and overall survival in both node-posi ve and node-nega ve 
groups (Table 3).  

 

DISCUSSION  

In this study, we report that pepsinogen C, a proteinase usually found in the stomach, is 
a new prognos c factor in breast cancer. Furthermore, our results indicate that 
expression of this proteinase by breast carcinomas confers a prognos c advantage to 
breast cancer pa ents. To our knowledge, this is the first report to show that a gastric 
proteinase may be of prognos c relevance in breast cancer.  

The present inves ga on originally aimed to extend our previous observa on that 
pepsinogen C immunostaining in breast carcinomas was sta s cally associated with 
histologic grade and ER status of tumors.15 Since these results pointed to a poten al 
value of pepsinogen C as a tumor marker, studies were undertaken to examine the 
existence of a puta ve correla on between pepsinogen C expression in breast tumors 
and clinical outcome of the disease. Results showed a significant rela onship between 
levels of this proteinase and both relapse-free survival and overall survival. In addi on, 
mul variate analysis demonstrated that the ability of pepsinogen C to predict clinical 
outcome was independent from a number of prognos c factors including tumor size and 
axillary nodal status. On the other hand, and considering the current need for addi onal 
predic ve markers in node-nega ve breast cancer pa ents,24 it is noteworthy that these 
differences in pepsinogen C levels were also significant in the subset of women without 
axillary lymph node involvement.  

The finding of a proteoly c enzyme apparently associated with lesions that have a 
favorable evolu on is somewhat counterintui ve and in marked contrast to most studies 
about prognos c significance of these enzymes in human tumors. However, several 
pepsinogen C proper es may provide biologic support to the clinical data presented 
herein. Thus, the observed rela onship between intratumoral levels of this proteinase 
and ER status seems to indicate that tumors that express pepsinogen C have an intact 
hormone receptor pathway. Consequently, extra-gastric expression of this proteinase 
may be a consequence of hormonal altera ons presumably associated with breast 
carcinomas, without causing any direct effect on the spread of cancer. A similar 
explana on has been proposed to jus fy the associa on between ssue-type 
plasminogen ac vator and breast tumors with good prognosis.25 Expression of 
pepsinogen C by breast carcinomas also shows an interes ng parallelism with pS2 
protein, a member of a family of spasmoly c pep des produced by normal stomach 
mucosa and by a subset of breast carcinomas, but not by normal duct mammary 
epithelium.26,27 Furthermore, high levels of pS2 protein are predic ve of favorable 
prognosis, which is probably related to the fact that this protein is a marker of estrogen 
responsiveness.28,29 The puta ve hormonal s mulus with the ability to induce 
pepsinogen C synthesis by mammary epithelium is presently unknown, but several lines 



of evidence point to the possibility that this mechanism is mediated by androgens rather 
than by estrogens, which are believed to play a major role in breast cancer.30 Thus, 
studies from different groups have demonstrated that human prostate, a characteris c 
androgen-dependent ssue, is able to produce large amounts of a pepsin zymogen 
closely related or iden cal to pepsinogen C.31-34 In addi on, it has been recently shown 
that proteins present in cyst fluid from women with gross cys c breast disease are 
induced by androgens in breast cancer cells.35-38 Since pepsinogen C is also present at 
significant levels in this pathologic breast fluid, it is temp ng to speculate that androgens 
can also be the sex steroids involved in its overproduc on by a subset of breast cancer 
cells. Consistent with this, recent experimental evidence from our laboratory indicates 
that pepsinogen C is induced by androgens in T-47D breast cancer cells (M. Balbin, C. 
López, unpublished results). A final considera on that could contribute to explain the 
fact that expression of this proteinase is not associated with lesions of poor prognosis 
comes from the observa on that pepsinogen C is secreted as a precursor of high 
molecular weight that requires ac va on at a low pH to display proteoly c ac vity. 14 
Since these acidic condi ons are difficult to achieve in the extracellular milieu, it seems 
unlikely that pepsinogen C became func onal as a degrada ve enzyme in breast cancer 
cells. Taken together, these data may provide an explana on for the results reported 
herein on the associa on between pepsinogen C expression in breast tumors and 
favorable prognosis. In rela on to this, the fact that this proteoly c enzyme is not 
synthesized by mammary epithelium under normal condi ons,14,15 together with its 
restricted expression in human ssues,3 strongly suggests that pepsinogen C may 
provide informa on addi onal to that given by other biochemical markers currently 
used in breast cancer. Further studies in different popula ons will be required to confirm 
the proposed value of pepsinogen C as a specific and independent prognos c factor to 
predict clinical outcome of breast cancer 

 

Supported by grants from Comisión Interministerial de Ciencia y Technologia, Madrid (SAL91-
0617) and Asociacidn Lucha Contra el Ccincer, Asturias, Spain. 

 

ACKNOWLEDGMENT  

We are grateful to Drs S. Gascón and M.C. Diez for support and Drs A. Fueyo and A. Ruibal 
for helpful comments. 

 

REFERENCES 

1. Lio a LA, Steeg PS, Stetler-Stevenson WG: Cancer metastasis and angiogenesis: 
An imbalance of posi ve and nega ve regula on. Cell 64:327-336, 1991  

2. Go esman M: The role of proteases in cancer. Semin Cancer Biol 1:97-160, 1990  

3. Ogilvie DJ, Hailey JA, Juacava SF, et al: Collagenase secre on by human breast 
neoplasms: A clinicopathologic inves ga on. J Natl Cancer Inst 74:19-27, 1985  



4. Monteagudo C, Merino MJ, San-Juan J, et al: Immunohistochemical distribu on 
of type IV collagenase in normal, benign, and malignant breast ssue. Am J Pathol 
136:585-592, 1990 

5. Basset P, Bellocq JP, Wolf C, et al: A novel metalloproteinase gene specifically 
expressed in stromal cells of breast carcinomas. Nature 348:699-704, 1990  

6. Sappino AP, Busso N, Belin B, et al: Increase of urokinase type plasminogen 
ac vator gene expression in human lung and breast carcinomas. Cancer Res 
47:4043-4046, 1987  

7. Sloane BF, Dunn JR, Honn KV: Lysosomal cathepsin B: Correla on with metasta c 
poten al. Science 212:1151-1153, 1981  

8. Chauhan SS, Goldstein LJ, Go esman MM: Expression of the cathepsin L in 
human tumors. Cancer Res 51:1478-1481, 1991 

9. Rochefort H, Capony F, Garcia M, et al: Estrogen-induced lysosomal proteases 
secreted by breast cancer cells. A role in carcinogenesis? J Cell Biochem 35:17-
29, 1987  

10. Sánchez LM, Ferrando AA, Diez-Itza I, et al: Cathepsin D in breast secre ons from 
women with breast cancer. Br J Cancer 67:1076-1081, 1993  

11. Spyratos F, Maudelonde T, Brouillet JP, et al: Cathepsin D: An independent 
prognos c factor for metastasis of breast cancer. Lancet 8672:1115-1118, 1989  

12. Tandon AK, Clark GM, Chamness GC, et al: Cathepsin D and prognosis in breast 
cancer. N Engl J Med 322:297-302, 1990  

13. Grondahl-Hansen J, Christensen IJ, Rosenquist C, et al: High levels of urokinase-
type plasminogen ac vator and its inhibitor PAI-1 in cytosolic extracts of breast 
carcinomas are associated with poor prognosis. Cancer Res 53:2513-2521, 1993   

14. Sánchez LM, Freije JP, Merino AM, et al: Isola on and characteriza on of a pepsin 
C zymogen produced by human breast ssues. J Biol Chem 267:24725-24731, 
1992  

15. Diez-Itza I, Merino AM, Tolivia J, et al: Expression of pepsinogen C in human 
breast tumors and correla on with clinicopathologic parameters. Br J Cancer 
68:637-640, 1993  

16. Bloom HJG, Richardson WW: Histological grading and prognosis in breast cancer. 
Br J Cancer 11:359-377, 1957  

17. Vaitukai s JL: Produc on of an sera with small doses of immunogen: Mul ple 
intradermal injec ons. Methods Enzymol 73:46-52, 1981  

18. Hsu SM, Raine ML, Fanger H: Use of the avidin-bio nperoxidase complex (ABC) 
in immunoperoxidase techniques. J Histochem Cytochem 29:577-580, 1981  

19. McCarty KS Jr, Szabo E, Flowers JL, et al: Use of a monoclonal an -estrogen 
receptor an body in the immunohistochemical evalua on of human tumors. 
Cancer Res 46:4244s-4248s, 1986 (suppl)  

20. Kaplan EL, Meier P: Nonparametric es ma on from incomplete observa ons. J 
Am Stat Assoc 53:457-481, 1958  



21. Mantel M, Myers M: Problems of convergence of maximum likelihood itera ve 
procedures in mul parameter situa ons. J Am Stat Assoc 66:484-491, 1971  

22. Cox DR: Regression models and life tables. J R Stat Soc B34:187-220, 1972  

23. Dixon WJ (ed): BMDP Sta s cal So ware. Release 1990. Berkeley, CA, University 
of California, 1986  

24. McGuire WL, Tandon AK, Allred DC, et al: How to use prognos c factors in axillary 
node-nega ve breast cancer pa ents. J Natl Cancer Inst 82:1006-1015, 1990  

25. Duffy MJ, Reilley D, O'Sullivan C, et al: Tissue-type plasminogen ac vator, a new 
prognos c marker in breast cancer. Cancer Res 48:1348-1349, 1988  

26. Rio MC, Bellocq JP, Daniel JY, et al: Breast cancer-associated pS2 protein: 
Synthesis and secre on by normal stomach mucosa. Science 241:705-709, 1988 

27. Rio MC, Bellocq JP, Gairard B, et al: Specific expression of the pS2 gene in 
subclasses of breast cancers in comparison with expression of the estrogen and 
progesterone receptors and the oncogene ERBB2. Proc Natl Acad Sci USA 
84:9243-9247, 1987  

28. Foekens JA, Rio MC, Seguin P, et al: Predic on of relapse and survival in breast 
cancer pa ents by pS2 protein status. Cancer Res 50:3832-3837, 1990  

29. Foekens JA, van Pu en WLJ, Portengen H, et al: Prognos c value of pS2 and 
cathepsin D in 710 human primary breast tumors: Mul variate analysis. J Clin 
Oncol 11:899-908, 1993  

30. Dickson RB, Lippman ME: Estrogenic regula on of growth and polypep de 
growth factor secre on in human breast carcinoma. Endocr Rev 8:29-43, 1987  

31. Chiang L, Contreras L, Chiang J, et al: Human prosta c gastricsinogen: The 
precursor of seminal fluid acid proteinase. Arch Biochem Biophys 210:14-20, 
1981  

32. 3Rid WA, Vongsorak L, Svas  J, et al: Iden fica on of the acid proteinase in 
human seminal fluid as a gastricsin origina ng in the prostate. Cell Tissue Res 
236:597-600, 1984  

33. Reese JH, McNeal JE, Redwine EA, et al: Differen al distribu on of pepsinogen II 
between the zones of the human prostate and the seminal vesicle. J Urol 
136:1148-1152, 1986  

34. Szecsi P, Koch C, Foltmann B: Seminal pepsinogen C is not iden cal with, but is 
very similar to gastric pepsinogen C. FEBS Le  238:101-104, 1988  

35. Chalbos D, Haagensen D, Parish T, et al: Iden fica on and androgen regula on of 
two proteins released by T47D human breast cancer cells. Cancer Res 47:2787-
2792, 1987  

36. Haagensen DE, Stewart P, Dilley WG, et al: Secre on of breast gross cys c disease 
fluid proteins by T47D breast cancer cells in culture-modula on by steroid 
hormones. Breast Cancer Res Treat 23:77-86, 1992  

37. Simard J, Dauvois S, Haagensen DE, et al: Regula on of progesterone-binding 
breast cyst protein GCDFP-24 secre on by estrogens and androgens in human 



breast cancer cells: A new marker of steroid ac on in breast cancer. 
Endocrinology 126:3223-3231, 1990  

38. López-Boado YS, Diez-Itza I, Tolivia J, et al: Glucocor coids and androgens up-
regulate the Zn-α2-glycoprotein messenger ribonucleic acid in human breast 
cancer cells. Breast Cancer Res Treat 29:247-258, 1994  

39. Samloff IM: Pep c ulcer: The many proteinases of aggression. Gastroenterology 
96:586-595, 1989 

  



Table 1. Pepsinogen C HSCORE in Tumor Tissues Classified According to Different 
Characteris cs 

 

 
 

 

  



Table 2. Univariate Analysis of Associa on of Pepsinogen C With Relapse-Free and 
Overall Survival 

 

 
  



Table 3. Mul variate Analysis of Associa on of Pepsinogen C With Relapse-Free and 
Overall Survival 

  

 
  



 
 

Fig 1. Distribu on of HSCORE values obtained by immunohistochemical staining of 
pepsinogen C in 243 human breast carcinomas. 

  



 
 

Fig 2. Determina on of cutoff value for pepsinogen C in predic on of relapse-free 
survival in breast cancer. The X2 values obtained for each cutoff value are plo ed against 
the value itself. 

  



 
Fig 3. Relapse-free and overall survival as func on of pepsinogen C values in pa ents 
with breast cancer. Mean follow-up period was 48.5 months. Differences in relapse-free 
and overall survival curves were significant at P < .0001. 

  



 
Fig 4. Relapse-free and overall survival as func on of pepsinogen C values in breast 
cancer pa ents classified according to axillary node status. Differences in relapse-free 
and overall survival curves in node-posi ve group were significant at P < .0001, whereas 
in the node-nega ve group, differences in reôlapse-free survival were significant at P < 
.005, and in overall survival at P < .01. 




