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Abstract

A series of in vivo studies are reported that provide evidence for an immunologically mediated mechanism for the antitumor
response from a calcium pterin (CaPterin) suspension. Strong antitumor efficacy was demonstrated in fully immunocompetent
female C3H/HeN-MTW- mice (retired breeders) presenting spontaneous mammary gland adenocarcinomas. Comparison of
results obtained by testing CaPterin in either nude or SCID mice (severely compromised immunodeficient) implanted with
MDA-MB-231 human cancer cells showed a significant antitumor response in the nudes and no response in the SCIDs. This
comparison argues for B-cell immunological involvement in the mechanism of CaPterin antitumor activity since nude mice
possess B-cell capability while SCID mice do not. This comparison also indicates that there is no measurable direct cancer
cell toxicity from the CaPterin. Results showing no CaPterin antitumor efficacy against EMT6 tumor cells implanted in Balb/c
mice also suggest an antitumor mechanism involving B-cells, since transforming growth factor beta (TGF-beta), produced by
EMTG6 cells, is known to cause B-cell apoptosis. Taken together, these results, along with those of other researchers, indicate that
CaPterin’s antitumor mechanism involves antibody-dependent cellular cytotoxicity (ADCC) mediated, for example, by natural
killer (NK) cells, interlukin-2, and CaPterin.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction et al.,, 1972 The National Cancer Institute subse-
guently tested xanthopterin and isoxanthopterin, as
Soon after it became available synthetically, xan- well as pterin (2-amino-43)-pteridinone), for their
thopterin (2-amino-4,63,5H)-pteridinedione) was  tumor-growth inhibitory properties, achieving incon-
found to inhibit sarcoma growth in female mice sistent results. Some tumor-animal model systems,
(Lewisohn et al., 1944 Interestingly, this antitumor  such as random-bred albino rats intramuscularly in-
effect was counteracted by leucopterin (2-amino- jected with Walker Carcinoma 256, demonstrated
4,6,7(3,5H,8H)-pteridinetrione). Some time later, limited anticancer activity for xanthopterin and isox-
isoxanthopterin (2-amino-4, 7¥B8H)-pteridinedione) anthopterin but the response was found to be non-

was also shown to inhibit tumor growttKgkolis significant in other rodent strains. Pterin also demon-

strated a degree of antitumor efficacy in Swiss mice

"+ Tel.: +858-454-6134: fax:+858-454-6134. injected subcutaneously with Sarcoma 180 but the
E-mail address: pmoheno@att.net (P.B.B. Moheno). effect was not reproducibléfug Evaluation Branch,
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NCI, 1957-197). More recently, a 2:1 (w/w) xan- (2) EMT6 mammary tumor allografts in Balb/c mice

thopterin/isoxanthopterin suspension in Mammalian (which have attenuated B-cell immunity). EMT6
Ringer's demonstrated strong antitumor efficacy tumor cells produce transforming growth factor
against spontaneous mammary gland adenocarcino- beta (TGF-beta), which is an immunosuppressive
mas in female C3H/HeOuJ mic#oheno, 199k cytokine that contributes to the immunological
The investigator hypothesized that the use of im- escape of tumor cellsMcAdam et al., 1994,
munocompetent mouse strains producing spontaneous  McEarchern et al., 1999; Park et al., 199Balb/c
tumors, rather than immunocompromised, induced mice with EMT®6 allographs lack full B-cell func-
tumor-animal systems, are more appropriate experi- tioning due to B-cell apoptosis, caused by one

mental models for testing the antineoplastic efficacy TGF-beta, Activin A Shav-Tal and Zipori, 2002
of pterins since these compounds have demonstrated and
immunomodulatory activity Ziegler et al., 1983a,b;  (3) MDA-MB-231 human mammary tumor xenografts
Ziegler, 1990. The testing of antineoplastic agents in SCID mice (which lack both B-cell and T-cell
in spontaneous mammary gland adenocarcinoma pro-  immunity).
ducing mice, such as the C3H/HeN-M¥\strain,
has played a central role in the development of drugs
efficacious in humans3ould, 1995%. Cytoxan, 5-FU, 2. Materials and methods
and Adriamycin were tested in spontaneous mammary
gland tumors Yagi et al., 198). Chronic low-dose 2.1. Materials
radiation-caloric restriction Kharazi et al., 1994
chronic indomethacin and intermittent interleukin-2 CaPterin suspension was prepared by first mak-
(IL-2) therapy (ala and Parhar, 1993an oxalato- ing two pterin (obtained from Schircks Laboratories,
platinum complex oftrans-1-dach (1-OHP) Bourut Jona, Switzerland) suspensions, A and B. Suspension
et al., 1989 and immunization against human chori- A was 5mM pterin in distilled water. Suspension B
ogonadotropin Acevedo et al., 1987have all been  was 5mM pterin and 5mM Caglin distilled water,
tested successfully in spontaneous mammary glandmade by first dissolving the appropriate amount of
adenocarcinoma tumor-producing mice. CaCb-2H,0, followed by the addition of pterin pow-
Based upon the above findings, and DNA mod- der. Suspension A was then mixed with suspension
eling considerations, the investigator decided to test B in a ratio of 3 parts A to 1 part B. The resultant
the antitumor efficacy of a calcium pterin suspension CaPterin suspension was 5mM pterin and 1.25mM
(CaPterin) Fig. 1) in female C3H/HeN-MTW- mice. CacCb. Initial observations indicated that this final sus-
These immunocompetent mice reliably produce pension more effectively reversed tumor growth than
(>90%) palpable and relatively uniform spontaneous suspension B.
mammary gland adenocarcinoma tumors, rendering
them methodologically suitable for comparison to 2.2. In vivo testing
three immunocompromised mouse-tumor systems:
2.2.1. C3H/HeN-MTV+ female mice with
spontaneous mammary gland adenocarcinomas
Six- to eight-month-old C3H/HeN-MT¥ female

(1) MDA-MB-231 human mammary tumor xenografts
in athymic nude mice (which lack T-cell immu-

nity); . . : . ;
Y) mice, retired breeders with a high propensity90%)
to develop mammary gland adenocarcinomas within
/Ca . . .
\;/ wcoordination bond" a few weeks after their arrival, were received from
N the National Cancer Institute. As each mouse devel-
NG | N oped a palpable tumor, it was assigned alternately to
~ _ either the Test or Control groups. The mice in the
HN NN Test group received 3/16 ml of the CaPterin suspen-

2

sion (7 mg/kg/day) by oral gavage for 7 days. Using a
Fig. 1. Proposed structure of calcium pterin. Vernier caliper, daily tumor sizes (average of largest
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and smallest diameters) of all palpable tumors were pension). The mean tumor volume was calculated at

measured and recorded. Tumor volumeéswere de- each time point. For Control and Test groups, the
termined byV = 4/3r(average diametgp)3. mean tumor volume was plotted as a function of

time after treatment. Treatment toxicity was assessed
2.2.2. MDA-MB-231 human mammary tumor from reductions in body weight during and after
xenografts in nude mice treatment.

Athymic nude (nu/nu) female mice, age 3—4 weeks,
were purchased from Harlan Sprague—-Dawley, Inc. 2.2.4. MDA-MB-231 human breast tumor
(Indianapolis, IN, USA). 5¢ 10° MDA-MB-231 hu- xenographs in SCID mice
man breast cancer cells were injected subcutaneously The antitumor activity of the oral CaPterin suspen-
into the right leg of the female immunodeficient mice. sion was subsequently tested in SCID mice (severely
When the tumors reached a mean diameter of 3—5 mm,compromised immunodeficient) bearing the human
the mice were divided into two groups, each consist- breast tumor cell line MDA-MB-231. Thirty-two
ing of eight members, and the treatment begun. The SCID mice were inoculated with scraped MDA-
mice were treated by oral gavage once daily for 14 MB-231 human breast cancer cells in matrigel us-
days with either 3/16 ml of the vehicle control (deion- ing a subcutaneous flank injection. The mice were
ized HO) or with 3/16 ml of the CaPterin suspension randomly assigned eight mice to each of the fol-
(7 mg/kg/day). lowing treatment groups: Control (distilled water);

Tumor dimensions and body weights were mea- 13 mg/kg CaPterin; 20 mg/kg CaPterin; and 26 mg/kg
sured two to three times weekly. Vernier calipers were CaPterin. Administration of either CaPterin or the
used to measure tumors in three planes, and tumorvehicle by oral gavage was from Monday through
volume (V) was calculated as follow®: = 7(xyz)/6, Friday for 75 days. Subcutaneous tumors were mea-
wherex, y, andz were the tumor measurements mi- sured twice weekly and volumes estimated according
nus skin thickness. The mean tumor volume was cal- to the formula:V = [(width)2 x length]/2. Mice
culated at each time point. For each group, the meanwere weighed before the beginning of the experi-
of the ratioV/V, was plotted as a function of time ment and weekly thereafter to check for signs of
after treatment. Treatment toxicity was assessed from toxicity.
reductions in body weight during and after treatment.

2.2.3. Mammary EMT®6 allografts implanted in 3. Results
female Balb/c mice

Balb/c female mice, age 3—4 weeks, were purchased Fig. 2shows the daily relative mean tumor volumes
from Simonsen Laboratories (Gilroy, CA, USA). The ofthe Control and Test C3H/HeN-MTY mice, which
experimental animals were each implanted subcuta- were given CaPterin suspension daily for 7 days. As
neously in the right flank with % 10’ EMT6 mouse can be seen fronkig. 2 the treatment strongly re-
mammary tumor cells. Tumor dimensions and body gressed tumor growth relative to controls. The ratio of
weights were measured two to three times weekly. Test tumor volumes to Control tumor volumeB @)
Vernier calipers were used to measure tumors in three at Day 7 was 0.1 (or 10%). The National Cancer Insti-
planes, and tumor volumé&/ was calculated as fol-  tute considers &/C < 42% to be a significant level of
lows: V = n(xy2)/6, wherex, y, andz were the tumor antitumor activity. AT/C value <10% is indicative of
measurements minus skin thickness. a high degree of antitumor activity. The increased rel-

When the tumor volumes reached a predetermined ative tumor volume variance associated with the larger
size (a mean tumor volume of 25-150 Mmmice tumors seen in the Controls is due to inherent tumor
were randomly sorted into two treatment groups of growth characteristics that increasingly diverge as the
eight mice each. The mice were each treated oncetumors grow.
daily for 15 consecutive days with either an oral in- Fig. 3shows the growth curves of the Test and Con-
jection of vehicle control (3/16 ml deionized,B) trol tumors in the nude mice implanted with MDA-
or 7mg/kg/day of test article (3/16 ml CaPterin sus- MB-231 human breast cancer xenographs. At Day
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Fig. 2. Mean growth response as relative tumor volume of spontaneous mammary gland adenocarcinoma tumors in C3HAHeNekI TV
treated with CaPterin. When tumors reached a palpable size (Day 0), Test animals were treated daily with oral doses of CaPterin. Key:
upper line, control; lower line, treated,, mean initial volume. Error bars represent the standard error of the mean for measurement of
groups of animals; Test and Control groups each consist of four members.

14 theT/C ratio was 0.41 (or 41%), within the NCI  over the 75 days of CaPterin suspension admini-
range for significant antitumor activityf{C < 42%). stration.
Throughout the course of treatment no evidence of
toxicity, as measured by weight change, was found in
any of the experimental nude mice. 4. Discussion
The CaPterin suspension treatment produced no sig-
nificant effect on tumor growth in the Balb/c mice Comparison of the results from the C3H/HeN-
with EMTG6 allographs Fig. 4). Here again, no mea- MTV + spontaneous mammary tumor system to those
surable animal toxicity, as determined by decreased from the nude mouse human breast cancer xenograft
body weight, was found. system shows that even though the spontaneous tu-
The CaPterin suspension showed no antitumor ef- mors responded more dramatically to the CaPterin
ficacy in the SCID mice Kig. 5. A least squares than the implanted tumors, the human breast cancer
regression statistical analysis of these tumor volume tumors in the nude mice nevertheless responded sig-
data indicated that there was no significant difference nificantly. The difference in degree of response (90%
in either tumor growth rate or tumor latency between versus 59% tumor growth inhibition) was initially
any of the three treatments—13mg/kg CaPterin, considered likely due to (1) the presence of one or
20mg/kg CaPterin, and 26mg/kg CaPterin—and more mediating immune system components in the
Controls. Again, as shown iRig. 6, the experimen-  C3H/HeN-MTV+ mice not present in the nude mice,
tal SCID mice demonstrated no measurable toxicity and/or (2) an inherently greater cytotoxic sensitivity
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Fig. 3. Mean growth response as relative tumor volume of MDA-MB-231 human breast xenografts in nude mice treated with CaPterin.
When tumors reached 3-5 mm in diameter (Day 0), Test animals were treated daily with oral doses of CaPterin. Key: upper line, control;
lower line, treated),, mean initial volume. Error bars represent the standard error of the mean for measurement of groups of animals
consisting of eight members each.
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Fig. 4. Mean growth response of EMT6 mouse mammary tumors in Balb/c mice to the test article, CaPterin suspension. When tumors
reached 25-150 mi#rin volume (Day 0), Animals were treated daily for 15 days with oral doses of 3/16 ml test article or vehicle alone (deio-
nized water). Error bars represent the standard error of the mean for measurement of groups of animals consisting of eight members each.
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Fig. 5. Thirty-two SCID mice, implanted with MDA-MB-231 human breast cancer cells, were randomly assigned to the following Monday
through Friday oral dosage groups: water (control), 13, 20, and 26 mg/kg CaPterin. Subcutaneous tumors were measured twice weekly.

on the part of the spontaneous adenocarcinoma cellsimmunocompromised SCID mice to those results
to CaPterin as compared to the MDA-MB-231 human obtained with the nude mice, in which both strains
breast tumor cells implanted in the nude mice. were implanted with MDA-MB-231 tumor cells. Di-
The first explanation is supported by comparing rect tumor cell toxicity by CaPterin is not supported
the results obtained from testing CaPterin in the because there was no tumor sensitivity found with

CaPterin Toxicity Monitoring in SCID Mice
(n=8 for each group)

30 -

D 25 -
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Fig. 6. Thirty-two SCID mice, implanted with MDA-MB-231 human breast cancer cells, were randomly assigned to the following Monday

through Friday oral dosage groups: water (control), 13, 20, and 26 mg/kg CaPterin. Mice were weighed before the beginning of the
experiment and weekly thereafter to check for signs of toxicity.
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the SCID mice as was observed with the nudes. University, for their vision, grant support, and encour-

Lack of direct tumor cell toxicity by CaPterin was agement over the years.
also determined in an NCI screen of 60 human tu-
mor cell lines in vitro in the concentration range of
2.5 x 104 to 2.5ug/ml Prug Evaluation Branch,
NCI, 2009. The unconjugated pterin, isoxanthopterin, _

. . . . Acevedo, H.F., Raikow, R.B., Powell, J.E., Stevens, V.C., 1987.
Sl_mllarly tested in vitro by NCI was found t(_) In- Effects of immunization against human choriogonadotropin
hibit the growth of 3 out of 60 tumor cell lines, on the growth of transplanted Lewis lung carcinoma and
while  6-(hydroxymethyl)tetrahydropterin  showed spontaneous mammary adenocarcinoma in mice. Cancer
some growth inhibition against 8 out of 60 tumor Detect. Prev. Suppl. 1, 477-486.

cell lines (Drug Evaluation Branch. NCI. 1994 Bourut, C., Chenu, E., Mathé, G., 1989. Can neo-adjuvant
2003) ' ' ’ chemotherapy prevent residual tumors? Bull. Soc. Sci. Med.

. . . Grand-Duche Luxem. 126, 59-63.
Unlike the SCID mice that have neither T-cell nor prug Evaluation Branch, Developmental Therapeutics Program,

B-cell immune functions, nude mice retain a degree In-Vitro Screening, National Cancer Institute, Bethesda, MD,

of B-cell function, indicating B-cell involvement in 1994, 2002, 2003. NSC 118090, D-724224/1, 626091.

the antitumor mechanism of CaPterin. Furthermore Drug Evaluation Branch, Developmental Therapeutics Program,
L Division of Cancer Treatment, National Cancer Institute,

the results from the EMT6 allograph system, which  goiecqa D, 1957, 1958, 1959, 1960, 1964, 1969, 1971,

expresses TGF-beta, also suggest B-cell involvement 1972 1973, 1974, 1975, 1977. NSC 41836, 91557, 118090,

in CaPterin’s antitumor mechanism since at least one 11540, 18696, 170929.

TGF-beta, Activin A, inhibits B-cell proliferation Gould, M.N., 1995. Rodent models for the study of etiology,
(Shav—TaI and Zipori 2002 prevention and treatment of breast cancer. Semin. Cancer Biol.

. . 6, 147-152.
Am'bOdy'dependem cellular Cytotoxicity (ADCC) Kharazi, A.l., James, S.J., Taylor, J.M., Lubinski, J.M., Nakamura,

is a defined immunological mechanism used by many |1, Makinodan, T., 1994. Combined chronic low dose
organisms to destroy cancer cells, which can be in-  radiation-caloric restriction: a model for regression of
duced by natural killer (NK) cells, monocytes, and ;gorgtj;eg;ﬁ mammary tumor. Int. J. Radiat. Oncol. Biol. Phys.
polymorphonuclear neqmphlls. (PMNsp¢ndel an.d Kokolis, N., Mylonas, N., Ziegler, |., 1972. Pteridine and riboflavin
Hank, 2001‘ NK cells in partICU|ar can be prollf- in tumor tissue and the effect of chloramphenicol and
erated and activated by various cytokines, such as isoxanthopterin. Z. Naturforsch. B 27, 292—295.
interleukin-2 (IL-2). Research carried out and re- Lala, PK. Parhar, R.S. 1993. Eradication of spontaneous
viewed by Ziegler (1990)found that at least one and experimental adenocarcinoma metastases with chronic

pteridine, HBiopterin, modulates the efficiency of indomethacin and intermittent IL-2 therapy. Int. J. Cancer 54,
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