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Microvessel Count, Proliferating Cell Nuclear Antigen
and Ki-61 Indices in Gastric Adenocarcinoma*
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The aim of the present study was to immunohisto- were used for statistical analysis. The results showed
chemically investigate the prognostic value of neothat, MVC and PLI had a significant correlation with
vascularization (expressed as microvessel countinvasion and lymph node metastasis. The prognosis
MVC) and tumor cell proliferation (expressed as was significantly worse in patients with high MVC
PCNA labeling index - PLI and Ki-67 labeling index
(>14) and with high PLI (>49%). However any rela- KLI) in gastric adenocarcinoma. Correlations with tionship was not observed between KLI (38%) and
clinicopathologic features were also evaluated.
clinicopathologic parameters, so KLI failed to predict
Tumor specimens from 74 patients diagnosed as gasthe prognosis. Cox model showed that, MVC and PLI
tric adenocarcinoma were included in this study. For- were independent prognostic variables. Ki-67 labelmalin fixed, paraffin embedded tissue sections ing index in gastric carcinomas has no prognostic relstained immunohistochemically with F-VIII, PC10
evance. However, the evaluation of microvessel
and MIB-I monoclonal antibodies. By ocular grid count and proliferating cell nuclear antigen index in
subdivided into 100 areas, number of microvessels gastric carcinomas could be reliable indicators of
and PC10, MIB-l positive and negative cells were
prognosis. (Pathology Oncology Research Vol 6, No 1,
counted at x400 magnification. Chi-square test,
59-64, 2000)
Kaplan-Meier method and cox regression analysis
Keywords: microvessel count, angiogenesis, proliferation, gastric carcinoma

Introduction

Quantitative histological studies revealed that intratumoral neovascularization, as assessed by mlcrovessel density and, cell proliferative kinetics are important deterrninants of tumor behaviour and prognosis. I ,9, II ,30,41
In gastric adenocarcinomas,a correlation between the
extent of microvessel density and clinical outcome has
been demonstrated. 24 ,35,42 However, determination of proliferation index in gastric adenocarcinomas by using Ki67 antigen or proliferating cell nuclear antigen (PCNA)
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showed differences in their relationship with clinicopathologic factors and prognosis. 4,5,19,23,25
The objective of this study was to investigate tile prognostic Significance of neovascularization (expressed as
microvessel count-MVC) and tumor cell proliferation
(expressed as PCNA labeling index, PLI, and Ki-67 labeling index, KLI) in gastric adenocarcinomas and to determine the correlation of these parameters with clinicopathologic features.
Materials and Methods

A total of 74 cases of gastric adenocarcinoma were
included in this study. The patients had undergone subtotal or total gastrectomy combined with lymph node dissection or palliative resection at the Department of
Surgery, Akdeniz University, Antalya from 1989 to 1997.
The median age of the 42 men was 54 years (range 29-74
years) at the time of operation, and that of the 32 women,
59 years (range 32-65 years). Survival data were available
on all patients and were obtained from case records.
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Figure 1. Immunohistochemical staining of endothelial cells for
FVIII-related antigen in gastric carcinoma tissue (x 400).

Figure 2. pelO immunohistochemical staining of gastric carcinoma. nuclear positivity (x 400)

Twenty-nine of 74 patients (31,9%) have survived,with a
mean survival duration of 49 months (range 32 to 62
months). Fourty five cases died in 2 to 44 months (mean,
20 months). Peritoneal metastasis occurred in 23 patients.
Fourteen were detected at tile time of surgery and 9 developed after surgery. Eleven liver metastases were observed
at the time of operation and 18 developed during the follow-up. Three lung, two brain and four bone marrow
metastases were occurred.
Histologic classification and evaluation of tumor stage
were performed according to Lauren's20 and IDCC/AjCC 13
classification, respectively. Four ~lm thick hematoxylin and
eosin stained tissue sections from the surgical specimens
fixed in 10% formalin and embedded in paraffin were
reviewed and representative tissue blocks were selected.
Sections were deparaffinized and heated in a microwave
oven for 10 minutes to retrieve antigens. Slides were
immunostained with FYIII-Rag (F8/86, dilution 1:25,
Dako, Glostrup, Denmark), Ki-67 (MIB-1, dilution 1:80,
Immunotech, Marseille, France) and PCNA (PClO, dilution

Figure 3. MIB-l inillJUnohistochemical staining of gastric carcinoma, nuclear positivity (x 400)

1:50, Dako) monoclonal antibodies by the avidin-biotin
immunoperoxidase technique. Finally, all slides were treated with DAB reagent to develop color and counterstained
with hematoxylin. Slides were interpreted for MYC, KLI
and PLI by a pathologist who had no knowledge of the clinicopathologic data.
For determination of MYC, the stained sections were
screened at low power (xl00) to identify the areas of the
highest vascularization within the tumor. Microvessel
counts were performed at x400 magnification by using an
ocular grid subdivided into 100 areas in four fields of
vision. s Assessment of PLI and KLI were performed at the
highest proliferative areas. In each case positive and negative nuclei were counted at x400 magnificaton. KLI and
PLI were calculated as the percentage of positive tumor
cells relative to tile total number of cells counted .
Chi-square was used to compare frequencies. The difference in numerical data between two groups was analyzed by using Mann-Whitney U test. Correlations among
various parameters were tested by calculating Spearman's
correlation coefficient. Survival was calculated from the
day resection was performed to the day of deatil or the day
of last follow-up. Univariate and multivariate survival
analysis were performed by using Kaplan-Meier method
and Cox regression analysis, respectively. A significance
level of 0.05 was used throughout the analysis.
Results

All endothelial cells were stained with anti-F-YIII-Rag
antibody (Figure 1). Vascularization was most frequently
observed at the invasive proportions of tumors. Ki-67 and
PCNA immunostaining were diffuse or granular and confined to the nucleus (Figure 2 and 3). Table 1 shows mean,
standard deviation and range of values for MYC, PLI and
KLI. Cases were also divided into two groups according to
the median value of MYC, PLI and KLI for further analysis.
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Table 1. MVC, PLI , KLI and stages (S)
MVC

All cases
SI
SII
SII
SIV

PLI

Mean

Median

SD

Range

18.1
10.8
14.3*
15.7
29.2

14
12
15
15
23

6.2
2.9
4.3
3.5
7.4

7-48
7-25
8-27
8-33
9-48

Mann Whitney
U-test
n.s.not significant

Mean
57.8
39.5
58.7**
62.6***
69.9

p<0.05
*S II vs. S III n.s.

KLI

Median

SD

Range

Mean

Median

SD

Range

49
36
52
61
67

21.6
8.4
15
21.9
21.8

11-94
11-42
21-53
34-81
37-94

42.6
40.7
41.1
43.6
44.8

38
36
40
38
42

17.2
11.6
14.3
16.2
18.7

9-82
9-61
7-68
27-82
33-82

p>0.05

p<0.05
**S II vs. S III and S IV n.s
***S IIvsS IVn.s.

II, III and IV disease, and this difference was significant
(p<O,05). However, mean MVC of stage II disease was not
different from MVC of stage III (Table 1).
High PLI was correlated only with lymph node metastasis and serosal invasion (Table ~. Mean PLI among
patients with stage I disease was less than those with
stage II, III and IV disease (p<O,05) (Table 1). However
PLI was not different in stage II, III and IV disease. Any

The hypervascu1ar group consisted of 45 tumors with
MVC 14 or higher, and hypovascu1ar group consisted of
29 tumors with MVC less than 14. Lymph node metastases, serosal invasion, peritoneal and liver metastases
were more frequent in hypervascu1ar group (p<O,05)
(Table~. Stage III and IV tumors were more frequent in
hypervascu1ar group. According to Mann-Whitney-U test
mean MVC in stage I disease was lower compared to stage

Table 2. Correlation between MVC, PLI, KLI and clinicopathologic factors
Clinicopathologic
factors

Hypovascular Hypervascular p
(n : 29)
(n : 45)
value

Age a

48 ± 11.5

46 ± 14.4

ns"

Low PLI
(n: 27)

High PLI
(n: 47)

P
value

49 ± 16.3

53.8 ± 19. 1

ns"

50.8 ± 16.4 47.6 ± 13.2

P
value
ns"

25/19

ns c

ns h

6.8 ± 3.1

6 ± 2.9

ns h

24123

ns c

14/16

23/21

ns c

17/10

15/32

0.009 c

11/19

21/23

ns c

ns c

19/8

27120

ns c

18/12

28/16

ns c

41/4

ns c

22/5

41/6

ns c

25/5

38/6

ns c

Lymph node metastasis
(absent!present)
21/8

10/35

O.OOOl c

18/9

13/34

0.001 c

10/20

21/23

ns c

Peritoneal metastasis
(absent! present)

26/3

25/20

0.002 c

17/10

34/13

ns c •

19/11

32/12

ns c

Liver metastasis
(absent!present)

23/6

22/23

0.009 c

15/12

30/17

ns c

18/12

27/17

ns c

14/13

28/19

ns

ns h

7.3 ± 2.8

8.9 ± 3.7

21/24

ns c

13/14

20/9

12/33

0.0001

LymphatiC invasion
(absent!present)

13/16

33/12

Venous invasion
(absent! present)

22/7

14/15

28/17

ns

Tumor diameter"

6.4± 2.3

7.8 ± 4.7

Histologic type
Intestinal/diffuse

16/13

Serosal invasion
(absent!present)

C

" mean ± standart deviation, ns : not significant.
b p values were evaluated by using the Mann-Whitney U-test
, p values were evaluated by using the Chi-square test
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c

High KLI
(n: 44)

17/13

Gender (male/female)

c

Low KLI
(n: 30)
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Figure 4. Survival curves according to MVC status. Patients
were stratified by median microvessel count of series.
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Figure 5. Survival curves according to PLI status. Patients
were stratified by median microvessel count of series.
correlation between KLI and clinicopathologic factors
was not detected.
Spearman correlation test revealed a strong correlation
between MVC and PLI (r=0,617). However, we failed to
find a significant correlation between KLI and PLI
(r=0,012).
Univariate analysis based on the log rank test revealed
that the prognosis of patients in hypervascular group was
significantly worse than hypovascular group. The 5-year
survival rates of the hypovascular and hypervascular groups
were 71 % and 20%, respectively (Figure 4). Similarly
5-year survival rate of patients in low PLI group (64%) was
significantly better than high PLI group (22%) (Figure 5).
In addition to MVC and PLI, the prognosis of the patients
was adversely affected by serosal invasion, lymph node
metastasis, peritoneal and liver metastases. (Table 3). Multivariate analysis with covariates that showed statistical significance in the univariate analysis, MVC and PLI were
found to be independent prognostic factors in addition to
liver metastases (Table 3).

Neovascularization is an important step in metastasis of
solid tumors. 1,9,11 Many studies have demonstrated that the
degree of tumor angiogenesis is correlated with increased
risk of metastasis and clinical outcome in a number,
including gastric carcinomas. 21,35,36.12 The results of our
investigation confirm the association of high microvessel
counts in gastric adenocarcinoma witll the presence of
metastasis and survival. In our study microvessels were
highlighted by using F-VIII-Rag and the mean MVC was
18 ± 6,2. This value was lower when compared to the
results of the studies performed on gastric carcinomas
which evaluated tumor vascularization using antibodies
against CD31 and CD34. 1435 ,36 Although with tllese antibodies it is possible to detect a greater number of
microvessels than F-VIII-Rag, this does not exclude the
significance of our findings tllat showed a close correlation between MVC and the presence of metastasis and survival in gastric carcinoma.
In this study higher microvessel count was significantly
associated with parameters of advanced disease. Hypervascular tumors were more frequent in cases with nodal and
serosal involvement than in those without. In addition,
microvessel count increased with histologic stage, suggesting that enhanced vascular supply might reflect an increased
malignant potential. In our series, the prognosis of patients
with hypovascular tumor was more favorable than the
hypervascular ones (p < 0,005). Furthermore, multivariate
analysis showed that microvessel count was a significant
and independent prognostic factor to predict the probability
of survival. Tumors that developed liver and peritoneal
metastases were more frequent in hypervascular group.
Although tumor angiogenesis is not the only factor responsible for metastasis, our data support previous reports showing that microvessel count is a valuable predictor of distant
metastasis in patients with gastric carcinomas. 2>l,35.36
It is well established that, beside angiogenesis, cell proliferative kinetics are also important to predict tlle biolog-

Table 3. Multivariate analysis indicating independent
factors correlated with survival in patients with gastric
carcinoma
Multivariate analysis
Variable

Regression coefficient

p value

Risk Ratio

1.2723
0.9090
0.7923

0.0071
0.0130
0.0425

3.545
2.387
2.173

Liver
metastasis"
MVC"

Pur
absent vs. present
b<14 vs. ::>14
'<49 vs. ::>49
a
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ical behaviour of tumors. Many studies have been
adressed that higher tumor proliferative rates assessed by
various tecniques. correlate with increased risk of metastasis and clinical outcome in a number of malignancies.18273334 However previous reports on the evaluation of
cell proliferation by using Ki-67 and proliferating cell
nuclear antigen ( PCNA) in gastric carcinomas, revealed
discordant results.4,5,16,17,19,23,25,28,43
Although a significant relation between KLI and wall
invasion or nodal metastasis has been observed in a few
studies,16)8 most investigators have not demonstrated a
relationship between KLI and clinicopathologic factors in
patients with gastric carcinomas.1,5,19,13 In our study, KLI
was not associated with clinicopathologic factors, such as
lymph node metastasis, serosal or venous vessel invasion.
We found no difference between KLI of diffuse and intestinal type carcinomas. A higher KLI has been described in
intestinal type carcinomas. 'G ,4o However in more recent
studies no Significant difference was observed between the
KLI of these two histological subtypes. 2931 Survival of
patients with high and low KLI in our series was not different. Therefore,the results of our investigation show that
KLI fails to demonstrate any correlation with clinicopatologic parameters and has no prognostic relevance in
patients with gastric carcinomas.
On the other hand, our PLI findings are in accordance
with those reported by many investigators have who
observed a Significant relation between PLI and clinicopathologic factors as well as prognosis, in gastric
tumors. 15 ,17,2j In our study high PLI correlated with the
presence of lymph node metastases and serosal invasion
as well as advanced stages. Moreover, patients with higher PLI , had significantly poorer prognosis, and PLI was
found to be effective as a prognostic factor.
In this study the mean PLI was higher than KLI and the
correlation between these two proliferation markers was not
significant (r=0.021). Many other studies have also failed
to demonstrate a correlation between PCNA and Ki-67
indices in different tumors as well as in gastric carcinomas. 12 ,18,21,26,32 These findings might be attributed to a number of factors, as previously described. It is sugessted that
Ki-67 might act as a timer molecule in the regulation of cell
proliferation but at present its exact role is unknown. 2 This
antigen is expressed during the cell cycle, but not present in
quiescent cells (Go) and its amount varies during cell proliferation. 1O ,32 Moreover, nutrient supply could influence Ki67 antigen expression, leading to considerable variations in
the expression in different parts of a tumor. G On the other
hand, PCNA is identified as an auxilIary protein of DNA
polymerase delta that is directly involved in DNA repair
and replicationY s The long half life of this antigen results
in detection of cells that have recently left the cycle and
might contribute to the detection of greater number of cells
than Ki-67. 3 Rosa et al 32 found no relationship between the
Vol 6. No 1. 2000
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indices of these two proliferation markers in gastric carcinoma pointed out that the most likely explanation for this
finding is the marked heterogeneity of these tumors.
No correlation between angiogenesis and KLI was
detected in this study, corresponding with the data of a
previons study on gastric carcinoma using Ki-67. 22 The
correlation of angiogenesis with proliferation has been
investigated in different tumors. In the gastrointestinal
system, a strong association between MVC and proliferation has been reported in both ora1 37 and colorectal 39 carcinomas. Regarding gastric carcinomas, the correlation
between MVC and proliferation was investigated by using
Ki-67 antigen in one study and no relationship was detected. 22 It was suggested that MVC and proliferation are independent. However, in our study a correlation between
angiogenesis and PLI, an interesting finding, that contradicts the independence of angiogenesis and proliferation
reported in previous studies, was detected.
Although our data remains to be elucidated in further
large scale studies, our study shows that when proliferation and angiogenesis are to be compared in gastric adenocarcinomas many markers and methods should be used.
We conclude that microvessel count and proliferating
cell nuclear antigen labeling index are independent prognostic factors in gastric adenocarcinomas and that Ki-67
labeling index has no additional prognostic information.

References
l.'BickIlell R HaITis AI: Novel growth regulatory factors and
tumor angiogenesis. Em] Cancer 27:781-74, 1991.
2.'BraUII N, Papadopoulos, Muller-HeI711eliIlk HK Cell cycle
dependent distribution of the proliferation-associated Ki-67
antigen in human emb1yonic lung cells. Virchows Archiv Cell
Pathol 56: 25-33, 1988.
3.'Bravo R MacDoIlald-Bravo H: Existence of two populations of
cyclin/proliferating cell nuclear antigen during cell cycle: association with DNA replication sites. ] Cell Bioi 105:1549-54,
1987.
42 Briell Tp, Depowski PL, Sheehall CE: Prognostic factors in gastric cancer. Mod Pathol 11:870-877, 1998.
52 Broll R, Mahlke C, Best R, et a1: Assessment of the proliferation
index in gastric carcinomas with the monoclonal antibody MIB
1. ] Cancer Res Clin OncoI124:49-54, 1998.
6 2 BroWll DC, Galler KC: .Monoclonal antibody: Its use in
histopathology. Histopathology 17:489-503, 1990.
7 2 Celis J, Madsell P: Increased nuclear cyclin/PCNA antigen
staining of non-S phase transformed human amnion cells
engaged in nucleotide excision DNA repair. FEBS Lett
209:277-283, 1986.
8.'de JOllg J5, vall Diest Pl Baak JP: Heterogeneity and reproducibility of microvessel counts in breast cancer. Lab Invest 73:
922-926, 1995.
9.'Fo1klllall 1: What is the evidence that tumors are angiogenesis
dependent? ] Nat! Cancer Inst 82:4-6, 1990.
10.' Gerdes 1 Schwab U, Lelllke H: Production of a mouse monoclonal antibody reactive with a human nuclear antigen associated with cell proliferation. IntJ Cancer 31: 13-20, 1983.

64

ELPEK et al

11. Hall PA, Levillsoll DA: Review: assessment of cell proliferation
'in histological materia!. J Clin PathoI43:184-192, 1990.
12. Hall PA, Levisoll DA, Hbod AL: Proliferating cell nuclear anti'gen (PCNA) immunolocalization in paraffin sections: an index
of cell proliferation with evidence of deregulated expression in
some neoplasmas. J Pathol 162:285-94, 1990.
13. Hermalleck P, Sobill LH' IUCC classification of malignant
'tumors. Springer-Verlag Publ Co, Berlin ,1992.
14. Ikeguchi M, Cai J, JfJmalle N' Clinical significance of sponta'neous apoptosis in advanced gastric adenocarcinoma. Cancer
85:2329-2335,1999.
15. Illada Imura 1, Ichikawa A: Proliferative activity of gastric
'cancer assessed by immunostaining for proliferating cell
nuclear antigen. J Surg Oncol 54:146-152, 1993.
16. Kakeji J;' Korellaga D, Tsujitalli S: Predictive value of Ki-67 and
'argyrophylic nucleolar organiseI' region staining for lymph node
metastasis in gastric cancer.Cancer Res 51:3503-3506,1991.
17. Kaktji J;' Maehara J;' Adachi 1:' Proliferative activity as a prog'nostic factor in Borrmann type 4 gastric carcinoma. Br J Cancer 69:749-753, 1994.
18. Kawai Suzuki M, KOllO S: Proliferating cell nuclear antigen
'and Ki-67 in lung carcinoma: Correlation with DNA flow cytometric analysis. Cancer 74:2468-2475,1994.
19. Kikuyama S, Kubota Shimizu K: Ki-67 antigen expression in
'relation to clinicopathological variables and prognosis in gastric cancer. Oncol Rep 5:867-870, 1998.
20. Laurell P. The two histological main types of gastric carcino'ma: an attemp at a histo-clinical classification. Acta Pathol
Microbiol Scand 64:31-39, 1965.
21. Leollardi E, Girlalldo 50 Serio C: PCNA and Ki67 expression in
'breast carcinoma: Correlation with clinical and biological variables. J Clin Pathol 45:416-9,1992.
22. Lu C, Talligawa N: Spontaneous apoptosis is inversely related
'to intratumoral microvessel density in gastric carcinoma. Cancer Res 57:221-224, 1997.
23. Maeda K CJlUllg J;' Olloda N: Proliferating cell nuclear antigen
'labeling index of preoperative biopsy specimens in gastric carcinoma with special reference to prognosis. Cancer 73:528-33, 1994.
24. Maeda K ChUllg J;' Takatsuka S: Tumor angiogenesis as a pre'dictor of recurrence in gastric carcinoma. J Clin Oncol 13:477481. 1995.
25. Mallgham DC, Rowlallds DC, Newbold KM: Expression of pro'liferating cell nuclear antigen (PCNA) in gastric carcinoma: no
evidence for prognostic value. J Clin PathoI47:473-474, 1994.
26. Moriki Takahashi Kataoka H: Proliferation marker MIB-l
'correlates well with proliferative activity evaluated by BrdU in
breast cancer:An immunohistochemical study including correlation with PCNA, p53, c-erbB-2 and estrogen receptor status.
Pathol lnt 46:953-961, 1996.
27. Okazaki N, Jbsbillo M, Jbshida T Evaluation of the prognosis
'for small hepatocellutar carcinoma based on tumor volume
doubline time. Cancer 63:2207-2210,1989.

r

r

r

r

r

r

28. Oya M, liio Nagai E: Metastasizing intramucosal gastric car'cinomas. Well differentiated type and proliferative activity
using proliferative cell nuclear antigen and Ki-67. Cancer
75:926-35, 1995.
29. POI'chell R, Kliegel A, Lallgell C: Assessment of proliferative
'activity in carcinomas of the human alimentary tract by Ki-67
immunostaining. lnt J Cancer 47:686-696, 1991.
30. QUillll CM, Wright NA: The clinical assessment of proliferation
'and growth in human tumours: Evaluation of methods and
applications as prognostic variables. J PathoI160:93-102, 1990.
31. Ramires M, David L, Leitao D: Ki-67 Labelling index in gastric
carcinomas. An immunohistochemical study using double
staining for the evaluation of the proliferatif activity of diffusetype carcinomas. J Pathol 182: 62- 67, 1997
32. Rosa JC, Melldes R, FiIipe MI: Measurement of cell prolifera'tion in gastric carcinoma: comparative analysis of Ki-67 and
proliferative cell nuclear antigen (PCNA). Histochem J 24:93101, 1992.
33. Rudas M, GIlaIlt MFX, Mittlboeck M: Thymidine labeling index
'and Ki-67 growth fraction in breast cancer: Comparison and
correlation with prognosis. Breast Cancer Res Treat 32:165-75,
1994.
34. Schutte B, Reyllders Ml, Wiggers T: Retrospective analysis of the
'prognostic significance of DNA content and proliferative activity in large bowel carcinoma. Cancer Res 47:5494-5496, 1987.
35. Talligawa N, Am"!ya N, Matsumura M Extent of tumor vascu'larization correlates with prognosis and hematogenous metastasis in gastric carcinomas. Cancer Res 56:2671-2676, 1996.
36. Talligawa N, Am"!ya H, MatSll111ll1'a M Association of tumour
'vasculature with tumour progression and overall survival of
patients with non-early gastric carcinomas. Br J Cancer 75:566571, 1997.
37. Tipoe GL, Jill f White PH: The relationship between vascularity
'and cell proliferation in human normal and pathological lesions
of the oral cheek epithelium. Eur J Cancer 1:24-31, 1996.
38. Toschi L, Bravo R: Changes in cyclin/PCNA distribution during
'DNA repair synthesis. J Cell Bioi 107:1623-1628, 1988.
39. VeI111eulell PE, Verhoevell D, Hubells G: Microvessel density,
'endothelial cell proliferation and tumor cell proliferation in
human colorectal adenocarcinomas. Ann OncoI6:59-64, 1995.
40. VictOrzOIl M, Roberts Pl, Hallglulld C: Ki-67 immunoreactivi'ty, ploidy and S-Phase fraction as prognostic factors in patients
with gastric carcinoma. Oncology 53:182-191, 1996.
41. !1eidller N: Tumor Angiogenesis: Review of current applica'tions in tumor prognostication. Semin Diag Patho!. 10:302-313,
1993.
42. Xiallgmillg C, Hokita S, Natsugoe S: Angiogenesis as an unfa'vorable factor related to lymph node metastasis in early gastric
cancer. Ann Surg Oncol 5:585-589, 1998.
43. JfJllemura J;' Ohyama 50 Sugiyama K: Growth fractions in gas'tric carcinomas determined with monoclonal antibody Ki-67.
Cancer 65:1130-1134, 199.

PATHOLOGY ONCOLOGY RESEARCH

