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present evidence that calcitri(1,25-dihydroxycholecalciferol) decreases tumor takes and tumor growth of
subcutaneous retinoblastomas in athymic
mice. Histopathologic studies showed
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that the calcitriol also induced necrosis of
the retinoblastomas. The calcitriol, however, did not induce tumor calcification.
Unfortunately, the dose of calcitriol used
in this experiment caused significant toxic effects. If the toxicity of vitamin D can
be alleviated without compromising its
antineoplastic effect, vitamin D may be a
useful chemotherapeutic agent against
retinoblastoma.

(Arch Ophthalmol 1988;106:541-543)

for children
are first to
increase their survival and second to
preserve their vision. The three-year
actuarial survival rate of children
with retinoblastoma in the United
States is 76%.' For unilateral retino¬
blastoma, prompt enucleation is the
generally accepted therapy.2 Bilateral
cases are usually treated with irradia¬
tion if there is a chance to preserve
vision. Unfortunately, radiation ther¬
apy often causes vascular complica¬
tions that may lead to blindness.3
Since retinoblastoma is a relatively
rare tumor for which enucleation and
irradiation are advocated, to our

goals of therapy
rphe
-*- with retinoblastoma
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knowledge, no systematic trial of che¬
motherapy has been pursued.4 The
identification of a chemotherapeutic
agent effective against retinoblasto¬

ma could increase survival of children
with retinoblastoma without endan¬
gering their vision.

See also

533 and 536.

In recent years, the role of vitamin
D as an antineoplastic agent has been
established.5 The two naturally occur¬
ring forms of vitamin D are vitamin
D2 and vitamin D3.6 Vitamin D3 is
synthesized in the skin by a photo¬
chemical reaction. Both forms are
present in our diet. Both have to be
activated in vivo, first by hydroxylation in the liver to 25-(OH)vitamin D
and then by hydroxylation in the kid¬
ney to l,25-(OH)2vitamin D.6 The

hydroxylated forms

are

research has focused

on

much

more

potent than the precursors. Most

the actions of
1,25-dihydroxycholecalciferol because
it has the highest affinity for the
vitamin D receptor.7 In this report, we
present evidence that calcitriol (1,25-

dihydroxycholecalciferol) treatment
inhibits the growth of heterotransplanted Y-79 retinoblastomas in
athymic mice.
MATERIALS AND METHODS

The details of animal care, tumor cell
injection, drug preparation, serum collec¬
tion, and histopathologic examination of
the tumors have been previously reported8
and are briefly described below.
Animals

Twenty congenitally athymic NCR male

and female mice bred at this facility and
maintained in a laminar air-flow room
under sterile conditions were used for this
experiment. The mice, which weighed
between 16 and 26 g at the beginning of
this study, were randomized by sex and
weight into two groups of ten.
Tumors

The Y-79 retinoblastoma cell line that
has been maintained in the athymic mice
was passed to the 20 experimental mice.9
Each mouse was inoculated with 1.0 X 107
cells subcutaneously and 1.25 X 10" cells
intravi treously.
The mice were monitored three times a
week for tumor growth. Once visible,
tumors were measured in three dimensions
using calipers. The geometric mean diame¬
ter of the tumor was computed by taking
root
the
cube
of
its
length X
width X height. The mice were also
weighed and assessed for skin changes,
perioral lesions, diarrhea, and lethargy at
least three times a week.
Calcitriol Treatment

Vitamin D treatment was initiated ten
days after tumor cell injection because
that is when subcutaneous tumors usually
become visible in this animal model. Mice
received either 500 ng/kg of calcitriol or 0.1
mL of the mineral oil vehicle administered

intraperitoneally through

a

25-gauge

nee¬

dle. Treatments were administered three
days a week for five weeks. If a mouse had
lost more than 5% of its original weight,
the mouse was not injected. By the end of
the experiment, each mouse received an
average of 4.0 ± 0.41 ng/d of calcitriol.
Serum Collection and Handling

Retro-orbital blood samples were with¬
drawn from four mice per group prior to
the initiation of treatment and 24 hours
after the 9th, 17th, and 25th treatments.

Fig 1.—Effect
cholecalciferol)

of calcitriol

(1,25-dihydroxy¬

growth of subcutaneous
retinoblastomas in athymic mice. Treatment
began ten days after tumor injection. See
on

survival curve for number of mice alive at each
point in experiment. Solid squares indicate
controls; solid circles, treated mice.

Fig 2. Effects of calcitriol (1,25-dihydroxy¬
cholecalciferol) on average size of subcutane¬
—

tumors. Treated tumors are smaller than
control tumors from beginning of study. From
day 24 on, this difference is statistically signif¬
icant. Each point represents average of all
mice alive on that day. See survival curve for
these numbers. Bars demarcate ±SEM. Solid
squares indicate controls; solid circles,
treated mice; single asterisk,
< .025; and
double asterisks, < .0005.
ous

Serum calcium levels were measured by
the Massachusetts General Hospital (Bos¬

ton) pediatrie microchemistry laboratory.
Pathologic Technique

was performed on all mice.
Histopathologic sections of the subcutane¬
ous tumors, the right eye, a kidney, and the

A necropsy

stained with
hematoxylin-eosin or the von Kossa calci¬
um stain. These sections were examined by
one of us (D.M.A.) using coded slides with¬
out knowledge of the key. Three tumor
specimens from each group were submit¬
ted to a laboratory for fractional content of
calcium determinations.
liver from each

mouse were

Statistics

values

were

computed using Student's

t test. Error bars delineate ± SEM.

RESULTS
Tumor Inhibition

In the

of the study, subcuta¬
only four of ten
treated mice, while subcutaneous
neous

course

tumors grew in

Fig 3.—Histopathologic

state of subcutaneous tumors. Top, Area of 45-day-old tumor from
treated with calcitriol (1,25-dihydroxycholecalciferol). Viable tumor cells are separated by
pale areas of tumor necrosis. Residual cells show numerous pyknotic nuclei and cell membranes.
Some hemorrhage is barely visible. Bottom, Viable tumor from 45-day-old control tumor. These
cells exhibit pleomorphism and numerous mitotic figures (hematoxylin-eosin, original magnifica¬
tion X645).
mouse

tumors grew in ten of ten controls

(Fig 1). The average size of the subcu¬

taneous tumors in the treated group

significantly smaller than that in
the controls (P < .0005 by day 28, Fig
2). This difference was confirmed at
necropsy. At the conclusion of the
study, the average weight of treated
tumors was 2.9 g, while the average
weight of control tumors was 7.4 g.
Histopathologic evaluation of the
subcutaneous tumors revealed that
treated tumors had an average esti¬
mated necrosis of 70% compared with
20% in control tumors (Fig 3). All of
the subcutaneous tumors were encap¬
sulated. The von Kossa stain for calci¬
um showed less than 5% calcification
was

Fig 4.—Survival of mice treated with calcitriol

(1,25-dihydroxycholecalciferol). Treatment
commenced ten days after tumor injection.
See "Materials and Methods" section for
treatment schedule. Solid squares indicate
controls; solid circles, treated mice.

in tumors and organs from treated
and control animals. Calcium assays
of subcutaneous tumors showed lower
tumor calcium levels in treated than
control animals (0.13% vs 0.20%) This
difference was not statistically signif¬

icant.
At necropsy, six of ten treated mice
and seven of ten control mice had
ocular tumors. Several initial growth
patterns of intraocular retinoblasto¬
ma in nude mice have been noted.
Initial growth can occur in the anteri¬
or chamber, vitreous, or retina. This
makes quantification of early tumor
size difficult. Furthermore, when the
tumor fills the eye, the sclera acts to
limit its growth. Since assessment of
intraocular tumor size was difficult,
we deferred quantification of tumor
inhibition by vitamin D to measure¬
ments of subcutaneous tumor sizes
only. We included ocular retinoblasto¬
mas in this study for evaluation of
histopathologic response to vitamin D
only. Neither treated nor control mice
had significant necrosis or calcifica¬
tion of their ocular tumors.
There was no difference in the
extent of local invasion of the ocular
tumors between the two groups. None
of the ocular tumors extended outside
of the orbit. Furthermore, gross
examination of the animals and histo¬
pathologic examination of the kidneys
and livers did not reveal any meta¬
static disease. In the past, detailed
gross and histopathologic examina¬
tions performed in this laboratory of

regional lymph nodes, livers, spleens,
lungs, and brains of nude mice with

subcutaneous and intraocular retino¬
blastomas have always failed to
reveal metastatic disease.
Toxicity

Vitamin D

toxicity

was

manifested

by mild hypercalcemia, weight loss,

and death. After nine treatments with
vitamin D, the mice had serum calci¬
um levels 15% higher than control
mice. By the conclusion of the experi¬
ment, the treated mice had lost 2% of
their original body weight. In the
same time period, control mice gained
an additional 30% of their original
weight. Finally, seven of ten treated
mice died during the experiment. Only
one
of the control mice died

(Fig 4).
COMMENT

This

study shows that calcitriol is a

potent inhibitor of retinoblastoma in

vivo. The calcitriol caused decreased
tumor takes in the treated mice
throughout the study. In addition, the
tumors that grew in treated mice were
smaller than those in control mice.
Calcitriol can inhibit cell growth by
binding to its intracellular receptor
and altering gene expression.7 This
mechanism may be responsible for the
tumor inhibition seen in this experi¬
ment.

Unfortunately, the antineoplastic
effect of vitamin D was accompanied
by severe toxic reactions. Over half of
the treated mice died by the end of the
fourth week of the experiment. Before
calcitriol can be used in humans,
means of decreasing its toxicity must
be developed.
There are two major ways that vita¬
min D can cause toxic side effects.
First, vitamin D can cause hypercalce¬
mia that may lead to nausea, vomit¬
ing, coma, and renal failure.10 Fortu¬
nately, there are several ways to avoid
hypercalcemia. Certain drugs de¬
crease absorption or increase excre¬
tion of calcium.10 Also, diet can be
effective at controlling hypercalcemia
in experimental animals treated with

vitamin D.11 Second, vitamin D may
cause toxic effects that are not attrib¬
utable to hypercalcemia.12 One such
effect is soft-tissue calcification.13
There are ways to alleviate this
manifestation of vitamin D toxicity.
Using a low dose of vitamin D is one
possibility. Our dose was chosen to
approach the lethal dose for 50% sur¬
vival observed in a pilot study with
the nude mice performed in this labo¬
ratory. Since this dose was effective at
inhibiting cell growth, lower less toxic
doses may prove acceptable. In future
experiments, we hope to evaluate the
effect of several different doses of
calcitriol on retinoblastoma in vivo.
On the other hand, a different metab¬
olite of vitamin D might be less toxic
and as effective. 1-alpha-hydroxy¬
vitamin D3 is almost as active as calci¬
triol and has lower toxicity.14·15 Final¬
ly, applying calcitriol locally would
eliminate most systemic toxic reac¬
tions of the drug without compromis¬
ing its effectiveness. Retinoblastoma
could be treated with intraocular
injections of vitamin D. This therapy
was not attempted in the nude mice
because their eyes become phthisic
with such insults. In larger animals,
however, intraocular injections may
prove effective. Once its toxic effects
are reduced, calcitriol may be a useful
chemotherapeutic agent against reti¬
noblastoma either as an adjunct to
current therapy or alone.
This investigation was supported in part by
grant EY0917 (Dr Albert) from the National Eye
Institute, Bethesda, Md, and by the Massachusetts Lions Eye Research Fund (Mr Cohen),
Stoneham, Mass.
Henry Adler gave assistance with this pro-

ject.

M. Uskokovic, PhD, and Gary Truitt, PhD,
Hoffman-LaRoche, Nutley, NJ, kindly provided
the crystalline calcitriol.

References

Pendergrass TW, Davis S: Incidence of retinoblastoma in the United States. Arch Ophthalmol 1980;19:1205-1210.
2. Shields JA, Augsburger JJ: Current
approaches to the diagnosis and management of
retinoblastoma. Surv Ophthalmol 1981;25:347\x=req-\
371.
3. Ellsworth RM: Practical management of
retinoblastoma. Trans Am Ophthalmol Soc
1.

1969;67:462-534.

4. White L: The role of

chemotherapy

treatment of retinoblastoma. Retina

in the

1983;3:194\x=req-\

199.
5. Frampton R, Omond S, Eisman J: Inhibition
of human cancer cell growth by 1,25 dihydroxyvitamin D3 metabolites. Cancer Res 1983;43:4443\x=req-\
4447.

6. Koshy TK: Vitamin D: An update. J Pharm
Sci 1982;71:137-152.
7. Haussler M: Vitamin D receptors: Nature
and function. Annu Rev Nutr 1986;6:527-562.
8. Albert DM, Saulenas AM, Cohen SM: Verhoeff's query: Is vitamin D effective against
retinoblastoma? Arch Ophthalmol 1988;106:536\x=req-\
540.
9. Reid T, Albert DM, Rabson AS, et al: Characteristics of an established cell line of retinoblastoma. JNCI 1974;53:347-360.
10. Myers W: Differential diagnosis of hypercalcemia and cancer. CA 1977;27:258-272.
11. Eisman J, Barkla D, Tutton D: Suppression
of in vivo growth of human cancer solid tumor
xenografts by 1,25-dihydroxyvitamin D,. Cancer
Res 1987;47:21-25.

12. Pang AS, Minta JO: Inhibition of vitamin
D2-induced arteriosclerosis in rats by depletion
of complement with cobra venom factor. Artery
1980;7:109-122.
13. Hunt RD, Garcia FG, Walsh RJ: A comparison of the toxicity of ergocalciferol and cholecalciferol in rhesus monkeys. J Nutr 1972;102:975\x=req-\
986.
14.

Sjoden G, Smith C, Lindgren U, et al: 1
alpha-hydroxyvitamin D2 is less toxic than 1
alpha-hydroxyvitamin D3 in the rat. Proc Soc
Exp Biol Med 1985;178:432-436.
15. Mawer EB, Hann JT, Berry JL, et al:
Vitamin D metabolism in patients intoxicated
with ergocalciferol. Clin Sci 1985;68:135-141.

