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SYNOPSIS

We studied 30 cases of retinoblastoma (Rb) pathologically and
histochemically. Rb cases were classified into two types, 18 cases of
differentiated (D-type) and 12 undifferentiated type (U-type) according
to International Classification of Diseases for Oncology(1990,WHO).
D-type of Rb is found more commonly in younger infants less than 1
year, but U-type found more frequently in aged infants from 2 to 4
years. D-type Rb showed more marked necrotic areas, degeneration and
calcification. Immunohistochemical stains were carried out in 21 cases of
Rb by use of MIB-1, PCNA, bcl-2, Fas, BAX, NF, SP and Tunel stains,
respectively. MIB-1 is a good marker of proliferation of Rb cells and its
high positivity correlates closely to more extensive necrotic areas of Rb
cases. There are only a few positive cells by Tunel stain suggesting
apoptotic cells, but diffuse positive cells by bcl-2 and Fas and completely
negative by BAX gene. From these results, it can be seen that
differentiation of Rb cells may be affected by bcl-2 and Fas but not by
BAX gene.
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INTRODUCTION

Retinoblastoma(Rb) is a malignant tumor arising in the retina and
occupying 2 ~ 4% of pediatric neoplasmas"”, whereas its pathological
background has not yet been understood well enough to date'>'*'®),
Pathological features of Rb are various and are characterised as
involveing two opposite biological phenomena, that is, cellular
proliferation and differentiation, in addition to necrosis, degeneration
and calcification. We then tried to clarify these complicated phenomena
by use of immunohistochemical stains. MIB-1 and PCNA were chosen for
markers of proliferation of Rb cells, and Tunel stain as a marker of
apoptosis, bcl-2 as its suppressor marker®. Fas antigen as a marker of
mediating apoptotic signal' and BAX as an enhancing apoptotic work,
and NF and SP as markers of cytoplasmic or membranous differentiation

of Rb cells.
MATERIALS AND METHODS

Thirty cases of Rb were studied pathologically, which were diagnosed
as Rb and resected at departments of ophthalmology of Kobe University
Hospital and Hyogo Prefectural Children’s Hospital. Those are composed
of 16 male and 14 female eyes, from 1 month to 4 years old (average 1
year and 6 months). Those resected eyes were fixed in 10% buffered
formalin solution and cut at the maximum diameter of the Rb mass, and
were parafinized, and cut at 4 ¢ in thickness. Histological specimens
were stained by HE stain,routinely.

Histochemical study was done in 23 Rb cases. Histological sections
were autoclaved in the 0.01M citrated buffered solution, and stained by
MIB-1 antibody by use of LSAB method. PCNA, bcl-2, BAX, Fas, NF, SP,
Tunel stains were also done by ABC-procedure, and were compared with
each other histochemically.

A. Observation of Rb from the age at time of occurrence

Thirty Rb cases were classified into two categories according to
ICD-O(WHO, 1990), 18 differentiated type (DT) and 12 undifferentiated
type(UT)'". Furthermore, Rb cases were subdivided to three groups:
group-a (11 cases) from 1 to 6 months, group-b (9 cases) from 7 months
to 1 year and 9 months, group-c (10 cases) from 2 to 4 years, and
examined with each other pathologically.
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B. Observation of Rb from HE specimens
In the histological examination Rb cases showing rosette formation
more than 60% of whole area of Rb specimen were decided as ++,30%
29% were to be +,none to be Utype. In the estimation of necrosis areas
Rb cases showing more than 50% of whole area to be ++,30+19% to be
+, less than 10% to be —. The estimation of calcification degree was
done as follows: more than 20% of whole areas to be ++, 10+9% to be
+, and none to be —.
C. Observation of Rb from histochemical stains
Histochemical stains were estimated as follows: strongly positive to be
++ , positive to be +, and negative to be —, respectively. Positive sites
of stain of Rb cells were diagnosed intra-nuclear, cytoplasmic,
membranous  positive, respectively. Histochemical results were
compared each other between D- and U-type, or a-~c- groups, and cases
to cases. The staining pattern of intact areas of the retina of resected
eyes was studied as control of stain.

RESULTS

A. Rb features observed from occurrence age (Table I)

Eleven cases of a-group are composed of 8 D-type Rb(male 5, female
3), and of 3 U-type(male 3, female 0), and 9 cases of b-group are
composed of 4 D-type(male 1, female 3), and 6 U-type(male 2, female 4),
6 cases of c-group comprise of 2 males and 4 females. Male to female
ratio of D-type is 8:10, and of U-type 8:4, showing male preponderance.
In our study, it is suggested that as the age in Rb cases becomes lower,
more incidence of cases of D-type appears, but in higher age more
U-type of Rb. Rosette formation in D-type Rb showed a tendency to
increase in its number as aged from + to ++.

B. Rb features observed by HE stain (Table I)

In cases of D-type Rb there are extensive necrotic and degenerative
areas(Figure 1), and calcification, but rather small areas in U-type Rb(
Figure 2). However some cases of U-type Rb showed massive
hemorrhage without necrosis or calcification. The areas of calcification
were only a few , which were seen in the center of necrotic areas(Figure
3). There are no calcification areas in vascular walls in Rb areas.

C. Rb features observed by immunohistochemical stains (Table II)

Most of Rb cases showed more than 50% positivity by MIB-1 stain,
showing black coloured nuclei. MIB-1 staining pattern is very clear
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Table | . Cases of Rb and pathological findings.

Histological Features
Rb. Histological Features
Gr | Nr | AGE/SEX | dif ros | nec | cal | o.n.i
1 T™M/M D + ++ - +
2 1M/F D + + + -
3 2M/M D ++ ++ + -
4 2M/M D + + -
g1 5 2M/M u - - - +
gﬂ 6 3M/F D + + + -
% 4M/M u - ++ - -
8 4M/M u - + + -
9 S5M/M D + + - -
10] SM/M D + ++ -
11 SM/F D ++ ++ ++ -
121 7M/M u - ++ - -
13 7M/F b + ++ + +
14| SM/M u - + - -
g115] 1MM/M ] - + - -
gl1e| vF D ++ -
o |17 1Y/F D ++ ++ ++ -
18| 1YIM/M| D ++ - - -
19| 1Y5M/F D + ++ - -
20] 1Y9M/M D + ++ + -
21 2Y/F D + ++ - -
22| 2Y3M/M D + ++ - -
23| 2YSM/F u - ++ + +
a | 24 2Y7TM/F u - ++ + -
8 las| 3vrF D + | o+ | ++ | -
Bl2e) 3vF | u | - | + | « | -
27| 3Y6M/F D ++ ++ - -
28] 3Y8M/M u ++ -
29| 4Y/M U - ++ - -
30] 4Y/F u - + + -
D : differentiated type of Rb dif : differentiation

U : Undifferentiated type of Rb nec : necrosis
ros:rosette formation Cal : Calcification

o.n.i : Optic nerve invasion



Table II . Immunohistochemical study of Rb.

PATHOLOGICAL STUDY ON RETINOBLASTOMA

Nr ] MIB-1 | PCNA | Tunel Fas bcl-2 BAX NF SP
1 ++ ++ - - - - + ++
3 - + - + + - + ++
) ++ + - - ++ - + ++
7 ++ - ++ - ++
8 ++ +4 - ++ + - - ++
9 + + + - + - ++ ++

11 ++ ++ - + - - ++ ++

12 ++ ++ + - ++

13 ++ + ++ - ++ +

14 ++ ++ + - +

17 ++ + - ++ + - + +
18 + + ++ - + ++

20 ++ - - - ++ - + +

21 ++ - -

22 ++ + - ++ ++ - + ++

23 ++ ++ + - + ++

24 ++ ++ - + ++

25 - ++ - + +

26 - ++ - + +

27 ++ + ++ + - + ++

28 ++ ++ - - - - ++

29 - ++ - - + -

30 ++ ++ - ++ + - + ++

PCNA: Proliferative Cell Nuclear Antigen

Tunel : Terminal deoxy-nucleotidy! transferase-mediated d-UTP-biotin

nick end labeling methods

NF:Neurofilament

SP:Synaptophysin
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D-type Rb, Case 3; 2 months, male; There are many rosette formations
and larger of necrosis. HE, X200.

U-type Rb, Case 8; 4 months, male; There are no rosette formation
and a few necrotic foci. HE, X200.

D-type Rb, Case 11; 5 months, female; There are larger necrotic areas and
calcification(arrow). HE, X200.
D-type Rb, Case 27; 3 year and 6 months, male; Nuclei of Rb cells are
positively stained showing black colour. MIB-1 stain, >X200.

D-type Rb, Case 1; 1 month, male, Nuclei of Rb cells are positively

stained by black colour. PCNA stain, X200.

D-type Rb, Case 9; 5 months, male, Positive cells are a few in number and
their nuclei are black colour. Tunel stain, X400.

U-typé Rb, Case 30; 4 years, female, Rb cells are stained positively in
cytoplasms and membranes. Fas stain, X400.

D-type Rb, Case 22; 2 years and 3 months, male,Rb cells are positively
stained in their membranes,bcl-2 stain X400.

D-type Rb, Case 18; 1 years and 1 month, male, Rb cells are positive

especially in their membrane and faintly positive in their cytoplasms. SP
stain, X400.
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(Figure 4), in many cases, the difference of staining pattern by MIB-1 is
not found between D-type and U-type Rb, and between male and female ,
and between a- ~ c-groups. MIB-1 positive cells are highly seen in
accordance with an increase of necrotic areas of Rb. However, there are
any correlations to calcification degree. On the other hand, PCNA stain is
also good staining for the marker of proliferation of Rb cells in some case
(Figure 5), but most of cases of Rb are +, and rather difficult to diagnose
its staining degree clearly. Positivity ratio by PCNA is different in male
and female, suggesting male preponderance. In the Tunel stain there are
only a few positive cells (Figure 6), which are distributed only 5% of Rb
cells in one case. Fas stain showed positivity in the cytoplasm and the
membrane, slightly but diffusely in Rb cells(Figure 7). The bcl-2 stain
was positively and diffusely(Figure 8) in the membrane of Rb cells, but
all negative by BAX stain. SP and NFstain (Figure 9) and are positive in
the membrane and the cytoplasm of Rb cells diffusely, but faintly
positive by NF stain.

DISCUSSION

Pathogenesis and pathological background of Rb has not yet been
clarified until now. Concerning its pathogenesis there are many
disputable subjects such as a theory by glioma of the retinae by
Virchow(1864), Rb origin considering to be glial-supporting cells of the
retina by Bennedict et. al.(1941), and another Rb theory arising from
photoreceptor cells of the retina by Tso, et. al.'®.

On the other hand, the pathological characteristics of Rb are various
and have two opposite phenomena such as proliferative or
differentiative tendencies, necrosis and degeneration, calcification and
others. These Rb’s histological variance in case and case may connect to
each patient’s prognosis of Rb,whereas there are few reports clarifying
the backgrounds of various pathological findings'®. In this study
differentiative tendency was studied in D-type Rb by the estimation how
many rosette formation is found in histological specimen. Tso et. al,
reported the comparison of two types Rb, U-type Rb and D-type with
photoreceptor differentiation'”,  and the  former showed
hyper-proliferation of Rb cells and much necrosis and calcification with
high formation of rosette of Flexner-Wintersteiner type,but the latter
represented neither necrosis nor calcification,but showed the formation
of fleurettes. They concluded U-type Rb to be malignant, and Rb with

27



K. FUJISAWA, ET AL.

photoreceptor differentiation to be relatively benign. In our study four
cases of Rb invaded into the optic nerve,which were composed of 2 cases
of D- and 2 ones of U-type. Our examined U-type of Rb exhibited few
fleurette  formation, though we have not tried to observe
electron-microscopic observation these Rb cases.

On the other hand, proliferative tendencies of Rb is studied by markers
of MIB-1 and PCNA'®. MIB-1 antibody against Ki-67 antigen is known to
depend on the binding of a nuclear protein to the DNA, and Ki-67 antigen
is a marker for proliferative cells”*®. In our results MIB-1% activity
correlated closely to the high degree of necrotic tendencies, and its
positivity is seen similarly in both Rb of D-type and U-type. An another
marker of PCNA(Proliferative Cell Nuclear Antigen) is also identified a
protein (Ki-67) which exsist free or associated with DNA as evidenced
by DNA digestion of cells before or after immunolabeling with Ki-67'".
PCNA positive cells is thought to exhibit S-stage cells, but the decision of
positive degree is rather difficult than that by MIB-1. Although there
are many necrotic and degenerative areas especially in D-type Rb, there
are only a few apototic cells among Rb cells by Tunel stain. It may be
correlated to diffuse positivity in the membrane and cytoplasm of Rb by
Fas antigen is also related to bcl-2 and to interact apotosis signaling
through CD 95(Fas/ARO-1)>'". Negativity in all cases examined by BAX
may be also correlated to the appearance of a few apototic cells in Rb
cells, which is thought to enhance apotic movement.

The markers of Rb cells’ membrane or cytoplasm were chosen NF and
SP stains. In conclusion, the better marker is SP but not NF.

Finally, pathogenesis of Rb concerning to Rb-1 gene*” are increasing
now, which is a tumor suppressor gene and located at 13ql4. Loss of
function of mutation of Rb-1 gene may cause Rb occurrence same as
osteosarcoma, lung cancer, hepatoma, breast cancer and urinary bladder
cancer etc. Almost all cases of Rb show abnormality of Rb-1 gene,
especially E2F protein distortior regulating transcriptional function.
PCR-SSCP methods of Rb-1 is useful for screening of Rb patients in the
near future.

ACKNOWLEDGEMENTS
The authors hope to thank Associate professor Yoshitake Hayashi,

Department of Pathology, Kobe University School of Medicine, and Dr.
Naoki Kanomata, Department of Pathology, Kakogawa Prefectural

28



PATHOLOGICAL STUDY ON RETINOBLASTOMA

Hospital, for their kind advices. Furthermore we wish to thank Mr.
Shinichi Tanioka, Miss Chiyomi Ikeuchi, Mrs. Atsuko Kawashima, Miss.
Mitsuyo Kato, Miss. Kumiko Yamaguchi for their technical helps and

services.

REFERENCES

1. Altman, AJ. and Schwartz, A.D.. Malignant diseases of infancy,
childhood and adolescence. 1983. 389/400. Retinoblastoma.

2. Barnard, N.J, Hall, P.A., Lemoine, N.R,, and Kadar, N.:J. pathol. 1987.
152. 287/295. Proliferative index in breast carcinoma determined
in situ by Ki67 immunostaining and its relationship to clinical and
pathological variables.

3. Brown, DC. and Gatter, KC.. Histopathol. 1990. 17. 489/503.
Monoclonal antibody Ki-67; Its use in histopathology.

4. Fung, YKT., Murphree, A.T., T'Ang, A., Qian, J.,, Hinrichs, S.H., and
Benedict, W.F.: Science. 1987. 236. 1657/1661. Structural evidence
for the authenticity of the human retinoblastoma gene.

5. Gallie, BL. and Hinton, H.: In: Finegold, M. and Bennington, J.L., ed.,
Pathology of neoplasie in children and adolescents. (Saunders
company ). 1986. 419/432. Retinoblastoma: A prototype childhood
malignancy.

6. Itoh, N., Tsujimoto, Y. and Nagata, S.: J. Immunol. 1993. 151.
621/627. Effects of bcl-2 Fas antigen-mediated cell death.

7. Lee, W.H,, Bookstein, R., Hong, F., Young, L-J., Shew, J-Y., and Lee,
EY-H.: Science. 1987. 235 1394/1399. Human retinoblastoma
susceptibility gene: Cloning, identification, and sequence.

8. Linden, DM, Torres, FX, Kubus, JM.S., and Zarbo, RJ.: Am. J. Clin.
Pathol. 1992. 97. Supplement 4/13. Clinical application of
morphologic and immunocytochemical assessments of cell
proliferation.

9. Lopez, F, Bellog, F., Lacombe, P., Reiffers, D.J., Bernard, P., and
Boisseau, M.R.: Exp. Cell Res. 1994. 210. 145/153. The labelling of
proliferating cells by Ki67 and MIB-1 antibodies depends on the
binding of a nuclear protein to the DNA.

10. Minoda, K.: Ped. Surg. 1972. 4. 1261/1268. Pathology of
retinoblastoma ( in Japanese ).

11. Percy, C,Holten, V.V, and Muir, C.: ICD-O, WHO, Geneva, 1990. 118.

Classification of retinoblastoma.

29



12.

13.

14.

15.

16.

17.

18.

19.

30

K. FUJISAWA, ET AL.

Rosai, J.: Surgical pathology, Mosby company. 1989. 1839/1842.
Retinoblastoma.

Stanger, BZ., Leder, P, Lee, T.H., Kim, E., and Seed, B.: Cell. 1995. 81.
513/523. RIP: A novel protein containing a death domain that
interact with Fas/APO-1 (CD95) in yeast and causes cell death.
Stocker, J.T. and Dehner, L.P.. Pediatric Pathology, dippincott
company. 1992. 479/483. Retinoblastoma.

Takasaki, Y., Deng, J-S., and Tan, EM.: J. Exp. Med. 1981. 154.
1899/1909. A nuclear antigen associated with cell proliferation
and blast transformation — — Its distribution in synchronized cells.
Tapley, N.dV. and Trenter, P.. Clinical pediatric oncology, Mosby
Comp. 1973. 411/430. Retinoblastoma.

Ts'o, M.O.M,, Zimmerman, L.E., and Fine, B.S.: Am. J. Ophthal. 1970.
69. 339/349. The nature of retinoblastoma. I. Photoreceptor
differentiation: A clinical and histopathologic study.

Ts'o, M.OM,, Fine, B.S,, and Zimmerman, LE.: Am. J. Ophthal. 1970.
69. 350/359. The nature of retinoblastoma. II. Photoreceptor
differentiation: An electron microscopic study.

Yamaguchi, K. and Stell, WXK.: Jpn. J. Ophelmol. 1994. 38. 24/29.
Quantitative analyses by radioimmunoassay of proliferating cell
nuclear antigen (PCNA/Cyclin) in ocular tissues.



