































































































































































































































































































stroma (5,20,39). However, in most, prognostic significance
has been attributed to cytological features (9,27,30,38).
Combinations of both histological and cytological features
form the basis of yet other systems. Also, in some studies,
cytological features are examined by use of morphometry
(9,12) .

To investigate the degree of reproducibility, we have
examined the interobserver variation of five grading systems
in current use. Two methods, described by Broders (7) and
Brawn (M.D. Anderson Hospital) (6), were chosen as their
prognostic value 1is predominantly based wupon histological
criteria. The method described by Gleason (16,18,20,22,25,37)
was included for its general reputation and the attention
given to both growth characteristics and interaction of tumor
with the surrounding stroma. To incorporate a system that
utilizes cytological features as a prcgnostic indicator, the
method of Mostofi was selected (27,28). Finally, a recently
introduced method described by Schroeder and Mostofi was
included (33,34,35). The 1latter system was based upon a
retrospective multivariate analysis of a large number of
histological and cytological criteria.

MATERIALS AND METHODS

Patients and Materials

Out of 464 patients of the original series of Belt and
Schroeder (1930-1970), who had total perineal prostatectomy
for 1limited prostatic cancer, 50 patients were randomly
selected (4,32). Average age at the time of surgery was
66 years, ranging from 48 to 83 years. The mean period of
follow-up lasted for 125 months, ranging from 8 to 317 months.
The survival curves and curves of time interval until first
recurrence for the 50 patients included in this grading study
did not differ significantly from that of a much larger random
selection in the series of Belt and Schroeder. None of the
50 patients of this study were lost to follow-up. In some of
these cases the histology was not optimal. These 50 patients
are a random selection of those previously graded by Mostofi
and Schroeder (33,34,35), one of the few series to date with a
follow-up of more than 10 years. The data recorded by Mostofi
were also utilized for statistical analysis.

Prostatectomy specimens were fixed in a buffered 4%
formaldehyde solution, and sectioned in a stepwise fashion.
All sections were routinely stained with hematoxylin and eosin
and an average of 4 slides per case was available for
histological examination. The number of slides per prosta-
tectomy specimen varied from 2 to 11. The number of slides in
which tumor was present varied from 1 to 9 (mean: 3).
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Grading systems

The 50 cases were evaluated by five pathologists using
five grading systems in common use. The major criteria as
well as the scoring systems are summarized briefly in Table 1
(6,7,18,25,27,33,34,35).

The final Gleason score was assessed by the total of the
scores of the two quantitatively predominating growth
patterns. In those tumors in which only one growth pattern
was recognized, the value of the growth pattern selected was
doubled. For statistical compilation as proposed in the
literature (2,14), Gleason scores were rearranged in 3 main
grades (or groups) in the following manner: specimens assigned
as Gleason sum 2, 3, and 4 tumors were included in grade 1;
tumors with Gleason scores 5, 6, and 7 in grade 2 and those
with Gleason scores 8, 9, and 10 in grade 3. This is referred
to as the modified Gleason grading method.

The grading method described by Schroeder and Mostofi was
originally developed using 346 cases from the series of Belt
and Schroeder (4,32). After collecting both cytological and
histological features, they performed a retrospective
multivariate analysis and were finally able to distinguish
five categories of prognostic significance, predominantly
based upon combinations of glandular differentiation, degree
of nuclear anaplasia, and mitotic activity (33,34,35). The
50 patients included in the present study are a random
selection of those previously graded by Mostofi and Schroeder.
The data recorded by Mostofi were also utilized for
statistical analysis.

Statistical analysis

Data was analyzed by calculating a measure of agreement
among the five pathologists for each grading system. For most
grading methods included in this study "standard" scores
assigned by referee pathologists were not available.
Therefore, weighted kappa coefficients were calculated as the
best parameter of interobserver agreement. In order to
incorporate the ordinal scales of the grading systems and to
make the agreement of assessments for each system comparable,
the so-called weighted kappa (k) coefficients were used
together with quadratic disagreement weights (31).

RESULTS

Grading results obtained for all five methods are
summarized in Tables 2 and 3. Table 2 presents the number of
scores assigned by all pathologists to each grade for the five
different methods evaluated in this study. A total of
250 scores per method were available (5 pathologists and
50 specimens). For the Mostofi and Mostofi-Schroeder methods,
referee scores recorded by Mostofi himself were available and
added to this table.

Table 3 presents data related to the measure of agreement
and disagreement for each grading method.
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Table 1. Major grading criteria of the five systems evaluated in this
study

Broders (1926) (ref. 7)

Grade 1 100%-75% glandular differentiation; 0%-25% undifferentiated
Grade 2 75%-50% glandular differentiation; 25%-50% undifferentiated
Grade 3 50%-25% glandular differentiation; 50%-75% undifferentiated
Grade 4 0%-25% glandular differentiation; 100%-75% undifferentiated

Gleason (1966 ref. 18,19,20

Pattern 1 well-differentiated, small, closely packed, uniform glands
in essentiall c1rcums<_:r1bea masses |, ., .

Pattern 2 similar to tern 1 with moderate varjation in shape and
size of glands and more atypia in the tumor cells; more
loosely ed though still Circumscribed | .

Pattern 3 similar to pattern 2 with marked irregularity in_  size and
shape, of glands with small glandS or ihdividual cells

invading the strama
Pattern 4 ra%gedl infiltrating, fused glandular tumor,  fregquently
wi pai’e cells, may resemble {gernephrorma of kidney
minimal 1 ar

Pattern 5 apgplastic | car¢inoma | wi . .9
differentiation, diffusely infiltrating prostatic Stroma

Mostofi (1975) (ref. 27)

Grade 1 glandular _differentiation with slight nuclear anaplasia

Grade 2 glandular differentjation with moderate nuclear anaplasia

Grade 3 glandular differentiation with marked nuclear anaplasia or
undifferentiated tumor

Brawn (M.D. Anderson, 1982) (ref. 6)

Grade 1 75%-100% glandular differentiation; £ 0%-25% of the tumor does
not form glands. Excluded are cribriform-papillary tumors

Grade 2 50%— 75% glandular differentiation; 25%-50% of the tumor does
not form glands. Included are tumors consisting of 50% or
more of a crlbrlfomT%efxplllaJ;:y pattern

Grade 3 25%- 50% glandular differentiation; 50%-75% of the tumor does
not form glands. . L. ) .

Grade 4 0%+ 25% glandular differentiation; the remainder is
urdifferentiated

Schroeder/Mostofi (1985) (ref. 33,34,35)

Class 1 glarxliular differentiation, absence of mitoses, slight nuclear
anaplasia
Class 2 glagdular differentiation, absence of mitoses, moderate
nuclear anaplasia L. . . L. .
or: glandular differentiation, mitotic activity, slight
or: undifferentiated tumor _or cribriform th variant,
.of mitoses and slight nuclear anaplasia. .
Class 3 glandular differentiation and mitotic activity combined with
moderate or marked nuclear anaplasia .
or: glandular differentiation, absence of mitoses, marked
nuclear anaplasia . .
or: undifferentiated or cribriform growth variant, absence of
mitoses, moderate anaplasia .
or: undifferentiated or cribriform ?rcwth variant, presence
.of mitoses, slight nmuclear anaplasia .
Class 4 undifferentiated tumor or cribriform growth variant, absence
of mitoses, marked nuclear anaplasia A
or: urdifferentiated or cribriform growth variant, presence
.of mitoses, moderate nuclear anaplasia )
Class 5 undifferentiated tumor or cribriform growth variant, presence
of mitoses, marked anaplasia
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Broders grading method

Tumors in which glandular formation predominates (i.e. at
least 50% consists of glandular formation) relatively
outnumber tumors in which a minor part is differentiated. Of
the 250 gradings performed, 207 (83%) were recorded as grade 1
or 2 (Table 2). Most agreement was also observed in the lower
grades, i.e. 62% and 18% agreement for grades 1 and 2, respec-
tively, by at least 3 observers (data not shown). The weigh-
ted kappa coefficient measured for the Broders method was 0.52
(Table 3). 1In 14 cases, the recorded scores differed by more
than one grade. In 5 cases only 2 pathologists agreed with
each other (10%). The latter demonstrates almost total
disagreement among the participating pathologists.

M.D. Anderson method

Of the total of 250 scores, 210 were conferred upon tumors
predominantly characterized by glandular or cribriform-
papillary growth pattern (84%) (Table 2). The kappa coeffi-
cient calculated for the Anderson system was 0.41 (Table 3).
Most agreement was found for grade 1 and 2. Agreement existed
between at least 3 pathologists in 78% related to grade 1 and
2 tumors. In 16 cases (32%) more than one grade difference
was observed. Concordance between only 2 pathologists was
noticed in 7 cases (14%).

Table 2. Distribution of grades (1-5) and Gleason scores (1-10) tabulated sgggratel
for each i as assessed by the 1Ci) thologi: A=
ibYMb;g%?ngswﬁﬁm Y part: pﬁnngpa og. ( E?

Grading systems Grade n’Igta_‘éf
1 2 3 4 5 6 7 8 9 10 |scores
Broders - - - - - - 250

144 63 31 12
(58%) (25%) (12%) (5%)

M.D. Anderson 102 108 26 14 - - - - - - 250
(41%) (43%) (10%) (6%)

Mostofi 22 120 108 - - - - - - - 250
(9%) (48%) (43%)

Mostofi* 1 32 17 - - - - - - - 50
(2%) (64%) (34%)

Gleason - 250

0 4 24 45 117 27 21 6 6
0%)  (2%) (10%) (18%) (47%) (11%) (8%) (2%) (2%)
Modified Gleason 28 189 33 - - - - - - - 250
(11%) (76%) (13%)

Mostofi-Schroeder 5 34 ol 84 36 - - - - - 250
(2%) (14%) (36%) (34%) (14%)

Mostofi-Schroeder* 1 3 21 17 8
(2%) (6% (42%) (34%) (16%)
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Table 3. Absolute and percentual measure of agreement and kappa values for each grading method
tabulated separately

Broders Anderson Mostofi Mod. Gleason Mostofi-Schroeder
4—grade 4—grade 3~-grade 3—grade 5—grade
system system system system syStem
Agreement among:
5 cbservers 13 (26%) 12 (24%) 6 (12%) 18 (36%) 1 (2%)
4 observers 14 (28%) 16 (32%) 19 (38%) 15 (30%) 8 (16%)
3 observers 18 (36%) 15 (30%) 20 (40%) 17  (34%) 29 (58%)
At least 3 observers 45 (90%) 43 (86%) 45 (90%) 50 (100%) 38 (76%)
A difference of more
than 2 grades 14 (28%) 16 (32%) 12 (24%) 2 (4%) 29 (58%)
Total no. of specimens 50 (100%) 50 (100%) 50 (100%) 50 (100%) 50 (100%)
Kappa values 0.52 0.41 0.21 0.30 0.34




Mostofi grading method

Glandular differentiation combined with slight nuclear
anaplasia was only recorded in 22 scores out of a total of 250
(9%) (Table 2). The scores assessed earlier by Mostofi for
the same material are also summarized in Table 2. The overall
weighted kappa score was calculated at 0.21 (Table 3).
Complete agreement among all pathologists was never found for
grade 1 tumors (data not shown). More than one grade
difference per specimen was observed in 12 cases (24%). Only
in 5 cases was a total lack of concordance seen.

To obtain insight into the measure of agreement (or
disagreement) of each participating pathologist with the
grading results obtained by Mostofi himself, an individual
kappa score was assessed. None of the 5 pathologists attained
a weighted kappa coefficient of agreement above 0.40.

Gleason grading method

Grading results determined according the traditional and
modified Gleason methods are shown in Table 2. None of the
tumors received a traditional Gleason score of 2. In Table 3,
the measure of agreement is presented only for the modified
results of the rearranged Gleason scores (2,14). The weighted
kappa score was calculated at 0.30. 1In all 50 cases (100%),
at least 3 investigators agreed with each other concerning the
chosen modified Gleason grade. As group/grade 2 was most
frequently chosen, maximal agreement was found in this
category. More than one grade disagreement of the modified
system was found in only 2 cases.

Mostofi-Schroeder grading method

In Tables 2, 3 and 4, results using the Mostofi-Schroeder
method are shown. Besides the distribution of scores obtained
by the 5 participating pathologists, Table 2 also includes the
results obtained by Mostofi. The weighted kappa coefficient
as a measure of agreement among pathologists was calculated at
0.34. An overall percentage for all prognostic classes of 76%
was a measure of agreement of at least 3 pathologists. In only
5 cases dgrade 1 was recorded. Regarding grade 5 tumors,
agreement among 3 pathologists was only achieved in 2 cases.
Disagreement reflected in the number of cases in which
pathologists differed by more than one grade was recorded in
29 cases. Using the data recorded by Mostofi himself as a
"standard", the individual weighted kappa coefficient as a
measure of agreement for each pathologist was assessed
(Table 4). With the Mostofi-Schroeder method, unlike the
Mostofi method, 2 of the 5 pathologists scored a kappa value
above 0.40.
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Table 4. Measure of agreement of each participati thologist (A-E
- grthc—: scores O ga %ﬁ? et gg thll
Schroeder method (1-5)

Pathologist A Patholoxgist B
1 2(M) 3(M) 4(M) 5(M 1(M) 2(M) 3(M) 4(M) 5
1 6“’6’6)6’6’01361‘{’6“{’6’”
2(A 8 2(B 7
3(A 0 0 10 9 3 22 3(B l 10 4 1 17
4 (A 0 0 9 5 4 18 4(B 0 0 8 5 19
5(A, 0 1 0 1 0 2 5(B 0 0 1 3 1 5
1 3 21 17 8 50 1 3 21 17 8 50

Weighted ¥ coefficient A:K = 0.14 Weighted K coefficient B: K= 0.35

Pathologist C Pathologist D
1) 29 3M) 4 509 1M 20 3 4(M) 5M)

1(C 1 0 0 0 0 1 1(D 0 1 0 0 0 0
2(C 0 1 2 0 0 3 2(D 1 0 0 1 0 2
3(C 0 1 6 3 2 12 3(D 0 3 10 3 2 18
4(C 0 1 10 9 2 22 4(D 0 0 8 7 2 17
5(C 0] 0 3 5 4 12 5(D 0 0 3 6 4 13

1 3 21 17 8 50 1 3 21 17 8 50

Weighted K coefficient C: K= 0.46 Weighted K coefficient D: K= 0.42

Pathologist E

1M 2@) 3 400 5M)
1(E 0 0 1 1 0 2
2(E 1 2 7 3 1 14
3(E 0 1 11 8 2 22
4(E (0] 0 1 4 3 8
5(E 0 0 1 1 2 4

1 3 21 17 8 50

Weighted K coefficient E: K= 0.35

DISCUSSION

Kappa values for each method separately indicate that none
of the grading systems had a high degree of concordance
(k > 0.70). Kappa values reflecting fair to reasonable
reproducibility (kappa ranging from 0.40 to 0.70 ) were only
found by the Broders and Anderson grading methods (Table 3).
However, in contrast to these values, 1in both the Broders
system and the Anderson grading method (in 14 and 16 cases,
respectively), disagreement among observers of more than two
grading steps was noted (Table 3). Such lack of agreement may
be partly attributed to impaired tissue preservation and
fixation. Furthermore, when the distribution of grades is
considered for both methods, by far the most tumors were
assessed as grade 1 or 2 (Table 2). Preponderance of such a
relatively large number of well-differentiated tumors may be
attributed to the inclusion of only prostatectomy specimens in
this study.
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In contrast to the low kappa score obtained by the Mostofi
method, the percentual agreement was markedly better
(Table 3). In fact, in 90% of the cases, at least 3 observers
shared the same opinion about the assignment of tumor grade
(Table 3). However, when this agreement per tumor grade was
analyzed (data not shown), concordance was achieved most
frequently for grade 2 tumors. Discrepancy of kappa values
and percentual agreement score may be explained by the fact
that observers are often inclined to classify tumors most
frequently as grade 2 when a three-step grading method is
used. In addition, inadequate preservation of tissue slides
has undoubtedly influenced precise Jjudgement of cytologic
features such as degree of anaplasia. Furthermore, lack of
sufficient experience and poor definability of slight,
moderate and marked nuclear anaplasia may also contribute to
this low kappa value.

Applying the modified Gleason method, a maximal numerical
agreement score was achieved. In all specimens investigated,
at least 3 observers agreed after rearrangement of results
into a three-step grading system (100%). However, a low kappa
value was a measure reflecting the 1low degree of accuracy.
The latter may be explained by an unbalanced distribution,
since grade 1 and 3 tumors are scarcely represented (Table 2).
Although a kappa value was not determined for the traditional
Gleason system, our results seem to be in contrast to those
presented by others (16,22,24,26,29,37). Harada et al. (23)
stated that, for the primary growth pattern, agreement was
found in 64% of cases; for the secondary pattern, agreement
was obtained in 44%. When the primary and secondary patterns
were compared to those of Gleason, agreement was recorded in
only 38% (23). Gleason (23) postulates that the margin of
error of reproducibility from one institution to another could
be as much as 50% and probably reflects the degree of
experience of the particular observer. Bain et al. (3) stated
in their study concerning the reproducibility of the Gleason
method that agreement was reached among 7 pathologists in
74%-93% of the cases studied (n = 58; kappa ranged from 60.5%
to 83.6%). However, grading in this study was performed
predominantly upon transurethral resection specimens.

Although the percentual numerical scores of the Schroeder-
Mostofi method demonstrate a nearly total lack of agreement
(Table 3), the weighted kappa coefficient can be considered as

relatively high (0.34). Again, 1lack of numerical concordance
may be partly due to the fact that, in addition to
histological criteria, cytological features, especially

nuclear anaplasia and mitotic activity are incorporated in
this grading system. Ordinal scale correction for this five-
step grading method has undoubtedly influenced the kappa score
favorably.

As the treatment decision for prostatic cancer is often
influenced by the results of grading, accuracy and reproduci-
bility of grading methods are of +the utmost importance.
However, even when sufficient tissue sections are available,
accuracy of grading, as this study shows, is considered to be
relatively low. Simple methods involving only histological
features seem to have a better interobserver agreement than
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those systems using cytological features. However, low
agreement scores found for the Mostofi method and the recently
described system introduced by Schroeder and Mostofi can be
attributed to lack of optimal fixation and preservation of
tissue sections, resulting in difficulty of evaluating nuclear
anaplasia. In addition, our results may also indicate that,
in practice, pathologists are more accustomed to dealing with
well-defined (histological) criteria as compared to less
circumscribed criteria such as degree of nuclear anaplasia.

Calculation of the weighted kappa scores may hamper
precise interpretation of the value of the accuracy of grading
scores, especially when the tumors selected are not equally
divided among the diverse grades. Finally, reproducibility is
largely dependent upon training and experience and is
considerably facilitated by the elimination of ambiguity in
the definition of predictive morphological criteria. As yet,
it remains to be determined to what extent morphometrical
techniques will enhance the accuracy and reproducibility of
grading methods.

Since the final aim of grading is to predict the clinical
behavior of neoplasms, grading results obtained so far will be
correlated with survival and recurrence rates and the data
will be presented in a second report.
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ABSTRACT

The prognostic accuracy of 5 current histological grading
systems (Broders, Anderson, Mostofi, Gleason, and Mostofi-
Schroeder) was compared. The histological grading was
performed by 5 pathologists upon 50 prostatectomy specimens.
By averaging the grading results of the 5 pathologists the
impact of the interobserver variation was eliminated. The Cox
proportional hazards model was used for estimating the
relationship between the average grading scores and time-to-
recurrence (respectively, time-to~death by prostatic carci-
noma) . Age at surgery was adjusted for as a possible confound-
ing factor. The prognostic impact of the 5 grading systems
(related to both recurrence and death caused by prostatic
carcinoma) was judged by the likelihood ratio (LR) test score.
The LR test score (which is chi-square distributed with 1 4f)
for time-to-recurrence for the Mostofi-Schroeder score
appeared to be 6.54, whereas a value of 1.79 was measured for
the Gleason system. A stepwise procedure demonstrated that
with the Mostofi~Schroeder - and Broders systems used together
the best prognostic performance was reached (with Mostofi-
Schroeder weighted 1.5 times larger than Broders). For time-
to-recurrence also the median grading result was used giving
results similar to the mean grading result. For time-to-death
by prostatic carcinoma the IR test scores for all grading
systems were relatively low. In this analysis the outcome of
the Gleason system did show a minimum of prognostic ability,
whereas the grading systems of Broders as well as the recently
introduced system of Mostofi-Schroeder had a reasonable
predictive power. Since the interobserver variation of the
Schroeder-Mostofi system was large, the Broders system is to
be preferred. Restrictions and implications of this study are
discussed and a brief review of the prognostic importance of
grading of prostatic carcinoma is presented.

INTRODUCTION

Carcinoma of the prostate is a frequently occurring
malignancy. The incidence of prostatic carcinoma demonstrates
a geographically and demographically related distribution
ranging from 0.84 for Shanghali to 100.20 among the black
population in Alameda County, California per 100,000 male
population (Zaridze et al., 1984; Catalona, 1984; Ross et al.,
1983; Wynder et al., 1971). The reason for these geographical
and demographical differences 1in 1incidence and prevalence

remains for as yet unknown. As latent or incidental
carcinomas are erroneously omitted (Yamabe et al., 1986; Dhom,
1983), the actual figures concerning incidence and prevalence

of prostatic carcinoma are often underestimated in the
literature. Mortality resulting from disseminated prostatic
tumours also shows a geographical and demographical variation
ranging from 2.51 (Japan) to 29.1 (St. Vincent and
Grenadines), per 100,000 male population (Zaridze et al.,
1984; Catalona, 1984; Ross et al., 1983; Wynder et al., 1971).
The large difference between incidence- and mortality rate
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reflects a wide variation in clinical behaviour of prostatic
carcinoma. At initial diagnosis prostatic carcinoma may
present itself as incidental carcinoma which is considered
harmless, or as an extended tumour with a tendency to
metastasize, ultimately leading to death. As for
histopathology nearly 97% of prostatic tumours shows acinar
structures and these tumours are therefore designated as
adenocarcinomas (Utz and Farrow, 1969).

Pathologists have searched for histological, cytological,
immunological and morphometric parameters in an attempt to
predict biological aggressiveness. Several histological
grading systems have been developed to forecast the biological
behaviour of the carcinomas (Murphy and Whitmore, 1979;
Mostofi, 1976; Grayhack and Assimos, 1983).

The large number of grading systems presented in the
literature already indicates the controversy concerning the
choice of the most reliable grading system, due to large
inter- and intra-observer variation as demonstrated in a pre-
vious report (Ten Kate et al., 1986). In this sequel report
we will present these data again, now correlated with the
clinical follow-up of patients incorporated in this survey.

MATERTALS AND METHODS

Patients and materials

From the original series of Belt and Schroeder of 464
patients, who underwent total perineal prostatectomy for
localized 1limited prostatic carcinoma (Whitmore, 1956), 50
patients were randomly selected (Belt and Schroeder, 1972;
Schroeder and Belt, 1975). In this group the average age at
the time of surgery was 66 years with a range from 48 to
83 years. The mean period of follow-up lasted for 125 months,
ranging from 8 to 317 months. The survival curves of time-to-
death and time-to-first recurrence for these 50 patients did
not differ from the curves of a much larger random selection
of the series of Belt and Schroeder. The original series of
Belt was recently used to devise a new grading method as
described by Mostofi and Schroeder (Schroeder et al., 1985a;
Schroeder et al., 1985b; Schroeder et al., 1985c).

We were able to obtain the follow-up of all the
50 patients. At the end of follow-up 11 patients were still
alive without progression. For the analysis of time-to-first
recurrence (19 patients), 31 patients were considered
"censored"; and for time-to-death by prostatic carcinoma
(16 patients), 34 patients were considered "censored" (Figu-
re 1). None of the patients who showed progression is still
alive. This series is one of the few to date with a mean
follow-up period of more than 10 years. Recurrence after
prostatectomy occurred in 13 patients. The time interval
until first recurrence varied from 8 months to 133 months with
a mean period of 51 months. Treatment modalities of these
recurrences differed and were according to the current
protocol at that time period. All of the patients who had a
tumour which showed progression died at time intervals ranging
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Figure 1:
Data concerning the follow-up of the 50 patients included in this study.

from 1 to 164 months with a mean period of 45 months.
However, included are 3 patients who died from another cause.
After excluding these patients time-to-death in the recurrence
group ranged from 1 to 164 months with an average of
33 months.

Prostatectomy specimens were fixed routinely in 4% formal-
dehyde solution. Section was performed in a stepwise fashion
and each specimen was submitted completely for histologic
examination. Slides were stained routinely with Mayer's haema-
toxylin and eosin. The number of slides available for
microscopic survey per prostatectomy specimen ranged from
2 to 11. The number of slides in which tumour was present
varied from 1 to 9 (mean: 3).

Grading systens

The 50 cases were evaluated by 5 pathologists using the
general grading system of Broders, the Anderson (hospital)
system, +the Mostofi system, the system described by Gleason
and the Mostofi-Schroeder system (Broders, 1926; Brawn et al.,
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1982;: Mostofi, 1975; Gleason, 1966; Mellinger et al., 1967;
Schroeder et al., 1985abc). The Gleason system was used as
originally reported since, by definition, a crude linear
transformation realised by rearrangement of Gleason scores in
three main groups will not increase the prognostic impact of
this system (Babaian and Grunow, 1985).

The percentual distribution of grading-scores for each
grading system separately is listed in Table 1 (Ten Kate et
al., 1986).

Table 1. Percentage of tumours attributed to the various
grades of the Broders, Anderson, Mostofi, Gleason,
and Mostofi-Schroeder grading systems assigned by

Broders Anderson Mostofi Gleason Mostofi-
Schroeder
grade 1 58% 41% 9% - 2%
grade 2 25% 43% 48% 0% 14%
grade 3 12% 10% 43% 2% 36%
grade 4 5% 6% - 10% 34%
grade 5 - - - 18% 14%
grade 6 - - - 47% -
grade 7 - - - 11% -
grade 8 - - - 8% -
grade 9 - - - 2% -
grade 10 - - - 2% -

Statistical analysis

Statistical analysis was performed using the Cox

proportional hazards model (Cox, 1972; Cox, 1975). The
following events ("endpoints") were considered:
Progression (N = 19) and
irrespective of the occurrence of progression:
Death caused by prostatic
carcinoma (N = 16).
The BMDP-program 2 L was used (Dixon, 1983). The

likelihood ratio (LR) test score was used for judging and
comparing the predictive ability of each one of the 5 grading
systems. The contribution of an explanatory variable to the
likelihood function is supposed to represent its predictive
ability (Green and Symons, 1983). This contribution is quant-
ified by means of the likelihood ratio (LR) test score which
has an asymptotical chi-square distribution with 1 degree of
freedom. The contribution is significant (at the 5% level) if
the LR test score exceeds the value 3.84. The five scores (of
the 5 pathologists) of each grading system were summarized
into one interval-scaled explanatory variable by taking the
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average score. For the endpoint progression also the median
score was considered and compared with the average score. For
each grading system a separate analysis was done, with age at
surgery always included as a confounding variable. For the
endpoint progression also a stepwise analysis was performed,
starting from a model including all 5 grading systems followed
by stepwise elimination of insignificant grading methods. The
purpose of this latter analysis was to investigate if two (or
more) grading systems used simultaneously provide better
prognostic information than one single systemn.

RESULTS

Cox_ proportional hazard model and IR test scores for
progression of prostatic carcinoma

Patients' age (at time of surgery) and the average
(respectively, the median) grading score were chosen as
explanatory variables. The average (median) grading score was
calculated for each patient and for each grading system as the
arithmetic mean (as the median) of the scores of the
5 pathologists. Nineteen out of 50 patients developed progres-—
sion (Figure 1). Time-to-progression was computed after date
of surgery as zero-point. Progression was defined as 1local
recurrence or metastastic disease irrespective of a possible
lethal course. The estimated coefficients of the proportional
hazard function and IR test scores are summarized in Table 2.
Estimated coefficients for the average grading scores varied
from 1.497 (Mostofi) to 0.327 (Gleason) and represent the
estimated proportional increase in risk of progression to an
increase of one score in the grading system applied. LR test
scores ranged from 6.54 (Mostofi-Schroeder) to 1.79 (Gleason).
As the latter values are used for judging the prognostic
performance, our results indicate that the Mostofi-Schroeder
system as well as the Broders system have the highest
prognostic capability. The Gleason system reveals the poorest
prognostic power.

An identical ordering in prognostic accuracy was obtained
when median grading scores were used instead of the mean
values (results are not tabulated).

The results of the stepwise procedure are presented in
Table 3. It appeared that the Mostofi-Schroeder and the
Broders systems (both mean- and median values) remained
together in the model at the final step along with the forced
presence of age at surgery. This result indicates that these
two grading systems reflect different dimensions of grading
prostatic carcinoma. From the estimated coefficients in Table
3 it can be concluded, that a weighted average of the Broders
system and the Mostofi-Schroeder method might be the best
prognostic tool for progression (with the Mostofi-Schroeder
system weighted 1.5 times larger than the Broders method).
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Table 2. Estimated proportional hazards model for progression
(of prostatic carcinoma) and results of the chi-
square likelihood ratio (LR) test per grading system
(single regression analysis).

coefficient SE LR
test score
Mostofi-Schroeder:
average grading-score
over pathologists 1.145 0.474 6.54
age 0.058 0.031
Broders:
average grading-score
over pathologists 0.822 0.309 6.32
age 0.038 0.032
Anderson:
average grading-score
over pathologists 0.839 0.383 4.44
age 0.034 0.033
Mostofi:
average grading-score
over pathologists 1.497 0.741 4.36
age 0.030 0.034
Gleason:
average grading-score
over pathologists 0.327 0.240 1.79
age 0.054 0.032

SE = standard error

Cox proportional hazard model and IR test scores for death
from prostatic carcinoma.

Explanatory variables chosen for this statistical
elaboration were identical to the ones described in the
previous section. The endpoint considered here is time-to-
death caused by prostatic carcinoma. Out of 50 patients,
16 patients died from the sequels of disseminated prostatic
carcinoma (Figure 1). The estimated coefficients of the
hazard function ranged from 0.999 (Mostofi) to 0.189
(Gleason). However, for all of the grading systems the
prognostic performance of grading systems for death from
prostatic carcinoma as reflected by the LR test score was poor
and varied from 2.17 (Mostofi-Schroeder) to 0.59 (Gleason).
Results of this analysis are shown in Table 4. Because of the
similar results with the mean and median score obtained for
the end-point progression, only the mean score was analyzed
here.
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Table 3. Final results of repeated inserting and withdrawing
in the stepwise analysis for progression of prostatic
cancer. Coefficients of the Cox proportional hazards
model and the chi-square likelihood ratio (LR) test

scores.
coefficient SE LR
test score
age 0.040 0.032
Broders (median) 0.637 0.275 4.81
Mostofi-Schroeder (median) 1.157 0.400 9.19
age 0.041 0.032
Broders (average) 0.649 0.318 3.82
Mostofi-Schroeder (average) 0.943 0.486 4,05

SE = standard error

Individual prognostic accuracy (including data of Mostofi) for
progression of prostatic carcinoma.

For both the Mostofi system and the Mostofi-Schroeder
system the scores assigned by Mostofl himself were available.
In fact, the same slides of the 50 cases included in this
study were evaluated by Mostofi. The individual prognostic
accuracy for progression of prostatic carcinoma of
6 pathologists (Mostofi and pathologists A-E) was calculated
for the Mostofi and Mostofi-Schroeder  grading system
(Table 5). Again, the LR-test was used for judgment of the
prognostic performance.

In both grading systems a large inter-observer variation
was noticed (Table 5). With reference to the Mostofi-
Schroeder system 3 pathologists revealed statistical
significance (Mostofi, pathologist A and pathologist B). LR
test scores wvaried from 9.18 (pathologist B) to 0.18
(pathologist C). Using the Mostofi system statistical
significance was only assessed for the grading data of Mostofi
himself and pathologist B. The prognostic performance
reflected by the LR test scores ranged from 6.26 (Mostofi) to
' 0.13 (pathologist D).
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Table 4. Estimated proportional hazards model for death
(caused by prostatic carcinoma) and results of the
chi-square likelihood ratio (ILR) test per grading

system.
coefficient SE IR
test score
Broders:
average grading-score
over pathologists 0.436 0.294 2.01
age 0.051 0.036
Anderson:
average grading-score
over pathologists 0.557 0.380 1.99
age 0.048 0.036
Mostofi:
average grading-score
over pathologists 0.999 0.767 1.75
age 0.044 0.038
Gleason:
average grading-score
over pathologists 0.189 0.245 0.59
age 0.061 0.035
Mostofi-Schroeder:
average grading-score
over pathologists 0.672 0.465 2.17
age 0.059 0.034

SE = standard error

DISCUSSION

In the present study the prognostic performance of
5 current grading systems was determined. Since an uniquely
long period of follow-up after surgery of all patients was
available, 1t was even possible to use time-to-death as a
response.

In order to enable comparison of the prognostic accuracy
of the grading systems the impact of the inter-observer
variation on the various grading systems was eliminated by
averaging the grading scores over the 5 pathologists. This
might be debatable since a grading score 1is considered an
ordinally-scaled covariate. Therefore, in the statistical
analysis for progression of prostatic cancer also the median
grading values (measured over 5 pathologists) were used. The
dependency of the responses (recurrence or death by prostatic
carcinoma) on these average (and median) grading scores was
estimated by Cox proportional hazards model, while correcting
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Table 5. Estimated proportional hazards model for progression
and results of the chi-square likelihood ratio (LR)
test for two dgrading systems (Mostofi and Mostofi-
Schroeder) and 6 pathologists (including Mostofi).

coefficient SE LR
test score
Mostofi-Schroeder:
grading-scores of Mostofi 0.668 0.310 4.89
age 0.087 0.034
grading-scores of pathologist A 0.700 0.302 5.31
age 0.064 0.033
grading-scores of pathologist B 0.847 0.288 9.18
age 0.057 0.030
grading-scores of pathologist C 0.107 0.257 0.18
age 0.064 0.030
grading-scores of pathologist D 0.395 0.316 1.58
age 0.052 0.031
grading-scores of pathologist E 0.333 0.233 1.90
age 0.058 0.030
Mostofi:
grading-scores of Mostofi 1.147 0.456 6.26
age 0.066 0.031
grading-scores of pathologist A 0.396 0.427 0.91
age 0.052 0.033
grading-scores of pathologist B 0.924 0.457 4.37
age 0.049 0.030
grading-scores of pathologist C 0.607 0.477 1.76
age 0.054 0.032
grading-scores of pathologist D 0.219 0.617 0.13
age 0.060 0.033
grading-scores of pathologist E 0.564 0.379 2.26
age 0.053 0.030

SE = standard error
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for age at surgery. This model allows one to relate multipli-
catively the instantaneous risk of 'failure' (in this study
progression or death by prostatic carcinoma) to a set of
candidate covariates. Moreover, a stepwise analysis including
initially six candidate covariates (age and 5 grading methods)
was performed to study the influence of using two or more
grading systems, simultaneously upon the prognostic performan-
ce. The antilog of the estimated coefficients represent the
multiplicative increase in risk of progression or death
related to one unit increase in the explanatory factor.

The chi-square 1likelihood ratio test score was used for
judging and mutually comparing the prognostic performance of
the grading systems.

In a previous report the interobserver variation in
assignment of grading-scores to prostatic carcinomas of
50 patients was described (Ten KXate et al., 1986). As
(dis)agreement score the kappa-value for each grading system
was measured, but in none of the grading systems a high degree
of consensus (kappa > 0.70) was reached as Jjudged from the
kappa-values (Ten Kate et al., 1986). However, the agreement
among pathologists using the Broders and Anderson system was
considered as fair to reasonable (kappa ranging from 0.40 to
0.70). The remaining grading systems showed a poor agreement
among participating pathologists (kappa < 0.40).

When the results of this study presented in Table 2 and 4
are compared it becomes evident that histological grading can
better predict the event of progression (Table 2) than the
event of death by prostatic carcinoma (Table 4). This
discrepancy could partly be attributed to the follow-up data
of one patient who revealed progression 46 months after
surgery, but lived afterwards for an extremely long period of
164 months before dying of the sequels of disseminated
prostatic carcinoma. Therefore, we decided to use time-to-
progression (Tables 2, 3) for the comparison of the prognostic
performance of the different histological grading systems.
From Cox regression it appeared that all but one grading
systems were statistically significant; the Gleason system was
the only one which was not significant (LR test score 1.79).
The prognostic performance for the event of progression
(Table 2) of the grading systems of Broders and Mostofi-
Schroeder are superior to the other systems. The use of
median values instead of average values did not result into a
different ranking of grading systems referring their
prognostic accuracy with respect to progression.

For the risk of death by prostatic carcinoma (Table 4),
none of the grading systems reached statistical significance.
Nevertheless, the trend reflected by the LR test scores for
death is similar to that for progression (Table 2).

The stepwise analysis (performed for both average and
median values) provided evidence that the Broders system and
the Schroeder-Mostofi method used together, supplied
additional prognostic information (Table 3), with the Mostofi-
Schroeder method weighted 1.5 times larger than the Broders
method. This might be explained by the fact that next to
architectural features, that are exclusively used in the
grading performance according to Broders, cytonuclear charac-
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teristics such as encorporated in the  Mostofi-Schroeder
system, provide additional prognostic information.

Comparative studies on the prognostic impact of grading
systems in prostatic carcinoma applied upon the same set of
slides are scarcely found in literature. Comparison of these
studies with ours 1is complicated by the use of different
statistical techniques and diverse prognostic risk- or hazard
functions. Mostofi (1976) reviewed grading systems for
prostatic carcinoma introduced over a period of half a century
(Broders 1926; Young 1926; Muir 1934; Kahler 1938; Shelley
1958; Evans 1942; Herbut 1952; Edwards 1953; Gleason 1966;
Mobley 1968; Utz 1969; Hanash 1972; Vickery 1963; Corriere
1970; Rous 1972). He stated that according to the devisers
they all promise to give the best prognostic wvalue in the
individual course of prostatic carcinoma. Nevertheless,
reproducibility of all of these systems is poor.

In an extensive retrospective study in which multivariate
analysis was used Schroeder et al. (1985abc) demonstrated that
coexistence of several architectural patterns favours the
prognosis as compared to tumours composed of only one
prognostically bad histological pattern. In addition, nuclear
and mitotic activity should also be implemented as these are
important prognosticators to a grading system. Using these
three parameters (gland formation; mitoses; and nuclear
anaplasia) 5 different prognostic groups of patients can be
identified.

Brawn introduced in 1982 (Brawn et al., 1982) a new
grading system and compared the prognostic accuracy of his
system (Anderson) with those described by Mostofi and Gleason
in a group of 182 patients with locally advanced carcinoma
(stage C) treated by radiotherapy. Follow-up of patients
ranged from 3 to 7 years. Grading was performed upon trans-
urethral specimens, needle biopsies or both. Survival-curves
were obtained using the Kaplan-Meier statistical method.
Statistical significance of survival curves by histologic
grades was computed using the Wilcoxon method. Statistical
significance was obtained for grade 1 and grade 4 lesions
according the Anderson system.

The system of Gleason is probably most often applied and
data about its prognostic potentials are frequently reported.
Cantrell et al. (1981) studied the natural course of stage A
(incidental) prostatic carcinoma in 117 patients followed for
2 to 15 years. Until relapse developed no therapeutic
intervention had been performed. In 14 patients progression
occurred. To obtain insight into factors that might predict
clinically evident prostatic carcinoma at 4 years and/or
predict a crude 4-year survival, a retrospective discriminant
analysis using diverse variables was carried out. Of the
variables chosen, grading scores of the Gleason system and
extension of tumour at initial diagnosis revealed the highest

prognostic impact. No patient with a 1low-grade lesion
(Gleason score 2-4; n = 14 ) and only 2% of patients with less
than 5% tumour-volume showed progression. Grading was

performed on transurethral currettings or specimens obtained
by simple enucleation.
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Parfitt et al. (1983) studying stage A2 disease
(incidentally found extensive carcinomas), reported that the
Gleason grade had some predictive value. Of 16 patients with
primary tumours with a Gleason score 1less than 4, none
appeared to have lymphnode metastases on subsequent staging
lymphadenectony.

Kramer et al. (1980) also studied the predictive value of
Gleason scores of primary tumours for nodal involvement at
staging pelvic lymphadenectomy. In their group of 228
patients, irrespective of primary clinical stage, 93% of
patients with Gleason sums more than 7 in initial biopsies
showed evidence for lymphnode metastases. However, the sensi-
tivity in this study was not as high since 31% of the patients
(26 patients out of 84) with histologically proven lymphnode
metastases revealed Gleason's sums ranging from 5 to 7. The
latter might be attributed to a sample error resulting from
the use of small tissue samples for grading. Especially when
the Gleason system is applied on small tissue samples, it is
possible that only one or two minor histological growth
patterns are present, whereas a whole specimen contains often
much more tumour patterns.

Results presented by Wilson et al. (1983) may also be
confounded by grading inaccuracy resulting from sample error.
They studied prospectively 115 fully staged (including pelvic
lymphadenectomy) patients with localized prostatic carcinoma
(stages A-C). Grading according to a modified Gleason system
was carried out on needle-biopsies or transurethral specimens.
Two of 6 low-grade (Gleason sum 2-4) lesions of 16 A2 tumours
and 4 of 35 low~-grade lesions of 53 Bl tumours revealed
metastases during follow-up (ranging from 8 to 71 months).
Wilson et al. (1983) postulate that 1low stage, 1low grade
prostatic carcinoma can retain the potential for widespread
metastatic disease. Even more interesting is their
observation that 9 patients with high grade tumours and
without evidence of metastases did not show any progression of
their malignancy during follow up.

Guinan et al. (1983) compared the prognostic ability of 2
grading systems (Gleason and Broders) for the risk of
recurrence in 111 patients with clinically localized carci-
nomas treated by radical surgery. Follow-up ranged from
6 months to 8 years. Statistical significance was computed by
means of a chi-square test. Of the 2 systems studied the
Gleason classification system was the least accurate.

Studies reviewed above do not give unequivocal information
about which grading system reveals the highest prognostic
power. Although most studies present relatively favourable
results for the Gleason system, our data demonstrate a low
interobserver accuracy (Ten Kate et al., 1986) and only a
limited prognostic ability of the latter grading system (this
study). The system of Mostofi also exhibits a large inter-
observer variation (Ten Kate et al., 1986). Nevertheless,
compared with the Gleason system its prognostic accuracy of
average (and median) grading scores for the occurrence of
progression 1is relatively high. Our data indicate that less
conmplicated systems as the ones described by Broders and Brawn
(Anderson) reveal not only the highest interobserver reprodu-
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cibility (Ten Kate et al., 1986), but also a high prognostic
impact. Though inter-individual agreement was 1low, as
reflected in the present study (Table 5), data obtained on the
recently introduced system of Mostofi-Schroeder also seem
promising. The finding of additional prognostic information
provided by the use of more than one histological grading
system upon the same tumour is of utmost interest and
necessitates further investigation using larger series and
other combinations of grading systems.
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SUMMARY

For production of monoclonal antibodies (McAbs), hybrid
cells were prepared by fusion of spleen cells of BALB/c mice
immunized with the human prostatic cancer cell line PC-82 and
the P,-X6,Ag8.653 murine myeloma cell line. Supernatants of
approximat%ly 500 hybrid clones were screened for prostate
specific antibodies using an ELISA on PC-82 cells. A select-
ion of antibodies was further tested for their specificity on
a large series of different tissues. A broad cross reactivity
pattern was obtained. Most cross reactivity was with pancre-
atic tissue, kidney, and bowel. One antibody turned out to
react with prostate stromal cells. Two McAbs (ER-Pr 1 and
ER-Pr 2) reacted solely with prostatic epithelium. Monoclonal
antibody affinity chromatography combined with SDS-PAGE showed
that both antibodies were directed against a 35-kD protein.
Immunoblotting revealed that this protein 1is identical to
prostatic antigen (PA). The epitope detected by ER-Pr 1 and
ER-Pr 2 was largely preserved after formalin-fixation of
prostatic tissues which renders these antibodies very suitable
for routine examination of tissue sections.

INTRODUCTION

On the basis of the formation of gland-like structures,
most tumors of the prostate are known as adenocarcinomas.
Various grading systems, based on histological and cytological
criteria, all trying to predict the biological behavior of the
tumor, have been put forward (1-3). In addition to
morphological data, the use of immunological methods can be of
value for further characterization of human tissues of unknown
origin and as differentiation markers (4-6).

Knowledge of prostatic tumors and their characteristics
has increased by the isolation of several prostatic cancer
cell lines derived from primary or secondary human tumor
deposits (7-10). From these, the PC-82 cell line is one of
the best characterized (8,11,12). It can be propagated in
nude mice and its growth is androgen dependent (13,14). It
has also been shown to contain prostatic acid phosphatase
(PAP) (8,14). The solid tumor shows prostate carcinoma morpho-
logy, i.e. a predominantly cribriform growth pattern. The
stromal component and vascularization are of murine origin
(8,11). In this study we describe the generation and
properties of monoclonal antibodies (McAbs) against this cell
line.

MATERTALS AND METHODS
Cell line

In 1977 the PC-82 cell line was isolated from a primary
tumor of the prostate and since then has been grown subcuta-

neously 1in homozygous male nude mice. Its characteristics
have been well documented (8,11-14).
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Immunization and cell fusion

Male EALB/C nu/+ mice were immunized subcutaneously with 2
to 5 x 10~ PC-82 cells at three-week intervals. PC-82 cell
suspensions were prepared from chopped solid tumor fragments
that were incubated overnight in tissue culture medium
supplemented with collagenase (200 U/ml). Prior to immuniza-
tion, PC-82 cells were washed and resuspended in RPMI 1648
(Flow Labs, Irvine, UK) at a density of at least 8 x 10
cells/ml. Three days before removal of the spleen, a final
combined intravenous/intraperitoneal booster was given.

For preparation of hybrid cells, spleen cells of immunized
animals were fused to the P3—X6 Ag8.653 mouse myeloma cell
line at a ratio of 5:1. The “metBod used was essentially
identical to that of Frankel et al. (15). Immediately after
fusion, the cell suspension was seeded into 96-well tissue
culture plates containing a macrophage feeder layer and grown
in selective medium (HAT). Supernatants of large clones were
scored for the presence of antibodies to PC-82 cells.

Enzyme linked immunosorbent assay

Terasaki plates were coated with EC—SZ cells and human
lymphocytes at a concentration of 5 x 10 cells/well. Cells
were fixed by incubation in glutaraldehyde (0.1%) for 15 min.
An indirect ELISA was performed utilizing a horseradish
peroxidase conjugated rabbit anti-mouse serum (DAKO) as the
second reagent. O-phenyl diaminedihydrochloride (Eastman
KODAK, Rochester, NY) (0.2% in 0.1 M phosphate buffer, pH 6.0)
activated by 0.03% H 02 was used as a substrate for the
peroxidase enzyme (16,1%).

Immunodiffusion

Subclasses of the mouse antibodies were determined by
standard agar gel diffusion(Ouchterlony). Specific antisera
directed against the various subclasses were purchased from
Nordic.

Human tissues

Prostatic tissue was obtained from various sources. Fresh
tissue was collected from transurethral specimens obtained
from clinically diagnosed benign prostatic hyperplasia (BPH)
patients. In addition, samples of radical prostatectomy
specimens were snap frozen and stored in 1liquid nitrogen.
Tissues were used for preparation of BPH cell lysates and for
immunohistochemical assays on cryostat sections. Paraffin-
embedded tissues from prostatic carcinoma, BPH (transurethral,
biopsy, and prostatectomy samples), and from a large series of
different control tissues were used for the immunoperoxidase
assay on formalin-fixed sections.
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Immunohistochemial technigues

An indirect immunoperoxidase assay was carried out on
acetone fixed 5 u thick cryostat tissue sections using
peroxidase conjugated rabbit anti-mouse antibodies (DAKO) as
the second reagent. Diamino benzidine (0.05% in 0.2 M Tris-
HCl, pH 7.0) was wused as the enzyme substrate. Tissue
sections were counterstained with hematoxylin. A similar
technique was employed for formalin-fixed sections (8). 1In
some experiments, slides were preincubated with pronase (0.1%
in phosphate-buffered saline, PBS) for 7 min at roonm
temperature (19,20). Rabbit polyclonal antibodies directed
against PAP and PA were obtained from Immulok.

Preparation of cell lysate

For preparation of a 1lysate, BPH tissue (approximately
0.5 g) was minced into small pieces and suspended into 2 ml
Tris-HCl buffer (0.01 M, pH 7.5) containing 0.15 M NaCl, 0.05%
Triton X-100 and 1 mM phenylmethyl sulfonyl fluoride (PMSF).
Cells were further disrupted by pottering and sonication
(small probe, 30 sec, max speed, Branson B 12 sonifier). The
lysate was clarified by centrifugation (15 min 12,000 g).
Protein concentration of +the supernatant was approximately
8 mg/ml as measured in the Biorad protein assay (BSA
standardized).

Monoclonal antibody affinity chromatogqraphy

Protein in 1 ml of ascites of hybridoma bearing BALB/c
mice was bound to 1 g CNBr-activated Sepharose 4B using
conditions described by the supplier. A 3-ml column was poured
and 0.5 ml of BPH lysate analyzed over this column. Elution
of this affinity column was at 1.5 ml/h and 4°C in PBS
containing 1 mM PMSF; 1-ml fractions were collected. After
six fractions, the velocity was increased to 10 ml/h. After
two hours, bound proteins were eluted by 3 M KSCN in phosphate
buffer (pH 7.6, 1 mM PMSF). Protein containing fractions were
pooled and dialyzed overnight against PBS at 4°C. The
purified protein was concentrated 25-fold on an Amicon
centricon-10 filter.

- Electrophoresis

Fractions of a monoclonal antibody affinity column were
further analyzed by SDS-polyacrylamide electrophoresis
according to Laemmli (21). (Concentrated) column . samples of
20 pl were mixed with 5 pul of sample buffer and boiled for
5 min, followed by electrophoresis on a 10% gel for 3% hours
at 17 mA. Gels were stained with Coomassie Blue wusing
standard procedures.
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Immunoblotting

Proteins were transferred from a gel +to nitrocellulose

sheets (22). After transfer, filters were washed and incuba-
ted with the appropriate mouse monoclonal antibody, polyclonal
rabbit PA, or PAP antiserum (22,23). If mouse antibodies were

used, filters were further incubated in a rabbit anti-mouse Ig
antibody solution. Next, nitrocellulose sheets were incubated
for 30 min at room temperature in alkaline phosphatase
conjugated goat antirabbit IgG antibody solution (Tago).
After washing, the filters were developed in a 0.2 M Tris-HCl
buffer, pH 9.1, containing 10 mM Mgcl2 and supplemented with
4-amino-diphenylaminediazonium sulfate® (0.3%, Sigma, st.
Louis, MO) and Naphthol AS-MX phosphate disodium salt
(0.1 g/100 ml, Sigma, St. Louis, MO). Incubation was for
5-10 min at room temperature.

RESULTS

Generation of monoclonal antibodies

Hybrid cells were obtained by fusion of spleen cells of
BALB/c mice immunized with PC-82 cells with mouse myeloma cell
line P -X63Ag8.653. Growth of hybrid cells was obtained in
about goo fmicrotiter plate wells. Supernatants of the cultu-
res were analyzed for their reactivity to PC-82 cells; human
lymphocytes were used as control cells. In this initial
screening, approximately 25% of the supernatants were found to
contain antibodies positive to PC-82 cells and negative to the
control cells. After rescreening by ELISA, supernatants of 54
stable cell lines were tested for their specificity using the
immunoperoxidase assay on frozen tissue section of human
prostate cancer, brain, and spleen. Thirty four samples which
either reacted with all of these different tissues or did not
react at all were discarded (10 of these preparations detected
nuclear associated antigens). The remaining supernatants were
further analyzed for reactivity with BPH, bowel, pancreas,
liver, kidney, and skin, and were rescreened against prostate
cancer, spleen, and brain tissue. The reaction pattern
obtained is summarized in Table 1. Most cross reactivity in
this final panel of McAbs was found with pancreas (this
includes both ductal epithelial lining and exocrine acini),
kidney (almost exclusively in tubuli), and bowel tissue. A
positive reaction to liver was found predominantly in
hepatocytes (diffuse or focal) or in the epithelial cells
lining the bile ducts; positive reactions were also seen 1in
sweat- and sebaceous glands, epidermis and in brain capillary
walls.

McAbs ER-Pr 1, 2, 6, and 7 showed a very limited and/or
highly specific cross reactivity pattern (Table 2). McAb
ER-Pr 6 reacted with a fraction of stromal cells in the
prostate and with smooth muscle cells in the large bowel
(Fig. 1). This antibody also reacted with the stromal
component of PC-82 tumor grown in nude mice, a surprise
finding since the stroma is of murine origin. Some light
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Table 1. Reactivity patterns of McAb's raised against PC-82
cells tested on frozen sections of different human

tissues.
""""""""""""""""""""""""""""""" Percentage
Tissue No. tested of positive
BPH 20 30
Prostate carcinoma 17 90
Pancreas 13 68
Kidney 15 60
Bowel 19 55
Skin 11 45
Liver 13 40
Brain 17 30
Spleen 17 25

Table 3. Reactivity of McAb Er-PR 1 against formalin-fixed and
frozen sections of different human tissues.

Positive after

Positive pronase treatment

N (%) (%)
BPH (fr) 11 11 (100) ND
Prostate carc. (fr) 10 10 (100) ND
BPH (ff) 16 13 (81) 13 (81)
Prostate carc. (ff) 18 11 (61) 14 (78)
Parotid gland (ff) 2 0 (0) ND
Ureter (ff) 3 0 (0) ND
Testis (ff) 1 0 (0) ND
Seminal vesicle (ff) 2 0 (0) ND
Stomach carc. (ff) 19 0 (0) 0 (0)
Colon carc. (ff) 11 0 (0) 0 (0)
Kidney carc. (ff) 12 0 (0) 0 (0)
Pancreas carc. (ff) 10 0 (0) 0 (0)
Lung carc. (ff) 10 0 (0) 0 (0)
Bladder carc. (ff) 8 0 (0) 0 (0)
Mammary carc. (ff) 19 0 (0) 0 (0)

fr = frozen sections; ff = formalin-fixed; ND = not done
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Table 2. Specificity of four monoclonal antibodies, raised against PC-82 cells,
determined by an immunoperoxidase assay on frozen tissue sections.

Prostate Prostate
BPH carcinoma Bowel Pancreas Kidney Brain Liver Skin Spleen

ER-Pr 1 + + - - - - - - -
ER-Pr 2 + + - - - - - - -
ER-Pr 6 +s +s +m - - - - - -
ER-Pr 7 + + +ga +d,a +gl - +p +sg -

1l

stroma; m = muscularis; ga = ganglion cells; d = excretory ducts;

exocrine acini; gl = glomeruli; p = parenchyma; sg = sebaceous glands




staining was also found in the PC-82 epithelial cells. 1In
addition to the reaction to prostate, ER-Pr 7 was the only
antibody of the entire series found to be positive to
glomerular cells and large bowel ganglion cells (Fig. 2),
indicating detection of an antigen shared by very diverse, but
specific cell types.

McAbs ER-Pr 1 and ER-Pr 2 reacted with epithelial acinar
cells of the prostate (Fig. 3). All other tissues tested,
including salivary gland, bladder, ureter, and mammary gland,
were negative. Because of their exclusive prostate specific
reaction pattern, these antibodies were investigated in more
detail. Experiments on the further characterization of ER-Pr 6
and 7 are in progress.

Characterization of ER-Pr 1 and ER-Pr 2

As measured in an Ouchterlony assay, both ER-Pr 1 and
ER-Pr 2 were found to be IgGl antibodies. The corresponding
antigen was purified from a lysate of human BPH tissue by McAb
affinity chromatography and further analyzed by SDS-PAGE. The
results of this experiment are illustrated in Fig. 4. The
electrophoresis pattern shows the presence of two major bands
in the fraction eluted at high salt concentration. After
reanalysis of this sample over an ER-Pr 1 column, most of the
high molecular weight material was found in the flow through
fraction, whereas the low molecular weight band (MW 35 kD) was
retained in the high salt wash. In some experiments, an
additional 25-kD component was observed in the high salt
fraction. An essentially identical pattern, as shown for
ER-Pr 1, was found for an ER-Pr 2 column.

For further characterization, the purified protein was
analyzed by immunoblotting using ER-Pr 1, ER-Pr 2, and
polyclonal PAP and PA antibodies. As demonstrated in Fig. 5,
the 35-kD band is stained by ER-Pr 1 proving that this Mcab is
directed against this protein. Furthermore, incubation of
filters with PAP (data not shown) and PA antibodies clearly
demonstrated that +the antigen against which ER-Pr 1 (and
ER-Pr 2, data not shown) is directed is identical to PA.

Properties of ER-Pr 1 and ER-Pr 2 on frozen and formalin fixed
tissue sections

To investigate in more detail the properties of ER-Pr 1
and 2, a series of 23 different prostate carcinomas and BPH
tissue samples, all freshly frozen and obtained at autopsy or
from surgery, were further tested by immunoperoxidase

.staining. Results are summarized in Table 3. All hyperplasia
and carcinoma tissue sections investigated were stained by
ER-Pr 1, ER-Pr 2, and polyclonal PA antibody. In contrast to
the polyclonal antibody, ER-Pr 1 and ER-Pr 2 varied in
intensity and 1in the number of epithelial acinar cells
stained. These differences concern both the inner and outer
cell layer of the acini. The most intense staining was in the
cytoplasm, but positive reactions were also noted in the
lumina of the acini.
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Figure 1:

(A) Immunoperoxidase staining of fibromuscular cells in the
interacinar stroma of the prostate using McAb ER-Pr 6 (x150).
(B) Staining of the muscularis mucosae by McAb ER-Pr & (x60).
The staining of eosinophilic granulocytes in the Llamina
propria is caused by endogenous peroxidase activity.
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Figure 2:
(A) Immunoperoxidase staining of ganglion

cells
myenteric plexus by ER-Pr 7 (x380). (B) Staining of glomerular
cells in the kidney by McAb ER-Pr 7 (x60).
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Figure 3:
(A) Immunoperoxidase staining by ER-Pr 1 of the prostate

(x60). Notice varjation in staining of cells Llining prostatic
acini. (B) Granutar staining in cytoplasm of inner and outer
cell layer of prostatic glands by ER-Pr 1 (x380).
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Figure &4:

SDS-PAGE analysis of a BPH cell lysate separated on an
ER-PR 1 affinity column. Experimental details are
described in Materials and Methods. Lane (1) marker
proteins; (2) original lysate; 3) flow through
fraction; (4) high salt wash fraction.

In addition to the frozen tissues, both antibodies were
tested on a large series of formalin-fixed samples of prostate
and control organs. Both normal and malignant counterparts
were incubated (Table 3). The negative data obtained on non-
prostate tissue confirm the results obtained on frozen
tissues. In experiments with the formalin-fixed tissues, most
of the BPH (81%) and 61% of carcinomas were stained. If
tissue slides were pretreated by pronase for a short time
period, the percentage of positive carcinomas increased to
78%. The data indicate that the epitope of PA detected by
ER-Pr 1 1is slightly sensitive to the fixative treatment.
Moreover the results suggest that the PA concentration is
higher in BPH than in carcinoma tissue, but additional
experiments are necessary to substantiate this finding.
Absence of positive reactions in a few biopsy samples could be
explained by the absence of those acini with the antigenic
determinant of ER-Pr 1 antibody, and was only observed in
small biopsies with a limited number of tubular structures.
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35 kD —

Figure 5:

Immunoblotting of BPH proteins separated by ER-Pr 1
antibody affinity chromatography. Details are
described in Materials and Methods. Lane (1), high salt
wash fraction incubated with ER-Pr 1; lanes 2, 3, and

4 are incubated with polyclonal PA antibody. Lane (2)
high salt wash of ER-Pr 1 column; Llane (3) flow through
fraction; lane (4) original BPH cell lysate.

Data obtained so far show that ER-Pr 1 and ER-Pr 2 detect
the same antigenic site of PA. Since ER-Pr 2 always shows some
background staining to stromal components of the prostate, we
believe that ER-Pr 1 and ER-Pr 2, although closely related,
are not completely identical to each other.

DISCUSSION

In this study the properties of McAbs raised against the
PC-82 prostatic carcinoma cell 1line are presented. The
suitability of this cell 1line for generation of prostatic
antibodies 1is Dbased on certain of its features that are akin
to differentiated human prostate carcinoma, including its
histological appearance, androgen dependence for prolifer-
ation, and the presence of PAP. The isolation of antibodies
against PA, as described herein, implies the presence of this
prostate specific marker in PC-82 tumors.

In our panel of antibodies, we were unable to detect anti-
bodies which were specific to carcinoma and which were less
active or not active at all against BPH or normal prostate
tissue. Several carcinoma specific antibodies have been
described in sets of McAbs raised against the PC-3, Du-145 or
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INCaP prostatic cell lines (24-29). None of these antibodies
was prostate specific. It still has to be seen whether these
McAbs will be of value for characterization of patient tissue
samples. It is possible that our series of antibodies was too
small to find carcinoma specific McAbs, however, in additional
experiments, not discussed herein, we also failed to isolate
such antibodies. Therefore, it is possible that the PC-82
cell 1line is not the best source for raising carcinoma
specific antibodies.

As expected, most of the antigens detected by the set of
McAbs were shared by other cells originating from different
malignant or normal tissues. Cellular components of the
pancreas often showed immunologic similarity to the antigenic
phenotype of prostatic cells. Four antibodies which showed
striking staining patterns were described in greater detail.
As found in this study for ER-Pr 6, two antibodies previously
described react with stromal cells in the prostate and smooth
muscle cells in large bowel tissue sections (30). Because the
antibodies have not been further characterized, a direct
comparison of the various McAbs cannot be made. Antibody
ER-Pr 7 showed an unique cross reactivity pattern not
previously described for an antibody raised against prostate
tissue.

From all McAbs screened, two (ER-Pr 1 and ER-Pr 2) were
selected for their complete prostatic specificity as
demonstrated on frozen and formalin-fixed tissue sections.
Characterization of the corresponding antigen provided
evidence that the antibodies were directed against PA. 1In a
recent experiment we also generated a McAb against PAP using
PC-82 <cells for immunization (data not shown). Prostatic
antigen, which so far may be the only prostate specific marker
besides PAP, was first described by Wang et al. (31). These
authors also raised polyclonal and monoclonal antibodies
against PA (15,32). Distinct from the previously described
Mcabs (15), ER-Pr 1 and ER-Pr 2 showed no cross reactivity to
renal tubular epithelium nor to renal adenocarcinoma cells.
Also, in contrast to previous findings (15), frozen sections
of prostate tissue contained at least equal amounts of immuno-
logically active PA reacting to ER-Pr 1 and ER-Pr 2 as
compared to formalin-fixed tissue sections. ER-Pr 1 and
ER-Pr 2 are also different from McAb F5, which is directed
against PA and is prostate specific (33). This antibody
recognizes over 95% of all acini. ER-Pr 1 and 2 react with 70%
or less of the acini.

In comparison to the commercially available polyclonal
antibodies against PA, the sensitivity of ER-Pr 1 and ER-Pr 2
was essentially equal. As mentioned above, differences in
staining of the epithelium of adjacent acini were observed and
therefore will be a minor disadvantage in utilizing McAbs in
the immunoperoxidase assay on tissue sections. PA can be
detected in sera from patients in more advanced stages of
prostate cancer and can be wused for monitoring (34,35). A
panel of different McAbs, which probably will be available
soon, could be useful for increasing the sensitivity of the
assay.
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SUMMARY

A series of 55 randomly chosen radical prostatectomy
specimens was analyzed for expression of prostate-specific
antigen (PSA) by immunohistochemical techniques. Tissue
sections were selected in such a manner that in addition to
glandular benign prostatic hyperplasia (BPH), one or more
different prostatic tumour growth patterns were present. Four
monoclonal antibodies, directed against three different PSA
epitopes, and one polyclonal anti-PSA antiserum were used.
Expression of PSA was compared with that of prostate-specific
acid phosphatase (PAP), recognized by two different polyclonal
antisera. A critical dilution aimed at a maximum of staining
intensity on BPH tissue sections was chosen for all
antibodies. Anti-PSA and anti-PAP antisera stained essentially
all BPH samples (over 90%). Irrespective of the nature of the
antibodies used, PSA expression was found to be decreased in
prostatic carcinoma. A <clear cut relationship was found
between immunoreactivity for PSA and the degree of
differentiation of the tumour area. Under the experimental
conditions used the PSA monoclonal antibodies stained only 1
out of 10 undifferentiated carcinomas, whereas 50% to 70% of
the well- and moderately-differentiated carcinomas showed
immunoreactivity. This correlation was less pronounced with
the PAP staining pattern. If the PSA antibody titer was
raised the percentage of clearly staining undifferentiated
carcinomas could be considerably increased (up to 60%-100%),
indicating that PSA expression is not absent, but lowered in
most (if not all) undifferentiated carcinomas.

INTRODUCTION

Prostate-specific antigen (PSA) was first described by
Wang and co-workers (21,28,29). It belongs to a family of
kallikrein-like serine proteases and has a molecular weight of
33-35 kD (3, 30). Recently, the primary structure of the PSA
protein obtained by direct sequencing or deduced from the cDNA
sequence has been elucidated (18,24,30). PSA is exclusively
secreted by the epithelial cells of the prostatic gland.
Because of its tissue-specific expression pattern, PSA became
of interest as being a prostate-specific (tumour) marker.
Availability of specific polyclonal and monoclonal antibodies
also made its immunohistochemical detection in neoplastic and
non-neoplastic prostatic tissue possible (6,11,12,22). 1In
addition, it turned out that the presence of PSA in sera of
patients could be wused for monitoring the natural course of
prostatic cancer and to evaluate the success or failure of
therapeutic (often endocrine) regimens (27).

Especially because of the general acceptance of PSA as
being the most reliable and sensitive prostate (tumour) marker
in serological assays, detailed analysis of PSA expression in
prostatic tumours is of high importance. Several studies have
been presented aiming to gain a better insight into the
specificity and sensitivity of PSA expression in prostatic
tumours (1,2,5,7,8,9,10,16,23,26). To extend our knowledge
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further in this regard we investigated PSA expression in
tissue sections derived from radical prostatectomy
preparations. Prostatectomy was performed for localized
prostatic carcinoma. Prostatic carcinomas are often composed
of different growth patterns within a single tumour. This
provided an ideal opportunity to compare in detail the
immunohistochemical levels of PSA with prostatic tumour
differentiation status. Since no consensus has been reached
concerning the most suited histological grading system for
prostatic cancer, immunohistochemical results were not
correlated with grading scores. In addition to PSA expression
we also studied prostate-specific acid phosphatase (PAP)
expression in this material.

MATERTALS AND METHODS

Prostatic tissue

Prostatic tissues used in this study were obtained from
prostatectomy specimens. Fifty-five patients (randomly
selected from a much larger series) with clinically staged
localized prostatic carcinoma (T1l, T2 and T3) were treated by
radical prostatectomy in the years 1980-1987 at the Department
of Urology of Erasmus University Rotterdam. Patients did not
receive any therapy prior to surgery.

All immunohistochemical assays were performed on surgical
prostatectomy specimens. These specimens were routinely fixed
in 10% buffered formalin, sectioned perpendicular to the
prostatic urethra and submitted completely for histological
examination. Tissues were routinely handled and stained with
haematoxilin-azofloxin. The number of sections per specimen
varied from 24 to 43. Of each specimen two slides were
selected 1in which equally distributed glandular Dbenign
prostatic hyperplasia (BPH) and tumour areas were present. In
all slides different subtypes of prostatic carcinoma based
predominantly upon histological features could be distinguis-
hed. Apart from well-, moderately-, and poorly-differentiated
adenocarcinomas, a cribriform growth pattern, and an undiffer-
entiated (diffusely infiltrating wvariant without acinar
formations) subtype were present in our material. In
addition, a growth variant characterized by solid undiffer-
entiated tumour areas (medullary growth pattern) and the
so-called hypernephroid or clear cell type (showing
resemblance with adenocarcinoma renis) were discerned (see
Table 1). Tumour patterns with typical endometrioid features
were not present in our material.

Primary Antibodies

PSA specific antibodies:

PSA purified from extracts of BPH tissue by affinity
chromatography using the PSA-specific monoclonal antibody ER-
Pr 1 (12) was applied to generate mouse monoclonal antibodies
and a rabbit polyclonal antiserum (PSA(pc)) using standard
procedures. Details will be published elsewhere. 1In short,
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Table 1. Distribution of different histological
patterns of prostatic carcinoma and benign
prostatic hyperplasia in prostatectomy
specimens obtained from 55 patients with
localized carcinoma.

N
well differentiated adenocarcinoma (WDA) 39
moderately differentiated adenocarcinoma (MDA) 43
poorly differentiated adenocarcinoma (PDA) 16
undifferentiated carcinoma (UC) 10
clear cell carcinoma (CCC) 12
solid tumour areas (STA) 8
cribriform carcinoma (CC) 19
benign prostatic hyperplasia (BPH) 55

specificity of the antibodies was checked by immuno-(Western-)
blotting and immunohistochemistry using extracts and tissue
sections of malignant and non-malignant human tissues from
different origins. Three monoclonal antibodies (ER-Pr 8, 12
and 27) which showed the highest reactivity with formalin-
fixed paraffin-embedded prostate tissue were analyzed in
detail. All antibodies were reactive with a 33-35 kD protein,
recognized as PSA. Monoclonal antibodies were of the IgGl
subclass. Ascites batches with high concentrations of
monoclonal antibodies were used for further studies. The four
monoclonal antibodies defined three unique antigenic
determinants of PSA as established by competition ELISA
assays. ER-Pr 8 and ER-Pr 27 were directed against the same
PSA-epitope. Antibodies were titrated for optimalization of
the most suitable dilution for immunohistochemistry.
Dilutions of all antibodies were selected in such a manner
that further lowering of the concentration resulted in a
decrease of staining intensity of BPH control sections.

PAP specific antibodies:

A  commercially available rabbit polyclonal antibody
directed against PAP was obtained from Cambridge Research
Laboratory, Cambridge, Massachusetts (Com-PAP(pc)). Addition-
ally, a rabbit polyclonal antiserum (PAP(pc)) was prepared in
our own laboratory. PAP was purified from BPH tissue by
affinity chromatography using a PAP-specific McAb, which was
able to bind PAP but did not recognize PAP in formalin-fixed
tissue. Specificity of this polyclonal antiserum was assessed
by means of the Western blot technique and immunohisto-
chemistry. As cross-reactivity existed at immunohistochemical
level, the rabbit anti-PAP serum was extensively adsorbed with
acetone-dried human pancreatic and kidney tissue powder. The
resulting purified antiserum (PAP(pc)) showed no reactivity
with pancreatic island cells, kidney tubules, mast cells or
granulocytes.
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As described above for the PSA antibodies, PAP antibodies
were used in such a dilution that further 1lowering of the
concentration resulted into a decrease of staining intensity
of BPH control tissue.

Immunohistochemistry:

Consecutive paraffin sections were cut at 5 um thickness.
After rehydration of the deparaffinized sections, the sections
were treated for 20 min with absolute methyl alcohol,
containing 0.3% H_ O, to block endogenous peroxidase activity.
Subsequently, sectidns were rinsed in PBS. Primary antibodies
were applied for 1 hr at 37°C. Subsequently, slides were
incubated with peroxidase conjugated antisera (P-rabbit anti-
mouse or P-conjugated swine anti-rabbit; Dakopatts Denmark)
for 1 hr at room temperature. Peroxidase activity was
visualized by incubating the sections in Tris-HCl1 buffer
(0.05 M, pH 7.4) containing 0.0125% 3,3'-diamino benzidine
tetrahydrochloride (Fluka AG, Switserland) activated by 0.03%
H,O (10 min at room temperature). In all cases a brief
nﬁciear counter stain with Mayer's haematoxilin was performed.
Finally, sections were dehydrated, mounted in malinol and
examined microscopically. Appropriate positive (BPH) and
negative control slides were processed in an identical manner.
Intra-epithelial staining intensities were judged subjectively
as 0 (absent), 1 (faint), 2 (moderate), or 3 (strong). For
purpose of presentation 0 and 1 were considered as negative, 2
and 3 as positive results. Since heterogeneity (variation in
number of tumour cells that stain positively) even within the
same histological subtype was often present, only areas with
the highest staining intensity were judged in both BPH and
prostatic carcinoma.

RESULTS

Histology of prostatectomy specimens

It 1is well established that prostate tumours are very
heterogeneous. In the prostatectomy specimens investigated in
this study, adjacent to prostatic carcinoma, areas of proli-
ferative benign epithelial glandular structures (glandular-
BPH) were present 1in all sections. In some areas groups of
hyperplastic glands were arranged in nodular formations. In
the 55 cases examined, tumour heterogeneity was reflected by
the large number of different growth patterns present in each
sample. Although the subdivision of growth characteristics of
prostatic carcinoma such as represented in Table 1 is somewhat
arbitrary, in our set of tumours the whole range of histo-
logical subtypes in nearly every combination was detectable
and varied from only 1 histological carcinoma type in 4 cases
to 5 different patterns in 3 specimens. Adenocarcinomas with
gland formation, irrespective their degree of differentiation,
were most frequently observed. Tumours consisting of
glandular structures were subdivided into well-, moderately-
and poorly-differentiated carcinomas based upon diameter of
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tumour glands and their resemblance to normal prostatic
glandular structures. A cribriform growth pattern was
considered as a separate entity. A total 1lack of glandular
formations in tumour tissue was only found in 5 specimens.

Expression of PSA in various prostate tumour growth patterns
and BPH present in prostatectomy specimens.

The set of 55 prostatectomy preparations was analyzed for
expression of PSA by immunohistochemical techniques using four
different monoclonal antibodies directed against three differ-
ent epitopes and a polyclonal antiserum (PSA(pc)) (see
Materials and Methods). In BPH tissue sections some hetero-
geneity in immunostaining patterns was observed with all
antibody preparations used. This heterogeneity was most
prominent when mnonoclonal antibody ER-Pr 1 was applied.
Heterogeneity was rarely detected in epithelial cells lining
the same gland, but was observed as a variation of staining of
different glands. The heterogeneity observed with monoclonal
antibody ER-Pr 1 could partially be due to a less stable
appearance of the PSA antigenic site recognized by this
antibody. In spite of the presence of some unstained glands,
essentially all (91%-98%) BPH specimens examined were clearly
stained with three out of four monoclonal antibodies and the
polyclonal antiserum against PSA. ER-Pr 1 gave somewhat lower
figures (Table 2 and Figure 1). :

We examined PSA expression in prostatic carcinoma in the
same tissue slides as used for the study of PSA in BPH.
Without subdividing the tumour regions into different growth
patterns, the immunostaining for PSA was scored between 64%
and 75% of the sections examined (Table 2). Similarly as
noted 1in BPH tissue sections, ER-Pr 1 stained the smallest
number of slides (35 out of 55), whereas the polyclonal
antiserum (PSA(pc)) and the monoclonal antibody ER-Pr 27
showed the highest percentage of positives (75%). Figure 2
depicts four examples of lowered or even absent PSA staining
in carcinoma areas as compared to the internal BPH control.
If PSA expression was compared for the various tumour growth
patterns as summarized in Table 1 an interesting distribution
could be observed (Figure 1). Fifty to 70% of those tumour
areas that consisted of glandular structures and designated as
well- or moderately-differentiated adenocarcinomas stained
positively for PSA. The variation of staining scored in our
series of poorly-differentiated carcinoma is possibly due to
some difficulties in determining the histological criteria for
this subgroup. The same is true for the small group of solid
undifferentiated tumours (Figure 1). In general, however,
this growth pattern showed a low percentage of positives. The
cribriform growing tumour areas also showed a low staining
percentage (26 or less).

The difference between PSA expression in tumour tissue and
BPH tissue was most striking in the sections containing
undifferentiated carcinoma. In the latter group almost none
of the tumour areas could be stained. As stated in the method.
section we used PSA antibodies at such a concentration that
further dilution would cause a decrease in the staining
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Figure 1:

Schematic presentation of PSA-immunoreactivity (scored 2 and 3) in BPH areas
and various growth patterns of prostatic carcinoma, determined by polyclonal
(PSA(pc)) - and McAbs (ER-Pr 1, 8, 12, and 27). 1: PSA(pc); 2: ER-Pr 8; 3: ER-Pr
12; 4: ER-Pr 27; 5: ER-Pr 1. Abbreviations of growth patterns are as described
in Table 1. )
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intensity of BPH controls. Therefore, the results obtained
reflect the maximal difference in PSA expression detectable
with immunohistochemical +techniques in +the various tumour
growth patterns and BPH.

To investigate the effect of antibody concentration on
detection of PSA expression the 10 slides containing
undifferentiated carcinoma areas were re-examined with a ten-
fold higher PSA antibody concentration. Results are
summarized in Table 3. All antibodies used showed essentially
the same shift in staining intensity. At the low antibody
titer staining could only be detected in a small number of the
undifferentiated carcinomas, whereas application of high
antibody titers resulted into staining of the majority of the
undifferentiated prostate tumours. It is obvious from these
results that differences in PSA expression level can only be
clearly detected if carefully controlled experimental
conditions are applied.

Comparigson of PSA and PAP expression in prostatic tumour
sections

Two different polyclonal antisera against PAP (Com—-PAP

(pc) and PAP (pc); see Materials and Methods section) were
used for comparison of PAP expression with that of PSA in
various prostate tumour growth patterns. Similarly as

described for PSA antibodies, PAP antibodies were applied at
such a concentration that further dilution would result in
decreased staining of BPH tissue sections. Figure 3 shows an
example of the immunostaining found with a PSA and a PAP
antibody. In this particular tumour area PSA was absent using
the initial antibody titer, whereas PAP could be readily
demonstrated. Further results are presented in Figure 4.
Identical to PSA, PAP expression assessed by either antiserum
was found to be 1lower in tumour areas as compared to BPH.
However, the differences observed were much less pronounced.
Comparison of PSA and PAP expression in undifferentiated
carcinoma and in cribriform carcinoma shows that the majority
of sections examined were pcsitively stained with PAP

antibodies, whereas the PSA antibodies were in general
negative (Figures 1 and 4). Both antisera against PAP gave
Figure 2:

Examples of diminished or absent (scored 1 or 0) PSA-immunoreactivity in growth

patterns of prostatic carcinoma. At the lower half of every photograph an area of
BPH is present. Original magnification 150x. Selected antibody titers were based on
maximum staining in BPH areas.

A Solid tumour areas; section stained by the antibody ER-Pr 12

B moderately differentiated adenocarcinoma; section stained by the antibody ER-Pr
27.

C cribriform carcinoma; section stained by the antibody ER-Pr 27.

D moderately differentiated adenocarcinoma; section stained by the antibody ER-Pr
27.
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Table 2. Number of prostatectomy specimens (%) with indicated
staining for PSA (scored 2 or 3)/total no. specimens
in benign prostatic hyperplasia (BPH) and prostatic

carcinoma regardless its histological growth

characteristics.
Antibodies BPH Carcinoma
PSA (pc) 53/55  (96%) 41/55 (75%)
ER-Pr 1 48/55  (87%) 35/55 (64%)
ER-Pr 8 50/55  (91%) 40/55 (73%)
ER-Pr 12 52/55  (95%) 36/55 (65%)
ER-Pr 27 54/55  (98%) 41/55 (75%)

Table 3. Distribution of immunostaining intensity scores
(scores 0 and 1 are combined) of PSA within undif-
ferentiated carcinoma areas assessed by polyclonal
(PSA(pc)) and monoclonal antibodies (ER-Pr 12; ER-
Pr 8) using two different concentrations of the
primary antibody.

PSA (pc) 1:6400 7 3 0 | PSA (pc) 1:640 o 8 2
ER-Pr 12 1:102.400 9 1 0 | ER-Pr 12 1:10.240 3 4 3
ER-Pr 8 1:51.200 9 1 O | ER-Pr 8 1:5.120 4 4 2

essentially identical results. From these data we concluded
that, in contrast to PSA, PAP expression is considerably less
correlated with tumor-differentiation.

DISCUSSION

Although now accepted as a reliable marker for prostatic
carcinoma both in serological and immunohistochemical assays
the detailed possibilities of application of PSA expression as
a tool for characterization of neoplastic cells of prostatic
origin and its precise correlation with tumour differentiation
are still a matter of dispute. This especially concerns
. fluctuation in PSA expression in various tumours and the
sensitivity of PSA as compared to PAP. In this study PSA
expression was investigated in various growth patterns of
prostatic carcinoma present in prostatectomy specimens.
Prostatectomy was performed without prior therapy. In
general, several different growth patterns could be
distinguished in each prostatectomy specimen and were often
even present in one single tissue slide. As an internal
control all tissue sections examined contained, in addition to
tumour regions, areas of BPH. By this approach fluctuations
in the data due to experimental artefacts or differences in
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Figure 3:

Prostatectomy tissue section showing BPH and an area of
moderately differentiated adenocarcinoma. Consecutive slides
were stained by the anti-PSA antibody ER-Pr 12 (A) and the PAP
(pc) antiserum (B). Chosen antibody titers were based on
maximum staining in BPH areas. In the tumor area PSA could
not be demonstrated, whereas PAP could be detected more
readily. Original magnification 150x.

147




148

55 A
50 4
45 4
[} 40 -
c
2
o
)
7]
g 359
7]
°
k]
& 30+
o
£
3
c
©
§ 25 4
T 20 -
[72]
=4
k=]
5 15 4
@
(2]
o
3
@
= 10 A
@]
(=
g
<
-
5 5
@
el
g
c 0 i 1 i
123 123 123 123 123 123 123 123
BPH WDA MDA PDA CCC STA cC uc
Figure &4:

Schematic presentation of PSA- and PAP immunoreactivity (scored
2 and 3) in BPH areas and various growth patterns of prostatic
carcinoma, determined by polyclonal antibodies Com-PAP(pc)(1),
PAP(pc) (2) and PSA(pc) (3). Abbreviations of growth patterns are
as described in Table 1.



the quality of the tissue slides could be reduced to a
minimum. PSA expression was correlated to the differentiation
status of a tumour area. Since consensus is lacking referring
the most appropriate grading method for prostatic carcinoma no
attempts were made to compare immunohistochemical findings
with scores of one of the various grading systems described
(13,15,19,20).

The data obtained clearly show a difference in PSA
expression in BPH and prostatic carcinoma irrespective of its
histological features. Most pronounced differences were
detected between undifferentiated tumours and the BPH control.
Under well-defined conditions (low antibody concentration) the
majority of undifferentiated tumour areas were negative when
stained with five different PSA antibodies. In most studies
described so far, a much higher percentage of PSA positive
tumours has been reported (1,7,8,10,23), although in part of
these less intense staining of less-differentiated tumours has
been noticed. Two of the more recent studies mention the
absence of PSA staining in (part of) undifferentiated tumours
(9,16). Further experiments presented here clearly establish
that the choice of the antibody titer for immunohistochemical
detection of PSA in tumour material is of wutmost importance.
If higher concentrations of specific antibodies are used most
of the wundifferentiated tumour sections in prostatectomy
specimens stain positively.

These data confirm and extend earlier observations that
PSAa 1is a very good marker for prostate carcinoma.
Furthermore, the data presented here indicate that at least
those monoclonal antibodies which are directed against
dominant epitopes of PSA (in this study ER-Pr 8 and ER-Pr 27)
are very useful in diagnostic pathology and do not differ in
sensitivity from polyclonal antibodies. Our results may lend
support to the assumption that a decrease of PSA concentration
in the sera of patients with prostatic carcinoma not always
has to reflect a successful therapeutic intervention, but may
also be the result of dominant progressive growth of
undifferentiated prostatic carcinoma. More extensive studies
correlating immunohistochemical data with PSA serum levels
have to be initiated to gain better insight in this
phenomenon. Moreover, it is our opinion that during monito-
ring of endocrine therapy special care must be taken in the
accurate interpretation of a decrease of serum PSA
concentration, especially since there are indications that PSA
expression is influenced by hormones (14).

In contrast to the results obtained on PSA a definite
relationship between histopathological growth patterns and PAP
expression was less apparent. Even at the experimental
conditions chosen which were optimal for the visualization of
differential expression, the differences in PAP expression
level in the various tumour sections were small. From our
data it can only be concluded that in tumour regions PAP
expression 1is slightly reduced. Oour data support those
earlier observations showing that in undifferentiated
prostatic tumours the presence of PAP can be more easily
detected than PSA (4,5,9,14,16,17). However, our findings
contradict the reports of others in which no difference or
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even a better PSA staining was described in poorly- or
undifferentiated prostatic carcinomas (1,2,7,8,31). Since the
prostate specificity of PAP antibodies is sometimes questioned
(25), we find it to be important to use both PAP and PSA as
prostatic tumour markers. PAP expression might provide more
information on the prostate origin of a tumour, whereas PSA
expression (or its absence) seems to be better correlated with
histological differentiation.
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ABSTRACT

The transplantable, hormone-dependent, human prostatic
carcinoma PC-82 was used as an in vivo model for monitoring
the proliferative fraction of tumor cells under the influence
of androgen withdrawal and resubstitution. The number of
cycling cells was assessed by means of an immunoperoxidase
method and monoclonal antibody Xi-67. The number of Ki-67
positive tumor cells dropped from an average of 17% in
androgen-supplemented, tumor-bearing female BALB/c mice to
approximately 1.0% within 10 days after removal of the
testosterone (T) implant. A similar effect was noted after
castration of tumor-bearing male BALB/c mice. Androgen
resubstitution after a 10-day period of T deprivation resulted
in a rise in the tumor cell proliferation index to 20% within
4 days. The same pattern of response to androgen depletion
and resubstitution was found when the number of cycling cells
in S phase was assessed by the 5-bromo-2'deoxyuridine
incorporation technique. Administration of supraphysiologic
dosis of T in intact male mice did not lead to an increase in
the number of Ki-67-stained nuclei. Androgen manipulation did
not influence the immunchistochemically assessed expression of
prostatic acid phosphatase and prostate-specific antigen. The
rapid effect of hormone deprivation and resubstitution in the
tumor cell proliferation fraction suggests that monoclonal
antibody Ki-67 can be wused for monitoring the short-term
effects of hormonal treatment of prostatic cancer.

INTRODUCTION

Prostatic cancer is often treated by endocrine management,
e.g. administration of estrogens, anti-androgens, luteinizing
hormone releasing hormone agonists and antagonists, castration
or other androgen—-depriving procedures (1,2). In general, the
therapeutic outcome can only be evaluated after a period of at
least several weeks (1). In the majority of patients, the
tumor becomes insensitive to further hormonal therapy as the
disease progresses (1). To prevent unnecessary side effects
due to hormonal treatment and to facilitate a timely change of
the therapeutic regimen, early evaluation of the effects of
hormonal manipulation of prostatic cancer could be of great
value.

The human prostatic carcinoma PC-82 1is an androgen-
-dependent cell line that can only be maintained by serial
transplantation intoc intact male nude mice or into castrated
male and intact female mice supplemented with androgen (3).
Due to its androgen-dependent growth, its relatively slow
growth rate in vivo, its moderately differentiated
histological appearance (still resembling the original tumor)
and the secretion of both PAP and PSA, the PC-82 tumor appears
to be a suitable model for studying hormonal effects on human
prostatic cancer growth (3-5).

Recently, a monoclonal antibody, Ki-67, was described (7)
that identifies a nuclear DNA-related antigen associated with
proliferation. The presence of this antigen is not only
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observed in cells in mitosis but also in cells during the G.,
S, and G, phases (7,8). The antibody, used in an immunohistd-
chemical“technique, 1is a reliable tool for the quantification
of the proliferative fraction of a human tumor.

In an attempt to detect an early effect of hormonal
treatment on hormone-responsive prostatic carcinoma, we
performed an androgen depletion-androgen repletion protocol to
manipulate tumor cell kinetics in the human PC-82 prostate
tumor model in nude mice.

MATERIALS AND METHODS

Tumor _cell line

The PC-82 prostatic carcinoma was maintained by serial
transplantation of tumor tissue fragments into intact male or
into T-supplemented female or castrated male nude mice of the
BALB/c strain, as described earlier (3). Routinely tumor
grafts were inoculated subcutaneously into both flanks of the
host animals. Single- and double-take tumor samples were
distri-buted equally among the experiments described later in
this paper. Administration of T in female mice was performed
by using subcutaneous T-containing Silastic implants (10 mg T;
average plasma T value, 25 nM/liter) (9). Castration was
performed via the scrotal route under total anesthesia with
the use of tribromoethanol (Janssen Pharmaceutica, Beerse,
Belgium) .

Experimental protocol

The effects of androgen withdrawal were determined by
castration of PC-82-carrying intact male nude mice. Animals
were sacrificed at 2, 7, and 10 days after bilateral orchidec-
tomy.

An androgen depletion-androgen repletion protocol, used to
manipulate tumor cell kinetics, was applied to PC-82-
transplanted female mice that received at the same time a
T implant (length, 1.0 cm). Androgen withdrawal (i.e., remo-
val of the T implant) was performed when tumors were in the
exponential phase of growth. The animals were sacrificed at
different time points after androgen withdrawal or after
reimplantation with T. This protocol was followed in 4
separate experiments with the use of different (overlapping)
time frames. 1In each study, the duration of the androgen-free
period was limited to 10 days. 1In experiment 4 tumor-bearing
mice also were given ip injections of 10 mg BrdUrd/kg 1 hour
before they were killed. This procedure was performed to
attain simultaneous results with different techniques for
measuring proliferation (10).

Some tumor-bearing, intact male mice were treated with a
high dose (100 pg) of T for 5 days (resulting in high plasma
levels of T) to examine the effect of supraphysiologic plasma
T levels on the PC-82 tumor. After sacrifice of the animals,
tumor nodules were excised, and a representative part of each
tumor was immediately frozen in liquid nitrogen and stored at
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-80°C until further use.

Immunohistochemistry

All immunohistochemical assays were performed on cryostat
sections of 5 um thick. Sections were fixed in acetone for
10 minutes. Rabbit antibodies directed against secretory PAP
and PSA were purchased from Ortho Diagnostic Systems, 1Inc.,
Raritan,NJ. The antigen-antibody binding was visualized with
an indirect peroxidase-antiperoxidase procedure.

The murine monoclonal antibody Ki-67, defining a human
proliferation-associated nuclear antigen, was commercially
obtained from DAKO, Immunoglobulins Ltd., Copenhagen, Denmark,
and was applied in a dilution of 1:5 in PBS containing 0.01%
gelatine and 0.1% sodium azide. To visualize incorporated
BrdUrd, a murine monocleonal antibody (Becton Dickinson
Monoclonal Center, Inc., Mountain View, CA), diluted 1:10 in
PBS containing 0.01% gelatine and 0.1% sodium azide, was used.
Pretreatment of slides before application of the monoclonal
anti-BrdUrd antibody was performed in the same manner as
described by Schutte et al. (10). Pronase treatment of frozen
slides was, however, omitted. A peroxidase—-conjugated
polyclonal rabbit anti-mouse antibody (DAKO Immunoglobulins
Ltd.) was used as second-step reagent in the indirect
conjugated peroxidase assay for detection of Ki-67 and the
monoclonal anti-BrdUrd antibody.

In both methods, 0.05% 3.3'-diaminobenzidine tetrahydro-
chloride, in 0.2 M Tris-HCl buffer (pH 7.2) and activated by
0.075% H20 , Wwas employed as a substrate for the peroxidase
enzyme. A%ter the immunoperoxidase staining reaction, slides
were rinsed in absolute ethanol containing 5% acetic acid and
8% formaldehyde. Subsequently, the slides were rinsed in tap
water and counterstained for 10 minutes in full-strength
Mayer's hematoxilin. In each experiment, control ©PC-82
sections were incubated with PBS instead of the primary
antibody.

Quantification of the number of cvcling cells

To obtain objective data, in each section 500 epithelial
tumor cell nuclei were counted in nonadjacent, randomly chosen
nonperipherally localized, high power fields (objective 100x).
The mean percentage of immunopositive nuclei per section slide
was calculated. Counting of nuclei was facilitated using a
grid of measured dimensions inserted in one of the ocular
tubes of the microscope.

RESULTS

Staining properties of the Ki-67 antibody in PC-82 tumor

In all sections tested, only a fraction of the nuclei
(<30% in all cases) showed immunoreactivity. The percentages
of immunopositive nuclei in tumor tissue grown in intact male
and T-supplemented female mice are listed in table 1. There
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Table 1. Percentage of Ki-67-positive cells of
PC-82 tumor tissue grown in intact male
and in T-implanted female nude mice

Mouse Ki-67 positive cells, % Mean * SD
Males
#1 12.2
#2 18.8 +
43 15.4 16.1%4.0
#4 18.0
Females
#5 14.6
#6 8.8
#7 20.0 17.0%4.1
#8 21.8
#9 19.8

was no statistically significant difference in the proli-
feration index between male and T-supplemented female host
animals. In the immunopositive fraction, some variation in
intensity of nuclear staining was observed. Irrespective of
the degree of nuclear staining, staining of nucleoli was
always marked (fig. 1), with only slight variation. Prominent
nucleoli, without staining of the surrounding nuclear content,
were only sporadically observed. The latter also were regar-
ded as immunopositive nuclei. Independently of the gender of
the host animal, most slides showed a slightly larger number
of Ki-67-positive nuclei at the periphery of the tumor and in
the perivascular region.

Inasmuch as the vascular and stromal compartments in the
PC-82 tumor are both of murine origin and as the second
antibody used was a rabbit antibody directed against murine
proteins (see "Materials and Methods"), an inevitable but
moderate background staining of these areas was observed.
Since the monoclonal antibody Ki-67 was raised against a crude
nuclear fraction of L428 cells (a Hodgkin's disease-derived
human cell line), immunoreactivity with nuclei of the murine
compartment was not found within the human PC-82 tumor.

Effect of hormonal manipulation on Ki-67 expression in PC-82
tissue grown in male mice.

Androgen deprivation by means of bilateral orchidectomy
resulted in a decline 1in the percentage of Ki-67-positive
nuclei (from an average of 16.1% for control mice (table 1) to
10.7% within 2 days (table 2)). This percentage decreased
further to 1.5% at 7 days and to 0.2% at 10 days after
castration. At this time point, changes in the tumor volumes
or tumor weights were not yet demonstrable.

157



Table 3. Effects of androgen manipulation on proliferative
activity in PC-82 tumor tissue assayed in 4 Kkinetic
studies in female mice.

Mouse Tumor EndocriBe Ki-67-positive

state cells, %
(BrdUrd labeling index, %)

Experiment 1

#1 R TO 14.6
L T0 14.6
#2 R T 10- 0.2
#3 L T 10-/2+ 14.3
#4 L T 10-/10 17.9
Experiment 2
#1 R T 3.9
#2 L 101- 2.7
#3 R T 2- 2.3
L T 2- 0.2
#4 R T 3- 1.5
#5 L T 4- 0.2
#6 R T 10- 0.2
#7 R T 10-/1+ 0.8
#8 L T 10-/2+ 0.0
Experiment 3
#1 R T, 21.8
Lc To 19.8
#2 R T 10- 1.4
L T 10- 1.9
#3 Lc T 10-/1+ 6.2
#4 R T 10-/2+ 5.7
L T 10-/2+ 2.8
#5 L T 10-/4+ 18.8
R, T 10~/4+ 21.1
#6 R T 10-/7+ 30.9
Experiment 4
#1 L T, 16.3 (11.2)
R T, 18.6 (7.4)
. #2 L T 10- 1.0 (0.4)
R T 10- 1.0 (0.4)
#3 L T 10-/4+ 19.3 (10.4)
R T 10-/4+ 27.6 (16.0)
ER = right; L = Left
Ty= starting point (time 0); - = duration, days, of

c T withdrawal; + = duration, days, of T resubstitution
Sections were photographed and are shown in fig. 2.
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Table 2. Effect of castration on percentage of Ki-67
positive cells in PC-82 tumor grown in male mice

Mouse Duration of Ki-67-positive
castration, days cells, %

#1 2 10.7

#2 7 1.5

#3 10 0.2

Figure 1:
Section of the PC-82 tumor, grown subcutaneously in intact male
mice, and incubated by the monoclonal antibody Ki-67 (150x).
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Figure 2:

pc-82 sections derived from tumors grown in female mice at three
different time points during androgen manipulation (expt 3): at
10 days after androgen withdrawal (2A), and at 2 days (2B) and
7 days (2C) after reimplantation of T (150x).



Histologically, no areas of necrosis were found in either
tumor in this series.

Administration of high doses of T (100 pg) for 5 days in
intact male mice did not 1lead to a further rise in the
percentage of Ki-67-positive nuclei when compared to the
percentage for control mice.

As judged by the staining intensity in the immunohisto-
chemical assay, androgen deprivation did not affect the
expression of PAP and PSA.

Effect of androgen withdrawal and resubstitution on no. of
cycling tumor cells in PC-82 tissue grown in female mice.

The results of 4 separate experiments, performed according
to the depletion-repletion  protocol (as described in
"Materials and Methods"), are shown in table 3. Experiment 2
showed very low percentages of Ki-67 positive cells on
day 1,2, and 4 after removal of the T implant, although an
exceptionally 1low proliferation index (< 5% positive nuclei)
was found in the control (TO0) tumor at +the start of the
experiment The other 3 experiments also indicated a
drastic decllng in the Ki-67-determined proliferative fraction
on day 10 after removal of the T implant. A complete return
of the number of Ki-67-positive tumor cells to the control
value was attained in the first, third and fourth experiments
2-4 days after replacement of T (table 3; fig. 2) In the third
experiment, prolonged resubstitution of T led to a further
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increase in the proliferative fraction (< 30% at 7 days).
Results obtained by the BrdUrd assay for quantification of the
number of cycling cells in the S phase (table 3, expt 4) were
in agreement with those obtained by the Ki-67-determined
proliferative fraction. At 10 days T withdrawal and 7 days
resubstitution (time point T 10-/7+), the preferential
perivascular localization of Ki-67-positive cells, noted at
earlier time points was no longer detectable (fig. 3).

In all samples listed in table 3, no T-related variations
in intensity of staining were noticed in the expression of PAP
and PSA assessed in cryostat sections.

DISCUSSION

In this report we describe the early effect of hormonal
manipulation on the proliferative activity of human prostatic
tumor cells using the human hormone-dependent tumor model
PC-82, which is serially transplantable in nude mice (3).

The sporadic occurrence of mitotic figures in human

prostatic cancer (11), including the PC-82 tumor, precludes
the use of this feature for the assessment of the tumor cell
proliferative fraction. Compared to other malignant

neoplasms, the low thymidine labeling indices for prostatic
cancer, as reported by Meyer et al. (12) indicate that a large
proportion of cells present are either quiescent with respect
to cell cycle or are progressing through it very slowly with
long intermitotic intervals.

Androgen withdrawal in PC-82 tumor-bearing mice leads to a
complete inhibition of tumor growth but not to a drastic
regression of tumor volume, whereas resubstitution of T (even
after longer periods of time) results in a rapid onset of the
growth rate (4). Therefore, we assumed that during androgen
deprivation, the cells enter the G0 phase of the cell cycle
and remain in a quiescent state.

Although the precise nature of the human nuclear
proliferative antigen, which is recognized by monoclonal
antibody Ki-67, is still unknown, Gerdes et al. (8),
demonstrated that it is expressed in the G,, S, G,, and M
phases of all human continuously cycling %ells but®is absent
in G, phase. Thus application of this antibody in the PC-82
mode? might discriminate between resting and cycling cells.

The present study shows that in PC-82 tumors, expression
of the Ki-67-defined proliferation antigen declined within
4 days after removal of the T implant from PC-82 tumor-bearing
female mice (table 3). A similar decline of cycling cells
also was observed in castrated PC-82 tumor-bearing male mice
(table 2).

In the PC-82 model, a rapid recovery of proliferation
within 4 days (expts 3 and 4) after T-resubstitution was
observed (table 3). The 30% of positively stained nuclei at
7 days after T-replacement (table 3, expt 3) may suggest a
rebound effect of PC-82 cell proliferation. Further
experiments covering the traject of 1-10 days after androgen
replacement need to be performed to verify this phenomenon.
Controversely, no rise in the percentage of cycling cells, as
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Figure 3:

Resubstitution effect as observed at time point T 10-/2+ (3A) in
expt 3. Note the preferential localization of Ki-67 positive
pCc-82 tumor cell nuclei surrounding the medium-sized blood
vessels (3A). This preferential Llocalization was Llost at time
point T 10-/7+ (3B) (70x).
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compared to control values, was achieved after administration
of high doses of T administration in PC-82 tumor-bearing,
intact, male nude mice. With the use of the BrdUrd incorpora-
tion technique, only cells in the S phase were detected (10),
and as a consequence the percentages of BrdUrd-positive cells
should be lower as compared to the Ki-67-determined proli-
feration indices. The effects of androgen withdrawal and
repletion on the BrdUrd 1labeling indices (table 3, expt 4)
provided further evidence for the assumption that the changes
in Ki-67 labeling percentages reflected a decrease or an
increase of proliferating cells rather than increases or
decreases in numbers of tumor cells in the G. phase.

Rijnders et al. (13) recently showed thdt the expression
of the oncogene fos in the PC-82 tumor is similarly regulated
- by androgen withdrawal and resubstitution as is the expression
of the Ki-67 defined antigen. Analogous to this observation,
a transient expression of fos-encoded proteins was induced in
benign fibroblasts very early after growth stimulation by
platelet-derived growth factor (14). Thus far, one might
speculate that a deregulated constitutive expression of the
fos oncogene can lead to unlimited cell proliferation and
transformation (15).

Contrary to these findings, no T-related changes of the
immunohistochemically determined expression of PAP and PSA
were found in our study. Quantitative experiments related to
the PAP concentration in PC-82 tumor samples, as reported
earlier (16) are in agreement with these findings. A decline
in PAP and PSA in the serum of patients under hormone treat-
ment might thus reflect a decrease in tumor volume instead of
a decline in secretory activity in the individual tumor cells.

Recently, comparable effects of hormone manipulation on
proliferative activity were reported from similar experiments,
in which the rat ventral prostate (17) and the Dunning rat
prostate adenocarcinoma (18) were used. In the hormone-
dependent Dunning R 3327H tumor it was shown that after a
postcastration period of 12 days, androgen repletion resulted
into a rapid increase (from 2 to 10%) of cells in S phase. A
peak of reactivity exceeding the precastration value was
reached at 72 hours after androgen administration, after which
a decline to control levels was observed.

Further experiments, applying a fluorochrome-labeled Ki-67
antibody coupled to flow cytometric DNA analysis, may provide
additional information on the distribution of PC-82 tumor
cells over the G, and G, phases of the cell cycle at different
hormonal stages of the fost animal. Since both withdrawal and
resubstitution of androgens have a profound effect on the
Ki-67 determined proliferative activity of the PC-82 tumor,
this technique might be useful for evaluation of the effects
of hormonal therapy of patients with prostatic cancer.

Inasmuch as it is possible to perform the here-described
assay on cytologic smears, the technique of sequential (fine-
needle) aspiration biopsies of (PC-82) tumors might yield
additional information on proliferative response during
hormonal manipulation of individual tumors. The application
of this technique to patients with prostatic cancer thus may
contribute to the early identification of responders and
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nonresponders to endocrine therapy.
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SUMMARY

Growth fractions were assessed immunohistochemically in
prostatic tissues with benign glandular hyperplasia (BPH) and
in specimens of prostatic cancer using the monoclonal antibody
Ki-67. This antibody is specific for a proliferation-associa-
ted nuclear antigen. In BPH tissues about 0.3% of nuclei of
epithelial cells was reactive with Ki-67. The Ki-67 positive
nuclei were distributed equally among the basal and luminal
cells of the hyperplastic prostatic acini. In prostatic
cancer the KXi-67 defined growth fraction ranged from 0.4% to
9.1% (mean value 2.9%). Cancers with a cribriform growth
pattern and tumors composed of solid areas of undifferentiated
cancer cells showed the highest growth fraction (average
values 4.0%, respectively 7.6%). The investigated 4 tumors
composed of undifferentiated solitary tumor cells with diffuse
infiltration of the stroma demonstrated an unexpectedly low
growth activity (average 1.2%). In cancers with a glandular
growth pattern the Ki-67 defined growth fraction of tumor
cells varied from 2.2% to 5%. Compared with other epithelial
tumors these values are low, but they are in agreement with

he earlier findings on prostatic cancer obtained with
H-thymidine 1labeling and bromodeoxyuridine incorporation.
The observed variation in the level of Ki-67 defined growth
activity partly related to the histological tumor pattern
suggests that Ki-67 labeling may serve as a prognostic factor
additional to the current histopathological grading criteria
of prostatic cancer.

INTRODUCTION

The production and characterization of the murine
monoclonal antibody Ki-67 directed against a human nuclear
antigen associated with cell growth has enabled the
immunocytochemical assessment of growth fractions in frozen
sections (1-4) and on fine needle aspiration smears (5). The
Ki-67 defined antigen 1is present throughout the cell-cycle
except during GO and early Gl (1,2). Recent studies
demonstrated that the Ki-67 score correlates well both with
mitotic index and with S-phase fractions determined either by
DNA precursor incorporation techniques or by DNA-flowcytometry
(6-12). Since only a minor fraction of growing cells is in
mitosis or present in S-phase it can be expected that counting
of mitotic figures and determination of S-~-phase fractions by
tedious methods yield an incomplete reflection of the actual
growth activity of a given tumor. The latter disadvantages
are surpassed by the application of the Ki-67 antibody.

Prostatic cancers pursue a highly variable course. The
predictive value of current histological grading systems for
prostatic cancer is hampered by the lack of inter- and intra-
observer reproducibility (13). In contrast with grading
systems developed for other types of cancer (e.g. breast
tumors; 14), most grading methods for prostatic cancer do not
imply the mitotic rate in the criteria for grading. The use
of this parameter as a prognostic criterium in prostate cancer
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has probably been impeded due to the extremely low number of
mitotic figures in these tumors. Meyer et al. (15) and Nemoto
et al. (16) have confirmed this low proliferative activity in
normal prostate, BPH and prostatic cancer by determination of
S-phase fractions.

In this study we investigated the Ki-67 defined growth
fractions in human prostatic cancer and BPH and we sought to
establish a possible relationship between Ki-67 assessed
growth rates and histopathologic characteristics of prostatic
carcinoma.

MATERTALS AND METHODS

Prostatic tissue

Prostatic tissue was obtained from 33 patients with
localized prostatic cancer, randomly selected from a much
larger series. These patients underwent in the years 1983-
1988 a suprapubic total prostatectomy. Prior to surgery no
other therapy, especially no hormonal treatment was given.
Immediately after surgery, prostatectomy specimens were
sectioned in a step-wise fashion perpendicular to the
prostatic urethra. Tumor areas were macroscopically localized
and proven by means of histologic examination of cryostat
sections routinely stained with eosin-Mayer's haematoxilin.
Subsequently, samples of tumor areas were snap frozen in
isopentane and stored in liquid nitrogen until further use.
The remainder of the specimen was fixed in buffered 10%
formaldehyde solution and submitted in toto for routine
histopathologic examination. Similarly, 6 samples of
transurethral specimens of patients with benign prostatic
hyperplasia were snap frozen. Again, none of these patients
received hormonal treatment prior to endoscopic resection.

Immunohistochemistry

The murine monoclonal antibody, Ki-67, was purchased from
Dako Immunoglobulins Ltd., Copenhagen, Denmark. As second
step reagent a peroxidase-conjugated polyclonal rabbit anti-
mouse immunoglobulin serum was applied (Dakopatts, Denmark).
In brief: 6 um cryostat sections were cut from each sample,
air dried and fixed for 10' in acetone. Afterwards, slides
were rinsed in phosphate buffered saline (PBS; pH 7.4) and
incubated with the Ki-67 monoclonal antibody for 60' at room
temperature at a dilution of 1:5 in PBS containing 0.01%
gelatine and 0.1% sodium azide. Subsequently, sections were
rinsed in PBS to remove the excess of unbound antibody,
followed by incubation with the second reagent. After a final
thorough washing in PBS, antigen-antibody binding was
visualized by incubating the sections in TRIS-HCl buffer
(0.05 M, PpH 7.4) containing 0.0125% 3,3'-diamino benzidine
tetrahydrochloride (Fluka AG, Switserland) activated by
0.03% H,O (10' at room temperature). Sections were lightly
counterétfined with Mayer's  haematoxilin for exactly
15 seconds to obtain a discrete nuclear staining pattern
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without obscuring the Ki-67 reactivity. Replacement of the
primary antibody by PBS served as a negative control whereas
frozen sections of the prostatic cancer cell line PC-82 (grown
in the presence of androgens) were considered as positive
controls (17). Of all samples analyzed immunohistochemically
with the Ki-67 antibody (human prostatic tumor; BPH and PC-82)
consecutive sections were stained routinely with haematoxilin
and eosin for optimal microscopic examination in order to
evaluate the different histologic growth patterns. No attempt
was made to determine the mitotic rate.

Assessment of the Ki-67 defined growth activity

Tissue sections stained with the antibody Ki-67 were
examined by light-microscopy. Counting of negative and
positive nuclei was performed at a magnification of 400x. For
enumeration a number of high-power fields were randomly
selected. To facilitate the counting procedure a grid of
measured dimensions was inserted in one of the ocular tubes.
The number of nuclei observed in every case ranged from 500 to
1000. Regardless of its intensity and distribution within the
nucleus, cell nuclei were considered as positive if there was
any nuclear staining present. As proposed by others (18) the
Ki-67 growth fraction or Ki-67 score was determined by the
quotient of Ki-67 positive cells and total number of cells.
In those specimens showing more than one architectural tumor
growth pattern counting was performed for each histologic
growth pattern separately.

Statistical analysis

To investigate a possible relationship between the Ki-67
score and diverse histologic growth patterns of prostatic
cancer the Mann-Whitney U test was wused (19). One-tailed
probabilities were determined.

RESULTS

Histology

The 6 cases of BPH investigated in this study were
exclusively characterized by proliferation of the epithelial
fraction resulting in hyperplastic glands showing intraluminal
papillary folding of the 1lining epithelium. Apart from
arrangement of hyperplastic glands in (often enlarged) lobular
‘formations, a nodular appearance of proliferating glands was
observed. No other types of prostatic hyperplasia such as
fibromuscular proliferation or exclusive proliferation of the
basal cell layer of prostatic acini were included in this
survey. Nor was squamous metaplasia present in those sections
used for assessment of the Ki-67 defined growth fraction.

Instead of grading, prostatic tumors were categorized into
several growth characteristics according to generally accepted
features. Apart from tumors consisting of glands and designa-
ted as well-, moderately, or poorly differentiated adenocarci-
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nomas (respectively WDA, MDA, PDA), also undifferentiated
cancers (UC), tumors with cribriform growth patterns (CF) and
tumors composed of undifferentiated neoplastic cells arranged
in well circumscribed islets (considered as solid tumor areas:
STA) were discerned. The latter growth characteristic is by
other investigators designated as a medullary pattern (16).

Heterogeneity of prostatic cancer was reflected by the
fact that in the 33 cryostat sections derived from
33 different prostatectomy specimens a total of 40 growth
patterns could be recognized (Table 1). Two growth patterns
were present in 5 cases. In one case even 3 growth patterns
could be detected. The human androgen-dependent prostatic
cancer cell-line PC-82 shows an exclusive cribriform growth
pattern.

Ki-67 defined gqrowth fractions in glandular BPH

The number of cells that showed nuclear immunoreactivity
for the Ki-67 antibody in BPH tissue sections was low. Data
are presented in Table 1 and Fig. 1. Immunopositive nuclei
were equally distributed amongst basal cells and inner
cylindric cells (Fig. 2A). In the 6 cases of BPH studied a
mean value of 0.3% Ki-67 positive cells was found. In some
hyperplastic glands cytoplasmic immunostaining was present in
basal cells; nuclei in these cells lacked immuno-reactivity
(Fig 2B). A similar cytoplasmic staining pattern was
recognized by others in breast and cervical epithelium
(12,20), but this reactivity seems not to be correlated with
proliferative activity. Background staining was fully absent.
Sporadically, nuclei of stromal cells showed Ki-67 reactivity.

Table 1. Ki-67 defined growth fractions (or Ki-67 scores) (%)
in wvarious histologic growth patterns of human
prostatic carcinoma, in BPH and in the prostatic
cancer cell line PC-82.

N range mean
value
benign prostatic hyperplasia 6 0.2-0.4 0.3
human prostatic cancer cell line (PC-82) 9 8.8-21.8 16.6%*
well differentiated adenocarcinoma 4 0.7-4.0 2.9
moderately differentiated adenocarcinoma 15 0.4-4.8 2.5
poorly differentiated adenocarcinoma 8 0.6-7.1 2.5
undifferentiated carcinoma 4 0.6-2.5 1.2
cribriform carcinoma 7 1.7-7.5 4.0
solid tumor areas 2 6.2-9.1 7.6

* see reference 17
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Ki-67 defined proliferative activity in BPH and in
the various growth patterns of prostatic cancer,
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Figure 1:

Ki-67 defined growth fractions in glandular benign prostatic
hyperplasia (BPH), and in the various growth patterns of
prostatic cancer i.e. adenocarcinomas (AC): well differentiated
adenocarcinoma; moderately differentiated adenocarcinoma; poorly
differentiated adenocarcinoma (WDA: A , MDA: ® , PDPA: ¥ ), and
cribriform cancer (CF), undifferentiated cancer (UC), and solid
tumor areas (STA) (all latter tumor patterns including BPH are
depicted in the figure as @).



Figure 2:
Immunolabeling of glandular BPH with Ki-67. A: Immunopositive

nucleus within the inner cylindric cell-layer of hyperplastic
acinus (magnification 600x). B: Cytoplasmatic expression of
Ki-67 1in the basal cell Llayer of hyperplastic gland without
nuclear immuno-reactivity (magnification 380x). Nuclear
counterstaining with haematoxylin.
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Ki~-67 defined growth fractions in prostatic carcinoma

In general, staining was most prominent in the nucleoli of
neoplastic cells. In some tumor cells only nucleoli were
stained, whereas the remainder nuclear area was nhegative.
Results of the Ki-67 defined growth fractions related to the
different histopathologic growth patterns of prostatic cancer
are summarized in Table 1 and Fig. 1. Comparatively high Ki-67
scores were obtained in CF and in STA tumors. The highest
growth activity was observed in the PC-82 tissue sections
(16.6%). In the 4 UC cases the Ki-67 values tended to be
lower in comparison with those obtained in cancers with
glandular differentiation regardless of their differentiation
grade, but no statistical significance was reached (p = 0.07).
The growth fractions of CF were significantly higher than
those of UC cancers. Similarly, the CF cancers had higher
Ki-67 values than cancers with glandular differentiation
irrespespective of their differentiation grade (p = 0.05).
When CF cancer combined with STA were compared  with
adenocarcinomas regardless .their grade of differentiation

statistical significance was obtained (p = 0.01). Examples of
Ki-67 labeling in different growth patterns of prostatic
cancer are presented in Fig. 3. In all tumor samples

heterogeneity of the Ki-67 nuclear staining pattern was
considerable and often clustering of immunopositive nuclei was
observed. By counting at 1least 500 nuclei a bias in the
selection of tumor areas was avoided as much as possible.
Contrary to basal cells in BPH, tumor cells did not display
cytoplasmic Ki-67 immunoreactivity. In morphologically
heterogenous prostatic tumors it appeared that the Ki-67 score
was identical in each of the growth patterns within the same
tumor. For example, in the case characterized by the presence
of WDA, MDA and CF tumor areas, the Ki-67 defined growth
fraction was assessed at 3.8%, 3.5% and 3.5% respectively.

DISCUSSION

Since a close correlation between Ki-67 labeling on the
one hand and mitotic rate or S-phase fraction on the other
hand has Dbeen demonstrated in various tumor types, the
immunocytochemical assessment of the Ki-67 defined antigen may
be regarded as a reliable technique to measure cell-kinetics
(8,10,11). A relative disadvantage is that the antibody is
exclusively applicable on either fresh frozen tissue sections
or fine needle aspiration smears (5,8).

In normal and diseased prostatic tissues mitotic figures
are rarely encountered. The latter is reflected in this study
by the very low Ki-67 defined growth fraction in glandular
BPH. Our average value measured in BPH (0.3%; see Table 1 and
Fig. 1) 1is consistent with the previously repogted S-phase
fraction (0.31%) assessed by in vitro uptake of H-thymidine
(15). The thymidine 1labeling index of stromal cells in
prostatic hyperplasia was even considerably lower (15).

The low Ki-67 scores found in BPH hardly overlapped with
the values obtained in prostatic cancer (Fig. 1). The
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Figure 3:

Four examples of Ki-67 immunostaining reactions in different
growth patterns of prostatic cancer. Magnification 380x.

A: Well differentiated adenocarcinoma

B: Perineural arrangement of a cribriform cancer

C: Solid tumor area

D: Poorly differentiated adenocarcinoma
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observed distribution of Ki-67 immunoreactive nuclei among the
inner cylindric and the outer basal cell 1layer of the
hyperplastic prostatic glands supports the hypothesis that the
basal cells do not solely account for the regenerative
potential of glandular prostatic epithelium (22).

Occasionally, the Ki-67 antibody reacted with the
cytoplasm of the outer basal cell layer (Fig. 2B). The nuclei
of these cells remained unstained. Cytoplasmic
immunoreactivity was not observed in the inner cylindric cell
layer, nor in the cytoplasm of neoplastic epithelial cells or
in the cytoplasm of stromal cells. To our knowledge
cytoplasmic Ki-67 staining is not directly related with
proliferative activity.

Prostatic carcinomas displayed a rather low growth
fraction (mean value 2.9%); mitotic figures are scarcely found
and the Ki-67 score 1is 1low especially when compared with
epithelial benign and malignant lesions of other origin (see
Table 2; ref. 5,7,8,10,12,17,20,21,23-28). With reference to
other human epithelial tumors for as yet the highest KXi-67
scores are reported for high grade lung cancers (26), breast
cancers (23), carcinomas of the cervix uteri (20) and high
grade adenocarcinomas of the large bowel (27) (Table 2). In
comparison with prostatic cancer these tumors display even at
routine histological examination a much 1larger number of
mitotic figures.

Similar observations concerning the relatively low growth
rate in prostatic cancer were made by Meyer et al. (15). The
average fract%on of prostate tumor cells in S-phase assessed
by in vitro “H-thymidine labeling measured 0.90% (15). After
intravenous injection of BrdUrd in patients with prostatic
cancer, Nemoto et al. recently found an average S-phase
fraction of 2.86% (16). These latter authors selected well-
labeled tumor areas for counting. In contrast to these low
proliferation scores, Raymond and coworkers reported a mean
Ki-67 score of 16.3% in human prostatic cancer samples (21).
Their discrepant data might be explained by a different
immunohistochemical method. We feel, however, that our
results are more compatible with those obtained by the afore-
mentioned authors who used in vitro or in vivo DNA-precursor
incorporation techniques.

In human and rat prostatic cancer cell lines proliferative
activity appeared to be considerably higher +than in the
patient material. Ki-67 defined growth fractions in the human
prostatic carcinoma model ©PC-82 (cribriform growth pattern)
ranged between 8.8% to 21.8% (17). In the androgen dependent
Dunning R3327H rat model of prostatic adenocarcinoma flow-
cytometry studies revealed 4.02% cells in S-phase (29).
Synchronization of cell-kinetics by means of short-term
castration subsequently followed by renewed administration of
androgens resulted into a maximum increase in S-phase cells
till 9.72% (30). In the human PC-82 model wusing Ki-67 as
proliferation marker we found a similar rebound effect (17).
In this study we have avoided to include patients who were
treated by hormones prior to surgery.

The precise relationship of cell kinetic data and
histologic growth patterns of prostatic cancer remains

176



Table 2. Comparison of Ki-67 defined growth fractions in
benign and malignant epithelial lesions of various
organs as reported in literature.

percentual Ki-67 score Lit ref (no.)
mean values

Benign ILesions

benign breast disease 3 23
mammary fibro-adenoma 1.0 24
mammary fibro-adenoma 1.1%* 5
benign prostatic hyperplasia 0.3 this study
Malignant ILesions

breast cancer 14.3 8
breast cancer 16.7 23
breast cancer 10.5%* 5
breast cancer 22.0 10
breast cancer 16.0 12
breast cancer 20.7 7
breast cancer 16.2 25
cervix carcinoma 30.7 20
small cell cancer of lung 65 26
colorectal cancer 43.8 27
adenocarcinoma of lung 24.6 26
prostatic cancer 16.3 21
prostatic cancer 2.9 this study
prostatic cancer cell-line

PC-82 16.6 17
metastases of breast carcinomas

in brain 47.6 28

* Ki-67 rate was assessed in fine needle aspiration (FNA)
smears. In stead of the mean values, the median figures are
given

unclear. our results indicate that CF (including STA)
prostatic cancers strongly tend to have higher Ki-67
proliferative rates compared with cancers consisting exclusi-
vely of glandular formations (p = 0.01). In contrast, the
4 UC displayed an unexpectedly low proliferative activity as
judged from Ki-67 labeling. These findings suggest that the
level of Ki-67 labeling 1is partly dependent on the tumor
growth pattern. On the other hand, we found that within the
investigated 6 morphologically heterogenous tumors the same
Ki-67 score was obtained for each of the composing growth
patterns. The latter observations indicate that Ki~-67
labeling 1is = to some extent - independent of growth pattern
and seems to be a more characteristic feature for the
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individual tumor. A possible trend of increasing S-phase
fraction and Ki-67 defined growth fraction with increasing
Gleason score was also reported by others (15,16,21).
Unfortunately, these studies were performed largely on biopsy
samples and the precise value of histopathological grading
upon small tissue samples 1is often questioned (31,32).
Moreover, the reproducibility of the rather complex Gleason
grading system is still controversial (13,33). Of utmost
interest was the observation that metastatic prostatic cancer
tended to have a higher fraction of tumor cells in S-phase
compared with primary tumor deposits (15).

Since a reliable, reproducible, and generally accepted
grading system based on histopathologic features in prostatic
cancer is not available as yet, the assessment of tumor cell
kinetic data may provide additional information refering the
prognosis of prostatic cancer. O0Of those methods currently in
use (DNA precursor uptake and DNA flow cytometry) the Ki-67
technique can be considered as the most simple assay, which
has proven its significance in many other tumors and is
regarded as a reliable marker in the immunologic armamentarium
of the routine pathologist. The precise elucidation of the
prognostic value of Ki-67 labeling in prostatic cancer will,
however, require extensive prospective studies, encompassing
large numbers of patients. These studies should give insight
whether Ki-67 1labeling has to be regarded as a strongly
independent prognostic factor or dependent on other wvariables
such as histologic growth pattern.
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In the papers presented in this thesis, we have searched
for parameters of prognostic relevance for PC. In general our
survey encompasses the study of three putative parameters
linked with the biological behavior of PC.

Initially we have examined the reproducibility of five
conventional histological grading systems currently in use for
PC. Histological grading was performed by 5 pathologists with
varying experience in both general pathology and pathological
aspects of male urogenital oncology. All participants in the
study received prior to histological grading the original
papers in which the grading methods were explained. None of
the grading methods displayed a good interobserver agreement
such as mneasured by statistical evaluation. A reasonable
interobserver consensus was reached in the methods based
primarily on histological (architectural) criteria in simple
grading methods as those designed by Broders and Brawn.
Though inconsistent with several reports from the United
States, the complex Gleason system showed only a -poor
consensus among the 5 observers.

The prognostic performance of the 5 grading methods was
described in a subsequent paper. Extended data concerning
time relapse to recurrence (progression) and time relapse to
death were available. Results indicated that the methods of
Broders and that described by Mostofi-Schroeder displayed the
highest predictive value especially regarding the end point
"recurrence. Of special interest was the observation that
the application of more than one histological grading systen
on the same tumor may enhance the predictive value of grading.
In our study this appeared to be the case with the afore
mentioned two systems. Summarizing our data obtained with
histological grading several conclusions and comments can be
made. 1. Reproducibility of results derived from histological
grading seems poor. 2. Experience of the observers will
undoubtedly influence results positively. 3. Simple grading
methods are preferable since some of these show at 1least a
reasonable agreement.

A general drawback of histological grading is that the
majority of grading methods designed for PC allow only the
morphological judgment of one growth pattern. However, it is
generally accepted that many tumors including PC are composed
of several areas differing in morphological appearance (and
also in immunophenotypical make up). On the other hand the
only method investigated in our survey that pernmitted to grade
two growth patterns (Gleason technique) showed even less
interobserver agreement. The latter problems especially occur
when large specimens are available for histological grading.
‘"Though theoretically the accuracy of grading has to increase
when a large number of slides of each tumor is available, in
practice the interobserver agreement will be hindered. For as
yet there 1is, particularly in the case of PC, no consensus
upon which type of specimen histological grading has to be
performed.

our survey regarding the prognostic accuracy of
histological grading has to be evaluated with some
restrictions. At first, the performance of a total
prostatectomy has undoubtedly influenced the prognostic end
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points studied. Secondly, our data set was derived from the
same tissue slides that were previously used to set wup the
recently described new grading method by Schroeder and

Mostofi. And thirdly, we have utilized for statistical
calculations the average (or mean) values of grading data
obtained from 5 observers. In spite of these restrictions, of

interest might be our observation that the simultaneous use of
more than one system on the same tumor may improve the
predictive value of histological grading. As far as we know
this has not been suggested previously for PC. One can
imagine especially for PC, for which tumor diverse
histological grading techniques have been developed, that one
method supplies additional prognostic information to another.
Preliminary results presented here have to be regarded as a
challenge to combine other grading systems than the one
described, not only for prostatic tumors but also for
malignancies of other origin.

Subsequently, immunological aspects of PC have been
studied. In the beginning we have attempted to generate TAAs
or TSAs using the well-characterized human PC model PC-82.
However, our attempts have been without success in this
regard. Numerous McAb's produced by hybrid cell lines were
generated. Though interesting cross-reactivity immunocytochem-
ical profiles with human malignant and non-malignant tissues
were encountered, none of the McAb's showed an exclusive
binding for prostatic cancer cells. As was known already, the
PC-82 cell line maintained PAP expression. Therefore, it was
not surprising that some of the antibodies were directed
against PAP. PA expression was also retained in the PC-82
cells as some of the antibodies were directed against
antigenic sites of PA. McAb's prepared against PAP and PA
enabled the further purification of both prostatic tissue-
specific markers and resulted in the generation of sets of
monoclonals and monospecific polyclonal rabbit antisera. At
least three different epitopes of PA could be recognized by
our set of monoclonal antibodies. As some of the monoclonal
antibodies were applicable on formalin-fixed sections further
immunocytochemical elucidation of especially PA expression was
examined in human PC tissue sections and the relation was
studied with histological tumor differentiation. Since the
reliability of assignment of grading scores was questioned, no
correlation was performed with data derived from grading
systems. Our studies indicate that though the sensitivity of
PAP is higher than that of PA as prostate-specific tumor
marker, there are indications that especially PA expression is
lost in wundifferentiated prostatic tumors. Our results
suggest that PA expression is correlated with tumor different-
iation status. Therefore, PA expression interpreted quantita-
tively may be of help in forecasting the biological behavior
of PC. The selection of antibodies and the concentration of
the antibodies used seem of utmost importance and will have a
large impact on the outcome. Since controversial data exist
concerning the precise specificity of PAP, PA is to date the
prostatic tissue-associated marker with the highest specifi-
city. Our preliminary data are of further importance for the
use of PA to monitor patients with PC. To date a fall in
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serum PA level after a presumed curative prostatectomy for
localized cancer is unequivocally linked with a total absence
of remaining PC cells. However our data suggest that lack of
detectable levels of serum PA may also be accompanied with the
persistence of undifferentiated (PA-lacking) prostatic tumor
cell clones. For these reasons further studies correlating
serum PA levels in patients with histologically proven
undifferentiated PC have to be carried out. Moreover one has
to realize that in the course of human PC an initially
differentiated tumor may become less differentiated or even
undifferentiated. Time-related changes in the histomorpho-
logical appearance of PC are presumably associated with time
related alterations in PA serum levels. Therefore, the
precise interpretation of the serum PA level remains for as
yet equivocal.

Not only several cDNAs for PA have been identified but
also the structure of the PA gene has been elucidated. PA
seems to belong to the human kallikreine-like gene family.
These genes are located on chromosome 19. Of this group of
genes the human glandular kallikreine 1 (hGK-1l) dgene appears
also to be expressed exclusively in human prostatic tissue.
This is of particular interest since the homology between the
protein structures of the PA and the hGK-1 genes is high
(79%) . The latter implies that probably some of the
antibodies described in literature (especially the polyclonal
antisera) and presumed to be reactive against PA might be
directed against antigenic sites of the hGK-1 protein. Recent
experiments in our laboratory have demonstrated that at least
the McAb ER-Pr 8 (and ER-Pr 27) is not reactive with hGK.

The tremendous interest during the recent years for PA has
obscured the precise value of PAP as prostatic tumor marker.
Both markers are shed in the blood circulation. Precise
insight in the specificity of the numerous antibodies
recognizing epitopes of PAP is difficult to obtain. The
antigenic overlap of the so-called prostate-specific acid
phosphatase with acid phosphatases originating from other
sites remains for as yet unclear. All investigators in this
field recommend the use of both markers for all studies of PC,
whereas PA 1is generally accepted as the marker with the
highest specificity.

The use of labeled antibodies against these PTSAs for in
vivo immuno-imaging of primary and secondary prostatic tumor
deposits has to be further investigated. Incidental articles
report a limited success of visualizing retroperitoneal lymph
node metastases in patients with widespread PC wusing Fab
fragments of a polyclonal antiserum against PAP. The
secretory features and the absence of PAP along the cell
membrane are presumably the main reasons for the lack of
success. Although PA is also a secretory protein, there is
evidence available obtained by immuno-electronmicroscopy, that
PA is somewhat more concentrated along the cell membrane of
prostatic epithelial cells than PAP. Therefore immuno-imaging
with PA antibodies might be more successfull.

Cell kinetic aspects are often associated with the
malignant potential of necplasns. However, PC is
characterized by a relatively 1low growth rate. Mitotic
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figures are rarely encountered. Other approaches than simply
- counting of mitotic figures to gain insight into the
proliferative capacity of PC are DNA flowcytometry, DNA
precursor uptake methodes and application of the Ki-67
antibody. Of these methods the DNA precursor uptake can only
be performed in vivo. The availability of antibodies against
BrdU has facilitated the visualization of the in vivo exposure
of the tumor to BrdU. The monoclonal antibody Ki-67 is
directed against a for as yet wunknown antigen that is
expressed in the nucleus of cycling cells. In the PC-82 model
the Ki-67 defined growth rate responded quickly upon androgen
depletion and repletion. As this technique is also applicable
on fine needle aspiration smears of human prostatic cancers,
the Ki-67 method might be of help in the judgment of the
effects of hormonal treatment in patient with PC. A fall in
Ki-67 defined growth fraction after initiation of treatment
has to be interpreted as a success of therapy, whereas an
absence of such a decline in Ki-67 defined PC growth fraction
provides evidence for a lack of success of the endocrine
therapeutic regimen. Further studies in patients have to be
carried out for more precise elucidation of this relationship
and for more accurate determination of the time interval after
which these growth fraction changes occur. If the
observations made by us can be repeated in patient material,
the timely interruption of an unsuccessful endocrine therapy
will circumvent the occurrence of unpleasant side effects
associated with this therapy and will 1lead to a rapid
transition to another hopefully more successfull therapeutic
modality. The relationship of Ki-67 defined growth rate and
tumor growth pattern is described in Chapter VII. Relatively
high growth fractions were found in medullary cancers (solid
tumors) and cribriform tumors. A correlation with histo-
logical grading scores was avoided for previously mentioned
reasons. The precise prognostic value of the Ki-67 antibody
has to be further investigated in large prospective studies
with a long-term follow-up. Such studies will elucidate
whether the Ki-67 defined growth fraction has to be considered
as an independent (prognostic) parameter or is 1linked with
histological grade.

0f the other functional markers which will become easily
detectable in prostatic tissue, the AR (Androgen Receptor) has
to be mentioned. The primary structure of the AR has been
elucidated and the production of antibodies against the
purified AR and synthetic oligopeptides of the AR has very
recently been realized. Availability of a set of antibodies
will enable structure-function analysis of the AR. In the
case of PC the immunological visualization of the AR in tissue
slides will enable detailed studies regarding the potential
effects of hormonal treatment. Thusfar ligand binding studies
were not able to demonstrate a relationship between AR
concentration and responsiveness of the tumor to endocrine
therapy. Immunocytochemistry will gain further insight into
the variation of distribution of the AR in prostate malignant
and non-malignant tissue. The prognostic value of the
immunocytochemical demonstration of the AR can be investigated
and related to architectural growth patterns or histological
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grading scores of PC.

Of more fundamental interest is the research referring the
specific (onco) genes which might be involved in the
pathogenesis of PC. To date, it still is completely unknown
which (onco)genes might play a role in PC and whatever
mechanisms might be involved. Especially when amplification
and/or overexpression of a particular oncogene can be proven,
immunocytochemistry with antibodies against the oncogene
product might help in recognizing PC in an early stage (more
precise identification of for as yet doubtfull histological
preneoplastic 1lesions) and expression of the gene product
might be related with clinical behavior.

186



SUMMARY

Prostatic cancer is a highly frequent malignancy in the
aging male population. When all clinical stages are
considered it might even be the most frequent malignancy in
men. As for most other malignancies the etiology of PC is not
understood as yet. Epidemiological studies concerning PC have
revealed interesting data. Whereas incidental (dormant)
prostatic cancer figures are almost equal in each country,
figures referring to clinically manifest tumors and mortality
figures show a remarkable geographic distribution. Many
studies have been performed to explain this phenomenon.
Environmental factors, socio-cultural habits, endocrine status
and genetic susceptibility have been investigated for their
possible role in influencing the biological course of PC.
However, the precise reasons for the large variation in
clinical course remains unclear. Nevertheless one has
attempted to predict the biological course by extracting
parameters with presumed prognostic value of the malignant
prostate tissue. Out of these parameters the morphological
appearance of the tumor can be considered to be the oldest
method to gain information concerning the <c¢linical course.
For PC numerous histological grading techniques have been
developed. Five of these systems have been studied in Chapter
IT. The reproducibility of the grading data, when applied by
several pathologists, was investigated. With exception of the
methods using histological criteria, reproducibility was poor.
In Chapter III a correlation of grading results and follow-up
data was performed. The methods using predominantly
histological criteria reached the largest prognostic impact.
Of interest was the observation that two methods provided
additional prognostic information when applied on the same
tumor.

In Chapter IV an attempt was made to discover other
parameters (antigens) linked to PC. The PC-82 model was used
to generate monoclonal antibodies. None of the antibodies
reacted with an exclusive PC-associated antigen. Among the
antibodies prepared several recognized at least three
different epitopes of PA. Moreover some antibodies
identifying PAP were isolated. Those antibodies that were
applicable on routinely handled tissue were used to examine
the relationship between tumor differentiation status and PA
and PAP expression respectively (Chapter V). Retention of PAP
in PC was slightly higher than that of PA. Therefore the
sensitivity of antibodies recognizing PAP in PC is higher. On
the other hand, contrary to PAP, PA expression seems to be
related to tumor differentiation. Diminished PA expression
was noticed in undifferentiated prostatic cancers.

Cell kinetic studies related to PC are described in
Chapters VI and VII. The monoclonal antibody Ki-67 was used
to measure growth fractions in PC. In Chapter VI a relatively
high Ki-67 defined growth fraction was assessed in the
cribriform tumor model PC-82. Results obtained with the Ki-67
method paralelled those reached with the BrdU technique.
Interesting was the observation that rapid fluctuations of
proliferative acivity were found in androgen repletion and
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depletion protocols. The use of this parameter in forecasting
the effects of hormonal treatment are discussed. The
relationship of cell kinetics and growth pattern of PC is
described in Chapter VII. There seems to be a correlation
between Ki-67 score and architectural growth pattern of PC.
In less differentiated cancers higher proliferation scores
were observed. The question whether the Ki-67 score has to be
considered as an independent prognostic parameter for PC
remains to be resolved.
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SAMENVATTING

Prostaatcarcinoom is een zeer frequent voorkomende
maligniteit. Wanneer de incidentiecijfers van alle klinische
stadia van prostaatcarcinoom tesamen worden genomen, is het
prostaatcarcinoom hoogst waarschijnlijk de meest frequente
maligne aandoening bij de mens. Echter in tegenstelling tot
deze hoge incidentie is de morbiditeit en mortaliteit veel
lager. Zoals voor bijna elke maligne tumor is er nog maar
weinig bekend over de oorzaak en ontstaanswijze van prostaat-
carcinoomn. Epidemiologisch onderzoek heeft interessante
feiten aan het licht gebracht. Het voorkomen van incidenteel
prostaatcarcinoom 1is voorzover onderzocht in elk 1land en
iedere bevolkingsgroep gelijk. In tegenstelling hiermee is de
waarneming dat het voorkomen van het klinisch. manifeste
prostaatcarcinoom grote verschillen toont van land tot land en
ook wvan ras tot ras. Een goede verklaring hiervoor heeft men
tot op de dag van vandaag niet kunnen vinden. Onderzoek is
verricht naar tal van factoren gerelateerd aan socio-culturele
status, genetische predispositie, hormonale status en factoren
betreffende het milieu. Desalniettemin tracht men steeds
opnieuw parameters te zoeken en toe te passen die het
biologisch gedrag van prostaattumoren in een vroeg stadium
kunnen voorspellen. Van al deze potentiele parameters moet de
microscopisch morfologische bestudering van tumoren als een
van de oudste worden beschouwd. Voor het prostaatcarcinoom
zijn een groot aantal wvan histologische graderingssystemen
beschreven. Steeds wordt aan een tumor op basis van histolo-
gische en of cytologische kenmerken een score toegekend die
zou overeenstemmen met een bepaald te verwachten biologisch
gedrag. In hoofdstuk II en IIT wordt een aantal van deze
graderingssystemen voor prostaatcarcinoom nader bestudeerd.
In hoofdstuk II wordt de reproduceerbaarheid van een 5-tal
methoden vergeleken na toepassing op een serie van 50 tumoren
door 5 beoordelaars. De reproduceerbaarheid van de systemen
gebaseerd op hoofdzakelijk histologische criteria bleek
redelijk, terwijl de methoden waarin ook gebruik werd gemaakt
van vaak slecht gedefinieerde cytologische kenmerken een
slechte reproduceerbaarheid toonden. In hoofdstuk III werd de
prognostische waarde van de histologische graderingssystemen
onderzocht. Ook hier bezaten de systemen gebaseerd op
histologische kenmerken de hoogste prognostische relevantie.
Opvallend en voorzover bekend nooit eerder beschreven was de
waarneming dat twee graderingssystemen indien toegepast op
eenzelfde tumor ten opzichte van elkaar additioneel
prognostische waarde bleken te bezitten.

In hoofdstuk IV wordt een overzicht gegeven van de
productie van antistoffen gebruik makend van de humane
prostaatcarcinoom cellijn PC-82. Het bleek niet mogelijk
antistoffen te isoleren met een exclusieve binding voor humaan
prostaatcarcinoom weefsel. Wel werden antistoffen geisoleerd
die gericht bleken tegen PA en PAP. Tenminste 3 verschillende
antigene determinanten wvan PA konden worden herkend. 1In
hoofdstuk V wordt een immunohistochemische studie beschreven
waarbij de relatie PA en PAP expressie met tumordifferentiatie
wordt onderzocht. Zowel monoclonale als polyclonale
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antistoffen werden hiervoor toegepast op prostaatcarcinoom-
weefsel in prostatectomiepreparaten. PAP bleek aanwezig in
iets meer tumoren dan PA. Echter in tegenstelling tot PAP,
bleek de PA expressie gerelateerd aan de differentiatie-status
van het carcinoom. De PA expressie was aanzienlijk verlaagd
in ongedifferentieerde tumoren.

Celkinetische aspecten van prostaattumoren worden
beschreven in de hoofdstukken VI en VII. De monoclonale
antistof Ki-67 werd gebruikt voor het bepalen van de groei-
fracties in prostaatcarcinoom. In de humane prostaatcarcinoom
cellijn PC-82 met een cribriforme groeiwijze werd een relatief
hoge groeifractie bepaald. De resultaten verkregen met de Ki-
67 methode 1liepen parallel met die bepaald met de BrdU
incorporatie-techniek. In het algemeen 1liggen de waarden
bereikt met de Ki-67 techniek hoger. In het PC-82 model bleek
dat de Ki-67 bepaalde groeifractie snel reageerde op depletie
van androgeen en hernieuwde toediening van androgenen na 10
dagen onttrekking. Het potentiele gebruik wvan de Ki-67
techniek voor het beoordelen van het effect van hormonale
therapie bij patienten met PC werd besproken. De relatie Ki-
67 score en histologisch groeipatroon van prostaatcarcinoom
wordt besproken in hoofdstuk VII. Deze correlatie bleek
aanwezig. 1In het algemeen geldt dat medullaire carcinomen
(solide ongedifferentieerde carcinomen) een hogere groei-
fractie tonen dan buisvormende carcinomen. Vooralsnog zal
moeten blijken in hoeverre de Ki-67 score rechtstreeks
gerelateerd is aan groeipatroon dan wel beschouwd moet worden
als onafhankelijke parameter met (potentieel) prognostische
waarde.
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POST SCRIPTUM

Zoals bijna elk proefschrift, 1is ook dit boekje beslist
niet alleen het resultaat van de inspanning van de promoven-
dus, maar tot stand gekomen dankij de hulp en inzet van velen.
De beschikbare ruimte maakt het mij slechts mogelijk enkele
van hen her met name te noemen. Allereerst wil ik mijn promo-
tor, Prof.Dr. R.O. van der Heul, danken voor de mij geboden
gelegenheid het hier beschreven onderzoek gedurende mijn
opleidingsjaren binnen ijn instituut uit te voeren. Ook wil
ik hem danken voor de bereidwilligheid het manuscript van
kritische kanttekeningen te voorzien en zijn bijdrage aan een
aantal artikelen.

Voor de hulp bij het meer experimentele gedeelte van het
onderoek en het schrijven van een deel van de inleiding en een
aantal artikelen ben ik mijn co-promotor, Dr. Jan. Trapman,
alsmede Dr. Theo van der Kwast, zeer erkentelijk. Ook de
overige leden van de leescommissie, Prof.Dr. F.H. Schroeder,
Prof.Dr. J.C. Birkenhaeger en Dr. F.H. de Jong, dank ik =zeer
voor hun bereidheid =zitting te nemen in de commissie en het
manuscript te beoordelen.

Voor het mij bijbrengen van de beginselen van de patholo-
gische anatomie en in het bijzonder dié betreffende alle
histologische verschijningsvormen van het prostaatcarcinoom
ben ik Dr. F.J.W. ten Kate dankbaar.

De technische vaardigheden van Hetty van der Korput, Ricky
Rovers en Elly Visser heb ik (zonder dit wellicht voldoende te
hebben laten blijken) de afgelopen jaren zeer gewaardeerd; ik
realiseer mij heel goed dat een groot deel van dit boekje
zonder hun hulp nooit geschreven had kunnen worden.

De hulp van Mevr. D.T. Kiers voor het administreren van de
gegevens van de prostatectomie preparaten en histotechnische
hoogstandjes oals het vervaardigen van unieke oversichts-
coupes, zal ik niet licht vergeten. Voor illustraties (teke-
ningen, grafieken, dia's en foto's) heb ik nooit tevergeefs
een beroep gedaan op de ongeevenaarde kwaliteiten van
Mevr. Paula Delfos. De textuele problemen werden steeds
opgelost dankzij de inspanning en inzet van
Mevr. Monique Hanegraaff.

Tot slot heb ik de prettige en stimulerende samenwerking
met medewerkers van de afdeling Uroclogie (Prof.Dr. F.H.
Schroeder, Dr. J.C. Romijn en Dr. G.J. van Steenbrugge) en
Biostatistiek (Dr. P.I.M. Schmitz en Dr. P.G.H. Mulder) zeer
gewaardeerd.

Ook al diegenen die ik hier, door ruimtegebrek
genoodzaakt, niet heb kunnen noemen en mij met raad en daad,
in meer en in mindere mate, zowel op de voor-, maar ook op de
achtergrond ter zijde hebben gestaan, dank ik.
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ABBREVIATIONS

AC
AFIP
Ag
AP

AR
BGA
BGrAg
BPH
Brdu
BrdUrd
ccC
ccc
CEA
CF
DES
DHT
DNA
EGF
EGF-R
EIA
ELISA
EORTC

HLA

Ig
Bf-Inhibin
LH-RH
LNCaP

MAGIC
McAb
MDA
MDAH

MNU
MSP
NPCP
PA
PAP

PBS
PC
PC-82
PDA
PDGF
PHIT
PsSAa
PSAP
PsSpPo4

PTSA
RIA
SA

Adenocarcinoma

Armed Forces Institute of Pathology (Washington)
Antigen

Alkaline Phosphatase

Androgen Receptor

Blood Group Antigens

Blood Group-Related Antigens

Benign Prostatic Hyperplasia

BromodesoxyUridine

BromodesoxyUridine

Cribriform Carcinoma (=CF)

Clear Cell cCarcinoma (hypernephroid carcinoma)
Carcino-Embryonic Antigen

Cribriform carcinoma (=CC)

Diethylstilbestrol

DiHydroTestosterone

Deoxyribonucleic Acid

Epidermal Growth Factor

Epidermal Growth Factor Receptor

Enzyme ImmunoAssay

Enzyme-Linked Immunosorbent Assay

European Organization on Research and Treatment of
Cancer

Human Leukocyte Antigen

Immunoglobulin

B-MSP

Luteinizing Hormone Releasing Hormone

Prostatic cancer cell-line; Lymph Node Carcinoma of
Prostatic origin

Mixed AGgregation Immunocytochemical technique
Monoclonal Antibody

Moderately Differentiated Adenocarcinoma

M.D. Anderson Hospital grading system designed by
Brawn (1982)
N-methyl-N-nitrosurea
B-microseminoprotein = f-inhibin
National Prostatic Cancer Project
Prostatic Antigen (= PSA)
Prostatic Acid Phosphatase (=
subtype (iso-enzyme)
prostatic gland
Phosphate Buffered Saline (pH 7.2)

Prostatic Cancer/ Prostatic Carcinoma
(human) Prostatic Carcinoma cell-line 82
Poorly Differentiated Adenocarcinoma
Platelet-Derived Growth Factor.
Phosphohexose Isomerase

Prostate—-Specific Antigen (= PA)
Prostate-Specific Acid Phosphatase (=PAP)
Prostatic Secretory Protein consisting of 94
acids = B-MSP

Prostatic Tissue-Specific Antigen

Radio Immuno-Assay

Secretory Antigen

PSAP); secretory
of acid phosphatases in the

amino
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SHBG
STA

Tc
TGF
TNM

TPA
TSA
TUR
uc
UEA-1
VACURG

WDA
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Sex Hormone-Binding Globulin

Solid Tumor Areas (medullary growth pattern)
Testosterone

Tumor Associated Antigen

Technetium (radio-nucleide)

Transforming Growth Factor

Tumor, Node, Metastasis; classification of malig-
nant tumours

Tissue Polypeptide Antigen

Tumor Specific Antigen

Transurethral Resection

Undifferentiated Carcinoma

Ulex Europaeus Agglutin 1 (lectin)

Veterans Administration Cooperative Urologenital
Research Group

Well Differentiated Adenocarcinoma
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