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INTRODUCTION

Boanmycin (Bleomycin A6, BAM), anew antitumor
antibiotic, was isolated from many components of
bleomycin (BLM) produced by streptomyces
pingyangensi swhich were obtained fromasoil sample
collected in Pingyang County, Zhejiang Province,
China. Boanmycin hasasimilar chemical structureto
that of BLM, but theterminal aminemoiety isdifferent
[, Pingyangmycin (bleomycin A5), one of
multicomponent bleomycin complex produced by the
strain, was found to have a high activity against a
wide spectrum of murine transplantable tumors, but
have a relatively low pulmonary toxicity in micel?4.
Pingyangmycin, as a single agent, shows marked
inhibition on the growth of human colon cancer,
stomach cancer and nasopharyngeal cancer
xenografts in nude mice®>7. It has been widely used
clinically in the treatment of tumors since 1979 in
China®. Because of a good antitumor efficacy of
pingyangmycin as a single agent and low marrow
toxicity, attempts have been made to develop new
superior bleomycin derivatives®. BAM, a minor
component of bleomycin complex, was also found
to be highly active against murine tumors, human
liver cancer and colorectal xenograftsin nude mice,
and markedly inhibit the spontaneous pulmonary
metastasis of Lewis carcinomain micel’®, BAM-
monoclonal antibody immunoconjugateswerehighly
effective against related human tumor in vivo and
in vitrol*>°", BAM also reached a higher
concentration and remained for a longer time in
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murine transplantabl e carcinomas as compared with
other bleomycin componentst®. As observed under
el ectron microscopy, the pulmonary toxic damage
caused by BAM was less than that induced by
bleomycini®!, Phase| clinica study of BAM showed
no myel osuppressionand cardiactoxicity, anditsmajor
adverse reactions were fever, gastrointestinal
reactions and hardening at the site of i.m. injection.
All adverse effects disappeared after discontinuation
of the therapy!?Y.

Anided anima modd for cancer isonethat mimics
human diseasein every respect. Most tumor xenograft
studies, including colorectal tumor, for the evaluation
of antitumor activity of drugs used subcutaneous
implantation system dueto its convenience and access
to direct detection and therapeutic effect. However,
thosemode shavelimitationsfor thestudy of interaction
of tumor cellswiththeir relevant organ environment or
organ distribution of drugs. Alteration of
microenvironment surroundingtumor tissuewill notonly
influence growth and spread of tumor but also is
important for drug delivery?>24, Recently, use of
orthotopic modelsfor the growth of tumorsin mice or
rat has aroused more interest, including lung cancer,
colorectal cancer, breast cancer, pancreatic cancer,
etcl?>%, However, whether such orthotopic colorectal
tumor model sapply to theeval uation of new anticancer
agentsremainsunknown.

In the present study, human colorectal tumor
xenograft model in nude mice and the orthotopic
model of murine colon cancer were used to clarify
the antitumor effect of BAM in comparison with
that of mitomycin C and 5-fluorouracil, drugs
commonly used in clinicsagainst colorectal cancer.
We attempted to determine the effect of BAM
against colorectal cancer and whether the organ
microenvironment could influence the response of
a murine colon cancer to systemic therapy with
BAM.

MATERIALS AND METHODS

Mice

Nude mice with a BALB/c genetic background
were bred under specific pathogen-free conditions
at the Institute of Laboratory Animal Sciences,
Chinese Academy of Medical Sciences (CAMS).
All experiments were carried out in the I nstitute of
Laboratory Animal Sciences under specific
pathogen-free conditions using laminar airflow
racks. Six to seven week old male or female nude
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mice weighing 18 g-22 g were used for the
experiment. All food, water and bedding were
sterilized.

Tumors

Two human cell lines of colorectal cancer, HT-29
and Hce-8693, transplanted into nude mice, were
used. HT-29 was an adenocarcinoma of the colon
established inthe Memorial Sloan-K ettering Cancer
Center, New York. Hce-8693 was a poorly
differentiated adenocarcinoma of the cecum
established in the Zhejiang Tumor Hospital,
Hangzhou.

Colon tumor NO. 26 (CT-26), a murine colon
adenocarcinoma, was induced in aBALB/c mouse
by chemical carcinogens. Initially, CT-26 cellswere
serially transplanted and then established as a cell
line and used in alarge number of chemotherapy
studies.

Drugs

Commercially available mitomycin C(MMC) and
5-fluorouracil (5-FU) were used for the
experiment. BAM, a single component of
bleomycin A6, was purified from bleomycin
complex at Institute of Medicinal Biotechnology,
CAMS & PUMC, Beijing. A 1/9 LD50 equitoxic
dose for each drug, MM C 1.0 mg/kg per injection,
5-FU 27 mg/kg per injection and BAM 10 mg/kg
per injection, was used for in vivo comparative
studies?*.

Chemotherapy of human colorectal cancer
xenografted in nude mice

Two human tumor fragments of about 2 mm? were
inocul ated subcutaneoudy into theright axillary region
of nude mice. When diameter of tumor reached 3 mm-
4 mm, tumor-bearing mice were randomized into test
groups of 5-6 each and drug treatment was initiated.
Test mouse was weighed and size of tumor was
measured with diding caliperstwo timesweekly, and
tumor weight (W) was calculated by the formula W
(mg) = a(mm) x b*(mm)/2 where awasthe width and
b isthelength. The drugs were administeredi.p., b.i.
w., atotal of 10injections. Next day after |ast treatment,
mice were killed and the tumors were removed and
weighed. The antitumor effect of drug was evaluated
interms of inhibitory ratio [ 1-(mean tumor weight of
treated group - mean tumor weight of control group)]
x 100%!*2,

Chemotherapy of murine CT-26

Orthotopic tumor implantation Six-week-old (18 g-
20 g) female BALB/c mice were anesthetized with
diethylether, and the abdomen was prepared for
sterile surgery. A small incision was made, the
cecum was exteriorized and CT-26 cells (1 x 10/
0.02 mL) wereinjected with a30-G needle between

the submucosa and the subserosa. The lack of extra-
cecd leskagewasthecriterion for asuccessful injection.
The cecum was returned to the abdominal cavity, and
the wound was closed in onelayer(™.

Subcutaneoustumor implantation CT-26 cells
(1x10%0.02mL) wereinjectedintos.cinright axilla
region. Mice were randomized into treatment and
control groups based on the body weight next day
after tumor cell injection. The drugs were
administered i.m. (hindlimb), g.o.d., for atotal of
10 injections. Mice with s.c tumors and cecal
tumors were killed on day 21 after tumor cell
injection, and tumors were removed and weighed.
The antitumor effect of drug was also evaluated in
terms of inhibitory ratio [ 1-(mean tumor weight of
treated group - mean tumor weight of control
group)] x 100%(7,

Pathologic examination

Samplesfrom untreated and drug-treated tumors were
collected from subcutis or cecum and fixed in Bouin's
solution, and embedded in paraffin. Sectionsweremade,
stained with H & E and observed under microscopy with
arectangular net-like micrometer. Whole area and
necrosis areain tumor section was measured, and the
necrosisratio of tumorswascal culated. Tenoptical fields
were examined along the periphera areaof the tumor
and the mitotic figures were recorded*?,

Examination of nucleated cells in bone marrow
Femurswere removed and the bone marrow cavity was
washed out with 3mL white-blood-cell diluting solution.
The nucleated cells per femur were counted under
microscopy*2.

RESULTS

Response of colon cancer to BAM in nude mice
Theresultsshown in Table 1 reveal sthe sameresponse
of thetwo typesof human colon cancer tointraperitonea
BAM inboth 10 and 15 mg/kg dose groups. Both doses
exerted marked inhibition on the growth of HT-29 and
Hce-8693 xenograftsin nude mice.

Table 1 Inhibitory effect of BAM on the growth of human
colorectal xenografts in nude mice*

Drug  Tumor No. of Dose Tumor weight (g) Tumor growth

mice  (mg/kg) X*ES inhibition (%)
6 1.300 + 0.620
HT-29 6 10 0.138 + 0.064 89°
6 15 0.098 + 0.074 92°
BAM

Hce-8693 5 1.501 + 1.445
10 0.154 + 0.125 90P

5 15 0.122 + 0.154 92°

(8]

*Treatment was started on day 3 and day 14 after HT-29 and
Hce-8693 tumor transplantation, ip., twice a week, with a total
of 10 injections. °P<0.01, vs control group.
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Comparative response of colon cancer to BAM,
5-FU and MMC in nude mice

On the basis of equitoxic doses (1/9 LD50), BAM and
two clinically active drugs (5-FU and MMC) were
evd uated against human colon cancer HT-29 xenografts
innude mice. Table 2 showsthe response of the tumor
to two weekly treatmentswith three drugs. BAM isthe
most active single agent with an inhibition rate of 82%
and exerted much stronger growthinhibitionagainst HT-
29 xenograftsthan 5-FU(P<0.01) and MM C(P<0.05).
MM C had moderate activity against HT-29 xenografts
withaninhibitionrate of 53%. 5-FU did not arrest tumor
growth throughout the experiment, and tumor increased
insize at the samerate as the untreated control with an
inhibitionrate of 12%.

Comparative response of CT-26 growing at
subcutis and cecum to BAM 5-FU and MMC

Intheexperiment, BALB/c miceweregiveninjections
of CT-26 cellsinto subcutisand cecum, which produced
s.c tumor and cecum tumor. In view of the drug
distribution, BAM, 5-FU and MM C wereadministered
i.m. rather than i.p. at an equitoxic dose. In the
treatment, the equitoxic dose was administered, and
theantitumor activity of thethree agentswascompared.
Table 3 shows the antitumor activity of BAM on the
intraceca and s.c CT-26 tumor in comparisonwith that of
5-FU andMMC. BAM displayed agtriking activity against
intracecal CT-26 tumor; the inhibition of tumor

growth was higher at the cecum than at the s.c site
(P<0.05). Themean tumor weight after BAM treatment
waslessthanthat inthe control, 5-FU and MM C groups,
andthedifferencewasstatisticaly significant (P<0.01).
On the other hand, 5-FU did not effectively suppress
thetumor growth, and MM C showed mild activity.

Changes in tumor necrosis and mitosis

In contrast to the control HT-29 tumors that
maintained their feature of poorly differentiated
adenocarcinoma, the BAM-treated HT-29
xenografts in athymic mice presented extensive
tumor necrosisandfibrosis. Inareasof residual tumor,
tumor cells were frequently found to have giant,
bizarre-shaped pyknotic nucleoli, or prominent
inclusion-typenucleoli. Xenograftstreated with 5-FU
and MM C showed scattered giant, bizarre-shaped
nuclei and nucleolar prominence but these changes
were focal and less apparent than in BAM-treated
tumors. More extensive necrosiswasfound in tumors
treated with BAM than in those treated with 5-FU or
MMC. The necrotic ratio of tumors (whole necrotic
area/wholetumor area) in BAM-treated group (67%)
was much higher than that in 5-FU-treated (35%),
MM C-treated (43%) and control groups (35%). In
contrast to the tumor of the control group, the
pathol ogic mitosisfiguresin BAM-treated group were
reduced by 69%, which werefewer thanthosein 5-FU-
treated, MM C-treated and control group (Table 3).

Table 2 Inhibitory effect of BAM, MMC and 5-Fu on the growth and tumor cell mitosis of human colon cancer HT-29 xenografts in

nude mice*
Mitotic figures®#

Drug Dose™ No. of Tumor weight (g) Inhibitory rate Necrotic ratio of

(mg/kg) mice X+s (%) tumors® (%) X+s (%)
Control 5 0.804+0.173 35° 104+12 100
BAM 10 5 0.148+0.059 82 67 4144 39°
MMC 1 5 0.376+0.174 532 430 107+12 103
5-FU 27 5 0.707+0.168 12° 35 13017 130

*Treatment was started on day 9 after tumor transplantation, ip., twice a week, with a total of 10 injections;
“Drugs were administered at equitoxic doses (1/9 LD50); “Ratio of necrotic areas in whole section of the tumor.
A4Number of mitotic figures in 10 optical fields of the section of tumor.

3P<0.05, vs BAM group; °P<0.01, vs BAM group.

Table 3 Inhibitory effect of BAM, MMC and 5-FU on the growth of CT-26 tumor at the cecum and s.c site in mice*

s.c. tumor Cecal tumor
Exp. Drug Dose™ No. of
Tumor weight (g) Inhibitory rate ~ Tumor weight (g) Inhibitory rate
(mg/kg) mice X s (%) X*s (%)
| Control 9 0.854+0.151 0.557+0.112
BAM 10 9 0.101+0.054 88P 0.005+0.010 99°
MMC 1 8 0.311+0.105 64 0.159+0.043 71
5-FU 27 8 0.459+0.118 46 0.310+0.148 44
1 Control 6 0.900+0.396 0.740+0.446
BAM 10 6 0.105+0.088 88P 0.011+0.019 99°
MMC 1 5 0.674+0.270 25 0.159+0.510 78
5-FU 27 6 0.657+0.322 27 0.434+0.255 41

*Treatment was started on next day after tumor cell injection, im., god., with a total of 10 injections.

"Drugs were administered at equitoxic doses (1/9 LD50).
®P<0.01, vs any other group.
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Toxicity

No death or body weight loss of more than 20% was
seeninthecontrol or trested miceduring theexperiment.
No inhibition on bone marrow cellularity wasfound in
HT-29-bearing nude mice and CT-26-bearing mice at
therapeutic doses of BAM. There was no significant
differencein nucleated cell counts of marrow between
the control and BAM group. Inthe CT-26-bearing mice,
5-FU and MM C caused significant decrease in bone
marrow cellularity (Table 4). At therapeutic doses, no
pathol ogic changeswerefound inthe heart, lung, liver,
spleen, kidney and brain of BAM-treated mice.

Table 4 Bone marrow nucleated cells in mice bearing CT-26
treated by BAM, 5-FU and MMC

Nucleated cells (108/femur)

Exp. Drug Dose” No. of
(mg/kg) mice X*s %

| Control 6 13+3 100
BAM 10 6 13+3 100
MMC 1 5 7+2 54>
5-FU 27 6 7+2 54>

1 Control 9 12+3 100
BAM 10 9 12+2 100
MMC 1 8 3+1 25P
5-FU 27 8 4+1 330

*Drugs were administered at equitoxic doses (1/9 LD50).
®P<0.01, vs control group.

DISCUSSION

Colorectal carcinomas are generally not very
sensitiveto the established chemotherapeutic agents;
only 5-FU and MM C have shown some activity
against colon carcinomas; the effects achieved,
however, are of only alittle value with respect to
patient survival®41, In the present study, we
investigated the antitumor effectiveness of BAM, a
new antitumor antibiotic, against human colorectal
adenocarcinomaheterotransplanted to nudemiceand
murine colon adenocarcinoma. On the other hand,
BAM, an analog of BLM that is clinically
characterized by marked antineoplastic activity
against carcinomaof the head and neck!*2*%, showed
apronounced antitumor effect against the col orectal
carcinomaused in the present study. At a1/9 LD50
equitoxic dose, BAM exerted much stronger growth
inhibition against human colon cancer HT-29
xenograft in nude mice than MMC and 5-FU.
However, the tumor that remained after treatment
consisted of viablecellswith no degenerative changes,
which were the source of early recurrence’. These
results indicated that the effect of cancer
chemotherapy should be judged not only by tumor
reduction rate but also by histological changes, such
asthenecroticratio of tumors. Inthe present study, more
extensive necrosis and fewer mitosis figures were

found in tumors treated with BAM than those with
MM C and 5-FU, indicating that BAM wasmoreactive
against colon cancer HT-29 xenografts among three
agents.

Most patients with colorectal carcinomawill die
from distant metastases that are not detectable at
the initiation of treatment!“>“¢!, Two major factors
that influence the outcome of systemic therapy of
cancer are heterogeneity of malignant neoplasms
and in vivo conditions. Organ environment effects
on the response of tumor to systemic chemotherapy
aremultifactorial, including the nutritional status of
cells, the presence of organ-specific growth factors
and other single-transducing agents, the degree of
oxygenation, pH, extent of the vascular network and
itsfunctionality, local immunity, extracellular matrix
components and drug metabolism?>24, The current
model of orthotopicimplantation of acoloncarcinoma
provides a unique opportunity to study a human
malignancy in a context that is as close as possible
totheclinical condition. Sinceintracecal tumorswere
much closer to clinical tumorsthan s.c tumorsfrom
the view of the histology of tumor growth or
metastasis, this system was applicable to the
evaluation of the tumor growth inhibitory effect by
BAM. The present study demonstrated that murine
adenocarcinoma CT-26 can successfully, using the
orthotopic implantation technique, produce an
aggressive tumor which retained the morphol ogical
biological characteristics of the donor tumor and
metastasized to the mesenteric glands. BAM
inhibited tumor growth on CT-26 implanted into the
cecum and s.c more than 5-FU and MMC at the
equitoxic dose. Moreover, the inhibitory effect of
BAM on the growth of CT-26 tumor was higher at
the cecum than at the s.c site in mice, which
implicates that BAM may have the organ-specific
effect. Organ-specificdifferencesinthechemosensitivity
of tumor cells have been reported by afew authors.
Staroselsky et al have reported that a murine
fibrosarcomagrowing s.cin syngeneic miceismore
sensitive to DXR than the same tumor growing as
lung metastases!?”. Pratesi et al investigated the
antitumor efficacy of flavone acetic acid against
human ovarian carcinoma cells xenografted into
different organ sitesin nude mice, whiletumorsin
the liver and subcutiswere sensitive to the flavone,
and ascites and lung tumors were resi stant!??,

Since current clinical chemotherapy of colorectal
cancer generally gives poor results, the finding
of the present study is of interest with respect
to the growth inhibiting activity of BAM against
human colon carcinoma xenograft and murine
colon carcinoma. However, further and
extensive studies are necessary to confirm this
finding and to evaluate the actual antineoplastic
effectiveness of BAM against colon carcinomas.
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