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KRN5500 is a highly active new semi-synthetic water-insoluble anticancer agent. The only mecha-
nism of anticancer activity of KRN5500 described so far is an inhibitory effect on protein synthesis.
At the time of writing, a phase I clinical trial is under way at the National Cancer Center Hospital,
Tokyo, and at the National Cancer Institute in the USA. Although preclinical data did not indicate
lung toxicity, some cases of severe pulmonary disorder were reported in the phase I clinical trials.
This study has been conducted to examine whether incorporation of KRN5500 into polymeric
micelles (KRN/m) could reduce the toxic effects caused by the current formulation of KRN5500.
The in vitro and in vivo antitumor activities of KRN5500 and KRN/m were compared. Pulmonary
toxicity of KRN5500 and KRN/m was studied using a bleomycin (BLM)-induced lung injury
rat model. In BLM-rats, extensive pulmonary hemorrhage with diapedesis was observed with
KRN5500 i.v. bolus injection at the dose of 3 mg/kg, which is equivalent to 21.0 mg/m2 (level 5) of
the Japanese phase I trial. However, toxicity was not observed when rats were administered KRN/
m at the equivalent dose to KRN5500 in potency. Electron microscopy of the lung treated with
KRN5500 showed disruption of the alveolar type II membrane with release of lamellar debris.
Furthermore, in vivo, KRN/m showed similar antitumor activity to KRN5500. These results
indicate that KRN/m may be useful for reducing the pulmonary toxicity associated with the current
formulation of KRN5500, while fully maintaining its antitumor activity.
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KRN5500, 6-[4-deoxy-4(2E,4E)-tetradecadienoylglycyl]
amino-L-glycero-β-L-mannoheptopyranosyl]amino-9H-
purine, is a spicamycin analogue derived from Strepto-
myces alanosinicus. KRN5500 was demonstrated to be
highly active in a number of experimental solid tumors,
including stomach, esophageal and colon cancer.1)

KRN5500 itself has, however, only minor effects on pro-
tein synthesis in reticulocyte lysates. A metabolite, 4-N-
glycylspicamycin aminonucleoside (SAN-Gly), which has
no fatty acid chain and is thought to be generated through
metabolism of KRN5500 by a cytosomal enzyme, exhib-
ited a marked inhibitory effect on protein synthesis in a
cell-free system. On the other hand, SAN-Gly showed
1000-fold weaker cytotoxicity than KRN5500 in vitro
because it does not cross cellular membranes as easily as
KRN5500. These findings indicate that the intracellular
conversion of KRN5500 to SAN-Gly may be responsible
for the potent antitumor activity.2, 3) Because of the fatty

acid chain, KRN5500 is water-insoluble and must be dis-
solved in organic solvents and chemicals for intravenous
injection.

Currently, phase I clinical trials of KRN5500 are ongo-
ing at the National Cancer Center Hospital in Tokyo and
the National Cancer Institute in the USA. Their protocols
define that the drug must be injected into a central vein in
order to minimize vasculitis, probably caused by the
organic solvents and chemicals essential for its dissolution.
The toxicity profile of the drug has been partially dis-
closed at scientific meetings.4, 5) In addition to nausea,
vomiting, diarrhea, fatigue, transaminitis, hyperbilirubine-
mia and prolongation of coagulation time, grade 4 pulmo-
nary disorder and interstitial pneumonitis, including one
death, were reported.4, 5) Meanwhile, we have successfully
developed KRN5500-containing polymeric micelles
(KRN/m).6) Although KRN/m possesses similar antitumor
activity to KRN5500 in vitro, as well as in vivo, the vascu-
lar damage with fibrin clot observed after KRN5500 i.v.
injection was not seen when KRN/m was administered
i.v.7) Therefore, we expect that KRN/m would be superior
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to KRN5500 for clinical use in the future. In the present
study, we examined the anitumor activity and the toxic
effects of KRN/m in vitro and in vivo in a rat model in
comparison with KRN5500. We paid particular attention
to the pulmonary toxicity of KRN/m compared with that
of KRN5500 in both bleomycin (BLM)-rat models.

MATERIALS AND METHODS

Chemicals  KRN5500 (KRN5500; its chemical structure
is shown in Fig. 1A) was kindly supplied by Kirin Brew-
ery Co., Ltd. Also, several organic solutions and chemicals
used to dissolve KRN5500 were a gift from the company.
Organic solvents used for dissolving KRN5500 consisted
of 3.3% N,N-dimethylacetamide, 3% Polysorbate 80, and
0.45% ethanolamine in 0.9% saline for in vivo tests. Bleo-
mycin (BLM) hydrochloride was purchased from Nihon
Kayaku Co., Ltd. Other chemicals were of reagent grade
and were used as purchased.
Incorporation of KRN5500 into micelles  As shown in
Fig. 1B, KRN5500 was incorporated into polymeric
micelles formed from poly(ethylene glycol)-poly(β-benzyl
L-aspartate-co-β-centyl L-aspartate) block coplymer (PEG-
P(BLA, C16)) by physical entrapment utilizing hydropho-
bic interactions between the drug and the poly(amino acid)
chain of the block copolymers, as reported previously by
Yokoyama et al.6) (Fig. 1B).
In vitro cytotoxicity  Colonic cancer cell lines (Colon
26, Widr), gastric cancer cell lines (MKN-45, MKN-74),
breast cancer cell line (MCF-7), bladder cancer cell line
(RT-112) and lung cancer cell lines (A549, EBC-1, PC-14,
SBC-3) were used in this study. All the cell lines were
maintained in monolayer cultures in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine
serum in a humidified atmosphere containing 5% CO2 at
37°C. For cytotoxicity analysis, the 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay
was used. Ten thousand cells of each cell line in 198 µl of
culture medium were plated in 96-well plates 24 h prior to
drug treatment. Then 2 µl of various doses of free
KRN5500 or KRN/m was added. Cells were exposed to
the indicated drug concentration in triplicate for 24 h, 48 h
or 72 h. Three measurements were taken at every point,
and the mean of these was taken to be the value for that
measurement time.
Mouse experiments
In vivo antitumor activity: Antitumor activity was evalu-
ated against the human gastric cancer cell line MKN-45
grown in nude mice. BALB/c nu /nu female mice (6
weeks old) were inoculated subcutaneously (s.c.) on the
abdominal skin with a half million MKN-45 tumor cells.
Four days later, when the tumor length reached approxi-
mately 3 mm, the tumor-bearing mice were allocated ran-
domly to drug treatment groups of 5 animals each.

Fig. 1. Chemical structure of spicamycin analogue KRN5500,
6-[4-deoxy-4(2E,4E)-tetradecadienoylglycyl]amino-L-glycero-β-
L-mannoheptopyranosyl]amino-9H-purine, and the method of
incorporating KRN5500 into polymeric micelles are shown. A.
The fatty acid chain of KRN5500 is pivotal for drug internaliza-
tion into cancer cells. 4-N-Glycylspicamycin (SAN-Gly), which
has no fatty acid and is obtained after metabolism of KRN5500
by a cytosomal enzyme, exhibited a marked inhibitory effect on
protein synthesis in the cell-free system. Nevertheless, SAN-Gly
showed 1000-fold weaker cytotoxicity than KRN5500 in vitro
because of poor intracellular incorporation of SAN-Gly. Since
KRN5500 is highly water-insoluble, a mixture of organic sol-
vents and chemicals must be used to dissolve the drug for injec-
tion. B. An AB-block copolymer, PEG-P (BLA, C-16), was
dissolved in dimethyl sulfoxide (DMSO) and mixed with
KRN5500 in DMSO. The mixture was stirred at room tempera-
ture for 10 min, and then dialyzed against distilled water for at
least 5 h using a cellulose membrane. Sonication was then car-
ried out to obtain uniformly sized micelle particles (approximate
size, 70 mm).  drug,  hydrophilic segment,  hydropho-
bic segment.
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Treatment groups were as follows: free KRN5500 at a
dosage level of 5 mg/kg; KRN/m at an equivalent dose of
KRN5500; saline as a control. Drugs in a volume of 0.1
ml were injected as a single dose into a tail vein on day 6
after tumor inoculation. The antitumor effect was evalu-
ated by measuring 2 orthogonal diameters of the tumor
(a×b: a, long diameter; b, short diameter) at various times.
Relative tumor growth rates were compared across these 3
treatments, including the control and across time, as repre-
sented by these 6 measurements (days 2, 6, 9, 13, 16, 20),
using repeated measure two-way ANOVA.
Evaluation of systemic side effects by measurement of
body weight changes in mice: Adverse effects were also
determined by measurement of body weight changes in
nude mice after drug treatment. Animals and methods are
described above. Body weight was measured when tumor
size was measured.
Rat experiment: Lung toxicity in rats with BLM-
induced lung injury  We designed a model for pulmonary
fibrosis in rats by intratracheal instillation of BLM. The
model has been shown to be similar histopathologically to
the pulmonary fibrotic changes in humans.8, 9)

Male Sprague-Dawley rats (8 weeks old, 250 g) were
used in this study. Animals were intratracheally instilled
with 1 mg of BLM hydrochloride diluted in a volume of
0.1 ml of sterile saline under ether anesthesia. On day 7
after BLM instillation, rats were allocated randomly to
drug injection groups of 3 animals each, and rats were
given each drug as a single dose into a tail vein by bolus

injection. Injection groups were as follows: KRN5500 3
mg/kg (0.1 mg/ml at a volume of 7.5 ml); KRN5500 1
mg/kg (0.1 mg/ml at a volume of 2.5 ml); KRN/m 3 mg/
kg (at equivalent dose of KRN5500); KRN/m 1 mg/kg
(the equivalent dose to that of KRN5500); saline as a con-
trol. The 3 mg/kg injection of KRN5500 was compatible
with that of 21.0 mg/m2 (level 5) of the Japanese clinical
trials.

Two toxic deaths out of 3 animals occurred immediately
after the drug injection in the KRN5500 treatment group at
3 mg/kg. The surviving rats received the designated dose
daily for another 2 days.

One day after the last i.v. injection of each drug, the sur-
viving rats were sacrificed under ether anesthesia and the
lungs were collected. Resected lungs were immersed in
10% formalin solution. Paraffin-embedded sections were
stained with hematoxylin and eosin and examined by
microscopy. The morphologic changes after KRN5500
treatment were examined by electron microscopy.
Statistical methods  In vivo data from the mouse experi-
ment were compared across groups by using ANOVA.
P values of 0.05 or less were considered statistically
significant.

RESULTS

In vitro cytotoxicity  IC50 values for KRN5500 and KRN/
m against various cancer cell lines exposed at the indi-
cated drug concentrations in triplicate for 24 h, 48 h, or 72

Table I. IC50 Value (µM) of KRN5500 and KRN/m in Various Cell Lines

Exposure time

24 h 48 h 72 h

KRN5500 KRN/m KRN5500 KRN/m KRN5500 KRN/m

Lung cancer
A549 >3.0 >3.0 >3.0 >3.0 0.061 0.084
EBC-1 >3.0 >3.0 >3.0 >3.0 0.082 0.11
PC-14 >3.0 >3.0 >3.0 >3.0 0.23 0.367
SBC-3 >3.0 >3.0 >3.0 >3.0 0.079 0.087

Gastric cancer
MKN-45 >3.0 >3.0 0.037 0.042 0.019 0.018
MKN-74 >3.0 >3.0 >3.0 >3.0 1.67 1.95

Colonic cancer
Colon 26 >3.0 >3.0 >3.0 >3.0 0.47 0.60
Widr >3.0 >3.0 >3.0 >3.0 0.11 0.13

Breast cancer
MCF-7 >3.0 >3.0 >3.0 >3.0 1.67 1.07

Bladder cancer
RT-112 4.4 1.8 0.38 0.44 0.047 0.064

Each cell line was treated in triplicate for 24 h, 48 h, and 72 h.
MTT assay was used for obtaining IC50 value.
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h are shown in Table I. There was no remarkable differ-
ence between the IC50 values of KRN5500 and KRN/m at
any exposure time.
Mouse experiments
In vivo antitumor activity: The relative tumor growth rate
in each treatment group after injection of each drug is
shown in Fig. 2A. Both KRN5500 and KRN/m exerted
significant anticancer activity in vivo (F=6.4, P=0.013).
Comparison of relative tumor growth rates after KRN5500
and KRN/m revealed no significant difference (F=0.12,
P=0.74). Comparison of relative tumor growth rates after
KRN/m injection and in the control revealed potent inhi-
bition of tumor growth by KRN/m (F=16.1, P=0.004).
Overall, these results show that KRN5500 maintains suffi-
cient antitumor activity after the incorporation of the drug
into micelles.
Adverse effects in terms of body weight changes in mice:
Fig. 2B shows the body weight changes in tumor-bearing
mice after i.v. injection of each drug. Mean body weight in
the KRN5500 treatment group decreased significantly com-
pared to the KRN/m (F=7.0, P=0.03) and control groups
(F=6.4, P=0.03). The body weight loss of mice treated
with KRN/m was no greater than that of mice treated
with saline (F=0.01, P=0.92). Overall, these results
show that KRN/m had far less toxicity than KRN5500.
Rat experiments: Pulmonary toxicity of each drug in
rats with BLM-induced lung injury  KRN5500-injected
rats at a dosage level of 3 mg/kg demonstrated extensive
pulmonary pathological changes with widespread hemor-
rhage (Fig. 3A). At a KRN5500 dosage level of 1 mg/kg,
focal hemorrhage was observed (Fig. 3B). On the other
hand, no such pulmonary pathological changes occurred

with KRN/m (Fig. 3C) at either dosage level, and the
lungs resembled those in the control group (Fig. 3D).
Electron microscopy (EM) showed that alveolar type II
cells, which help prevent the development of pulmonary
fibrosis, were swollen and contained extensive “lamellar”
inclusions within the cytoplasm 7 days following BLM
instillation. On the day after KRN5500 injection at the
dosage level of 1 mg/kg, EM exhibited more extensive
swelling and disruption of the alveolar type II cell mem-
brane with release of lamellar debris (Fig. 3, E and F).

DISCUSSION

Following the development of liposomes, it was pro-
posed by Ringsdorf et al.10) that AB block copolymer-drug
conjugates, composed of hydrophilic and hydrophobic
components, might form micelle structures in aqueous
media owing to this amphiphilic characteristic. Then the
utility of polymeric micelles in cancer chemotherapy was
demonstrated in the form of adriamycin (ADR)-incorpo-
rated polymeric micelles (ADR/m) by Yokoyama et
al.11, 12) ADR/m decreased the toxicity of ADR signifi-
cantly in terms of body weight change and still expressed
superior in vivo antitumor activity against several solid
tumors, due to the EPR effect, in comparison with free
ADR. Cisplatin (CDDP)-incorporating polymeric micelles
(CDDP/m) have also been developed, in which platinum
atoms of CDDP are linked to aspartic acid residues of
copolymers by means of a ligand substitution reaction.13, 14)

KRN5500, which was examined in this study, possesses
a unique chemical structure and cytotoxic mechanism.15)

Lee et al. reported that CDDP-resistant human lung cancer
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Fig. 2. A. Changes in relative tumor (MKN-45) size on the abdominal skin in nude mice after treatment with KRN5500 or KRN/m.
Relative tumor growth rate of each treatment group, KRN5500 at 5 mg/kg ( ), KRN/m ( ) in an amount equivalent to that of
KRN5500, or saline ( ) was given by a single i.v. injection starting on day 4 after tumor inoculation. Points, mean values; bars, ±SE.
B. Toxicities of KRN5500 (5 mg/kg) ( ), KRN/m (5 mg/kg) ( ), and saline ( ) were evaluated by measuring body weight
changes. The data were from the same mice used in the treatment experiment. Mice were weighed on days 2, 6, 9, 13, 16, 20, and 21
after treatment.
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cells showed higher sensitivity to KRN5500 as compared
with sensitive cells.16) To explain this, Takara et al. dem-
onstrated that KRN5500 was hardly transported via P-gly-

coprotein (P-gp). Therefore, KRN5500 may be useful even
for the treatment of tumor cells exhibiting P-gp-associated
MDR.17)

A B

C D

E F

Fig. 3. On day 7 after BLM instillation, rats were allocated randomly to drug injection groups of 3 animals each, and rats were given
each drug daily 3 times by bolus injection into a tail vein. The histological appearance of lungs in rats was evaluated by hematoxylin
and eosin (HE) staining. The histological appearance was as follows: (A) KRN5500 at 3 mg/kg (×100), extensive and widespread intra-
alveolar hemorrhage was found. (B) KRN5500 1 mg/kg (×100), focal hemorrhage was observed. (C) KRN/m 3 mg/kg (×100), little
hemorrhage was seen. (D) Saline as a control (×100). Electron microscopy showed morphologic alveolar type II cell changes after i.v.
administration of KRN5500 at 3 mg/kg or saline as a control. (E) Control, alveolar type II cells contained more lamellar structure (thick
arrow). (F) KRN5500 at 3 mg/kg, alveolar type II cells showed much vacuolar degeneration (thin arrow) and several disruptions of the
alveolar type II cell membrane with release of lamellar debris (thick arrow).
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Very recently, we have successfully developed KRN/m
and reported that KRN/m has several advantages com-
pared with KRN5500.7) For example, the vascular damage
at the injection site and liver focal necrosis in mice
observed following KRN5500 i.v. injection were not seen
when KRN/m was administered i.v., and KRN/m retained
the potent antitumor activity of KRN5500. The previous
findings indicated that the organic solvents and chemicals
used to solubilize KRN5500 were implicated in these
adverse effects, although the precise mechanism of the
vascular damage is not clear at the moment.

The present comparative study of pulmonary toxicity of
KRN5500 and KRN/m using the BLM-rat model revealed
that KRN5500 induced pulmonary hemorrhage, but KRN/
m did not. The KRN5500 dose used in this experiment
was comparable with the maximum level of the Japanese
phase I trial. The pulmonary fibrotic damage in humans
with chronic lung disease seems to be pathologically very
similar to BLM-induced lung injury in rats. Therefore, we
would suggest that the lethal lung toxicity that occurred in
patients with insufficient lung function could have been
caused by KRN5500 and its organic solvents or chemicals,
and that extreme caution must be taken in the administra-
tion of KRN5500 in patients with abnormal lung function
in the clinical trials of KRN5500.

In the BLM-induced lung injury rat model, two of three
rats died immediately after 3 mg/kg i.v. injection of
KRN5500, but not KRN/m. This occurred when 3 mg/kg
KRN5500 was injected 7 days after BLM instillation. No

rat died when 3 mg/kg KRN5500 was administered i.v.
one day after BLM instillation (data not shown). Namely
death had occurred at the time when fibrosis was estab-
lished in the rat lung, suggesting that acute bleeding in the
rat lung was a cause. It is not clear whether KRN5500
itself, or one of the organic solvents and chemicals used to
dissolve the drug, was responsible. Further studies are in
progress.

Analysis of relative body weight change in the mice
treated with KRN5500 or KRN/m indicated that the toxic
effect of KRN5500 may be overcome by incorporating
KRN5500 into polymeric micelles.

In conclusion, the present study demonstrates that
KRN/m is superior to KRN5500 because the toxicity was
reduced and the potent antitumor activity of KRN5500
was retained after the incorporation of KRN5500 into
micelles. We think that these results justify a clinical phase
I trial of KRN/m.
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