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Anticancer activity of methoxymorpholinyl doxorubicin
(PNU 152243) on human hepatocellular carcinoma
Shengtao Yuan®, Xiongwen Zhang? Lijuan Lu®, Chenghui Xu® Weiyi Yang®

and Jian Ding®

Methoxymorpholinyl doxorubicin (PNU 152243) is a
morpholinyl analog possessing a methoxymorpholinyl
group at the 3’ position of the sugar moiety, which,
compared with doxorubicin, appears to be less cardiotoxic
and more cytotoxic against multidrug-resistant tumor cells.
In this study, we report the anticancer activity of PNU
152243 on human hepatocellular carcinoma (HCC) in vitro
and in vivo. The average IC5, value of PNU was 0.08 pM.
In contrast, the average ICs, values of adriamycin (ADM),
4’-epidoxorubicin (EDR), mitomycin C (MMC), cisplatin and
vepesid (VP-16) were 0.96, 0.74, 2.81, 7.27 and 26.66 uM,
respectively. PNU 152243 was 13.7, 10.6, 40.1, 103.8 and
380.8 times more potent than ADM, EDR, MMC, cisplatin
and VP-16 against HCC in vitro. In nude mice, the T/C (%)
were 43.8 at the dose of 25 ng/kg and 41.2 at the dose
of 50 pg/kg on BEL-7402 xenograft, the T/C (%) were
41.7 at the dose of 25 pg/kg and 54.6 at the dose of

50 ng/kg on Zip-177 xenograft. The results showed that
PNU 152243 had growth inhibition of HCC in vitro and

Introduction

Since its introduction into clinical medicine in the early
1970s, doxorubicin has become an important anticancer
drug in the treatment of a variety of solid tumors [1].
However, its clinical uses are limited by the dose-related
cardiomyopathy [2] and emergence of drug resistance,
particularly multidrug resistance (MDR) [3]. Over the
last 20 years, several anthracycline analogs have been
synthesized in an attempt to circumvent the cardiotoxi-
city and drug resistance associated with doxorubicin. One
promising series of analogs is the morpholinyl analogs,
which, compared with doxorubicin, appear to be less
cardiotoxic at the therapeutic doses [4,5] and more
cytotoxic against multidrug-resistant tumor cells [6-8].

Methoxymorpholinyl doxorubicin (PNU 152243) is a
morpholinyl analog possessing a methoxymorpholinyl
group at the 3’ position of the sugar moiety (Fig. 1).
PNU 152243 is at least 80- to 150-fold more potent than
doxorubicin when administered to mice # vivo. Further-
more, its maximum tolerated dose, as defined on the
basis of drug-induced myelosuppression in phase I trials,
is 50-fold lower than that of doxorubicin. In contrast,
PNU 152243 is only 3- to 4-fold more potent than
doxorubicin iz vitro [9,10]. This compound also maintains
in vitro and i vivo cytotoxic activity against P388 leukemia
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resistant to doxorubicin and some human solid tumors,
such as colon adenocarcinoma, mammary carcinoma, lung
adenocarcinoma and small cells lung carcinoma [11].
Primary hepatocellular carcinoma (HCC) is one of the
most common malignancies in China and there were no
reports on the anticancer activity of PNU 152243 on HCC
up to now. In this communication, we report the # vitro and
mn vivo anticancer activity of PNU 152243 on HCC.

Materials and methods

Chemicals

PNU 152243, doxorubicin—-HC] (ADM) and 4’-epidoxo-
rubicin (EDR) were supplied by Pharmacia & Upjohn
(Shanghai, China). Mitomycin (MMC) was purchased
from Kyowa Hakko Kogyo (Tokyo, Japan), cisplatin was
from QilLu Pharmaceutical Factory (Jinan, China) and
vepesid (VP-16) was from the Experimental Pharmaceu-
tical Factory of Shanghai Institute of Medicine Industry
(Shanghai, China). All drug solutions were prepared
immediately with normal saline before use. Unless
indicated otherwise, all other chemicals were purchased
from Sigma (St Louis, MO).

Animals and tumor cell lines
KM adult mice of both sexes supplied by Shanghai
Medical University were used to evaluate the acute
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Structure of PNU 152243.

toxicity of PNU 152243 and ADM. KM mice were 5-6
weeks of age, weighted 18-22¢ and were kept under
standard laboratory conditions. Adult male BALB/cA nude
mice supplied by Shanghai Institute of Materia Medica,
Chinese Academy of Sciences were employed in experi-
ments with human tumor xenografts. The nude mice
were 4-5 weeks of age, weighted 18-22¢g and were
maintained under specific pathogen-free conditions.
Food and bedding were sterilized and water was acidified
(pH 2.5-3).

The study was performed on five human HCC cell lines.
BEL-7402, BEL-7404 and Zip-177 were established by
Shanghai Institute of Biochemistry and Cell Biology,
Shanghai Institutes for Biological Sciences, Chinese
Academy of Sciences [12]. SMMC-7721 cell line was
established by The Second Military Medical University
[13] (Shanghai, China). Hep-G2 cell line was established
by Baylor College of Medicine [14] and purchased from
the ATCC (Rockville, MD).

Sulforhodamine B (SRB) assay

The in vitro cytotoxicity of PNU 154233 and other
anticancer drugs were studied in five HCC cell lines
using SRB assay. Exponentially growing cells, suspended
with 0.25% trypsin and washed twice with medium,
seeded into 96-well plates. Zip-177 and Hep-G2 cells
were seeded with 1.5 x 10%well and the others were
9.0 x 10%/well. After incubated at 37°C in a humidified,
5% CO, atmosphere for 24h, cells were added with
various concentrations of drugs. The plates were con-
tinuously incubated at same condition for 72 h. Inhibition
of cell growth was evaluated as described previously [15].

The 50% inhibitory concentration (ICsy) was calculated
on derived concentration-response curve by the Logit
method [16]. Within each experiment, determinations
were performed in triplicate and experiments were
repeated at least 3 times.

Acute toxicity assay

KM mice were administered with PNU 152243 or ADM
once i.v. The doses of PNU 152243 were 87.6, 105.2,
126.0, 152.3, 182.9 and 219.1 pg/kg; the doses of ADM
were 11.1,13.3,15.9, 19.1, 22.8 and 27.4 mg/kg. The mice
were observed for 30 days. The 10, 50 and 90% lethal
doses (LLDy¢, LDsg and LLDgg) were calculated on derived
dose—response curves by the Bliss method [17].

Xenografts models and treatments

Human HCC BEL-7402 and Zip-177 xenografts were
established by inoculated 2 x 10° cells s.c. in nude mice.
The experiments were begun when the xenografts had 3
passages in nude mice. Under a sterilization condition,
well growth tumors were cut into 1.5-mm® fragments and
the fragments were transplanted s.c. into the right flank
by trocar on nude mice. The sizes were measured with a
caliper. When the tumor volume reached 150-500 mm®,
the mice were randomly divided into five groups and
received a single i.v. injection of three doses of PNU
152243, ADM or saline (negative control) once a week for
a period of 3—4 weeks. According to the results of acute
toxicity, the high dose of PNU 152243 was 75 pg/kg,
approximate to LLDy. The middle and low doses of PNU
152243 were 50 and 25pg/kg, respectively. The dose
of ADM was 5.5 mg/kg equivalent to the middle dose
of PNU 152243. The lengths (4, mm) and widths
(B, mm) of the tumors and the body weights of mice
were measured twice weekly. Tumor volume (TV, mm?)
was calculated according to the following formula:
TV = 1/24B%. Relative tumor volume (RTV) was calcu-
lated by the following formula: RTV = V/V,, where V; is
the tumor volume on each day of measurement and V} is
the tumor volume on the day of first drug treatment (day
0). Therapeutic effect of drug was expressed in terms of
T/C (%) and the calculation formula is: T/C (%) = Trrv/
Crrv X 100%, where Trry is the RTV of treatment group
and Cgrrv is the RTV of negative control group [18].

Statistical analysis

Student’s 7-test was used for statistical analysis between
the control and treated groups. p < 0.05 was considered
significant.

Results

In vitro antitumor activity

In vitro cytotoxicity of PNU 152243 and other anticancer
drugs on HCC cell lines was determined using the SRB
assay (Table 1). Both PNU 152243 and five kinds of
anticancer drugs dose-dependently inhibited the prolif-
eration of five kinds of HCC cell lines. The average 1Cs
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value of PNU 152243 on HCC cell lines was 0.08 uM. In
contrast, the average ICs, values of ADM, EDR, MMC,
cisplatin and VP-16 were 0.96, 0.74, 2.81, 7.27 and
26.66 UM, respectively. The cytotoxicity of PNU 152243
was 13.7, 10.6, 40.1, 103.8 and 380.8 times more potent
than ADM, EDR, MMC, cisplatin and VP-16 against
HCC cell lines  vitro.

Acute toxicity

Between 1 and 2 days after administration, the mice
appeared to show toxicity. The peak time of death was
the day 5-8 day. The LDy, LDsy and LDy, values of
PNU on female mice were 90.7, 107.7 and 127.7 ng/kg
and 91.3, 108.7 and 129.0 pg/kg on male mice. In contrast,
the LDy, LD5o and LLDgq values of ADM on female mice
were 9.9, 15.1 and 20.0 mg/kg and 9.6, 13.8 and 19.9 mg/
kg on male mice.

In vivo antitumor activity

"Tables 2 and 3 and Figures 2 and 3 present the results of
the experimental therapeutic efficacy of PNU 152243 on
human HCC xenografts BEL-7402 and Zip-177 in nude
mice. Tables 2 and 3 show that the T/C (%) were 43.8 on
BEL-7402 and 41.7 on Zip-177 at the dose of 25 pg/kg;
the T/C (%) were 41.2 on BEL-7402 and 54.6 on Zip-177
at the dose of 50 pug/kg. The results showed that PNU
152243 had some growth inhibition of human HCC
xenografts BEL-7402 and Zip-177 in nude mice. How-
ever, at the high dose (75pg/kg), PNU152243 also

Table 1 IC5q values of PNU 152243 and other anticancer drugs on
HCC cell lines cultured in vitro

showed obvious effects on the two xenografts, but the
toxicity was high and results in the death of nude mice.
The antitumor activity of positive control drug (ADM)
was equivalent to or weaker than that of 25 pg/kg PUN
152243 against BEL-7402 or Zip-177 HCC xenografts,
respectively.

Discussion

HCC is one of the most common malignancies in the
world, about 560 000 cases of liver cancer, usually HCC,
occur annually. More than 80% of cases occur in Asia and
Africa where HCC is most frequently caused by hepatitis
B or C (or both) virus infection, chronic liver disease and
cirrhosis; concomitant dietary exposure to aflatoxins
multiplies the risk [19]. The survival for the patients is
poor due to local invasion or distant metastasis. At
present, only complete surgical resection with either
partial hepatectomy or a liver transplant is potentially
curative, but this procedure is possible in only a small
subset of patients. Even though there have been
substantial advances in hepatic surgery, an operative
approach may not be feasible because of co-morbid
disease or intra- or extrahepatic metastatic diseases. In
light of this situation, most lesions are not resectable for
cure. Moreover, HCC is not sensitive to radiotherapy, so
with the development of the hepatic arterial infusion
chemotherapy and transcatheter hepatic arterial che-
moembolization, chemotherapy is more and more im-
portant in HCC treatment [20].

Within the limits of chemotherapeutic agents currently

Cell lines Cso (uM) available, an increasing number of approaches are being
PNU ADM EDR  MMC Cisplatin VP-16 investigated in an effort to increase the survival and life
Zip-177 0.05 103 113 365 1510 3940 quality (.)f. patients. Of all of the antl-neoplastlic agents,
BEL-7402 0.04 0.49 0.10 2.24 547  16.20 doxorubicin initially was thought to have significant
BEL-7404 0.19 2.16 2.09 5.50 9.77  46.60 - : :
SMMO-7794 0.07 6,49 14 100 233 18.30 activity, although subsequent.tnals have failed to confirm
Hep-G2 0.05 0.42 0.24 1.08 362  12.80 single-agent response rates in excess of 20% [21-23].
Average ICso 0.08 0.96 0.74 2.81 727 2666 Other agents alone or in combination, such as etoposide,

The cells were seeded into 96-well plates for 24 h and treated with various
concentrations of different drugs for 72h. Inhibition of cell growth was
determined by SRB assay. ICso was calculated as described in Materials and
methods. Within each experiment, determinations were performed in triplicate
and experiments were repeated at least 3 times.

cisplatin, mitocantrone, 5-fluorouracil with leucovorin,
epirubicin, liposomal doxorubicin or AG-337 (Thymitaq),
have failed to produce response rates that exceed 20-30%
[24,25].

Table 2 The experimental therapeutic efficacy of PNU 152243 on human HCC BEL-7402 tumor xenografted in BALB/cA nude mice

Group Doses Route Animal no. Animal weight (g) TV (mm®, x+SD) RTV (x* SE) T/C (%) p
DO Dn DO Dn DO Dn

NS i.v. 16 16 20.5 276 504 £403 5015+ 334 12.3+73

ADM 5.5 mg/kg iv. 8 8 21.0 26.8 480+ 240 2028 +433 54%29 43.6 0.011

PNU 25 nug/kg iv. 8 8 20.6 26.3 479+129 27511830 54+13 43.8 0.014

PNU 50 ng/kg i.v. 8 8 21.6 25.6 504 =301 2258+808 51+1.8 41.2 0.007

PNU 75 ng/kg L. 8 2 20.5 275 506 353 2760+£515 41%+05 33.8 0.078

BEL-7402 tumor fragments (1.5 mm®) were implanted s.c. into right flank by trocar on BALB/cA nude mice. The animals were randomly divided to five groups when the
tumor volume reached 500 mm?® and received a single i.v. injection of three doses of PNU 152243, ADM or saline once a week for a period of 3 weeks. Tumor growth was
monitored as described in Materials and methods. Therapeutic effect of drugs was expressed in terms of T/C (%) and the calculation formula: T/C (%) = Trrv/Crry X
100%, where Trry was the RTV of the treatment group and Cgry was the RTV of the negative control group. Do: day of the start of treatment. D,,: day of the optimal of
treatment, which was the 21st day in the experiments. TV: tumor volume. RTV: relative tumor volume.
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Table 3 The experimental therapeutic efficacy of PNU 152243 on human HCC Zip-177 tumor xenografted in BALB/cA nude mice

Group Doses Route Animal no. Animal weight (g) TV (mm3, x£ SD) RTV (x* SE) T/C (%) P
Do D, Do D, Do D,

NS iv. 16 16 19.8 25.1 160+ 56 1835+ 1053 11.3+54

ADM 5.5 mg/kg Lv. 8 8 20.8 23.5 160+ 37 937 +£382 59+1.7 52.3 0.008

PNU 25 ng/kg iv. 8 8 20.0 24.4 163182 795 £ 471 54+1.3 41.7 0.002

PNU 50 png/kg iv. 8 8 20.4 24.6 163+32 9891318 6.2+1.8 54.6 0.011

PNU 75 ng/kg iLv. 8 6 20.5 24.5 160142 745+ 239 4.7+1.1 41.9 0.006

Zip-177 tumor fragments (1.5 mm®) were implanted s.c. into right flank by trocar on BALB/cA nude mice. The animals were randomly divided to five groups when the
tumor volume reached 160 mm® and received a single i.v. injection of three doses of PNU 152243, ADM or saline once a week for a period of 3 weeks. Tumor growth was
monitored as described in Materials and methods. Therapeutic effect of drugs was expressed in terms of T/C (%) and the calculation formula: T/C (%) = Trry/Crry X
100%, where Trry was the RTV of the treatment group and Crry was the RTV of the negative control group. Do: day of the start of treatment. D,,: day of the optimal of

treatment, which was the 28th day in the experiments. TV: tumor volume. RTV: relative tumor volume.
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Growth inhibition of PNU 152243 on s.c. human hepatocarcinoma BEL-7402 tumors xenografted in nude mice. BEL-7402 tumor fragments

(1.5 mm®) were implanted s.c. into right flank by trocar on BALB/cA nude mice. The animals were randomly divided to five groups when the tumor
volume reached 500 mm*® and received a single i.v. injection of three doses of PNU 152243, ADM or saline once a week for a period of 3 weeks.
Tumor volume was monitored as described in Materials and methods. Results are expressed as median tumor volumes.

PNU 152243 is a novel doxorubicin analog undergoing
phase 1 and II clinical studies with three unique
biological characteristics distinguishing this compound
from doxorubicin [26-29]. First, in both  vitro and i vivo
studies, PNU 152243 is much more potent than
doxorubicin even against the tumor cells which are
resistant to doxorubicin. Second, as compared with
the topoisomerase II inhibition activity of doxorubicin,
PNU 152243 is an inhibitor of both topoisomerases I
and II. Lastly, PNU 152243 appears to be metabolized by
human microsomal enzymes to a DNA cross-linking
product with enhanced cytotoxicity. PNU 152243 under-
goes hepatic biotransformation by cytochrome P450
(CYP) 3A into more cytotoxic metabolites and an active
metabolite of PNU 152243, which contributes signifi-
cantly to its  vive anticancer activity and host toxicity
[30,31].

HCC also is one of the most common malignancies in
China, and most patients were HBV or/and HCV
infection. Thus, liver transplantation is impossible for
most patients. Although PNU 152243 maintains # vitro
and 2 vivo cytotoxic activity against some human solid
tumors, there were no reports on the anticancer activity
of PNU 152243 on HCC up to now. As illustrated in this
study, PNU 152243 is a potent cytotoxicity in human
HCC cells. In our study, PNU 152243 was 13.7, 10.6,
40.1, 103.8 and 380.8 times more potent than ADM,
EDR, MMC, cisplatin and VP-16 against human HCC i
vitro. In vivo, compared with their LDy, doses, the 1/4
LDjo dose of PNU 152243 (25 pg/kg) possessed the
same anti-HCC activity as the 1/2 LD;y dose of ADM
(5.5 mg/kg). PNU 152243 appears to be less toxic and to
have more anti-cancer activity against HCC i vivo, so it
will be a more suitable and potent chemotherapy drug to
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The growth inhibition of PNU 152243 on s.c. human hepatocarcinoma Zip177 tumors xenografted in nude mice. Zip-177 tumor fragments (1.5 mm®)
were implanted s.c. into right flank by trocar on BALB/cA nude mice. The animals were randomly divided to five groups when the tumor volume
reached 160 mm® and received a single i.v. injection of three doses of PNU 152243, ADM or saline once a week for a period of 4 weeks. Tumor
volume was monitored as described in Materials and methods. Results are expressed as median tumor volumes.

HCC in the future. The preclinical experiments of PNU
152243 were completed and a phase II clinical trial
against HCC is underway in China.
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