<RNE,

;f Kobe University Repository : Kernel

R
4ope

PDF issue: 2026-02-02

E10A, an adenovirus carrying endostatin gene,
dramatically increased the tumor drug
concentration of metronomic chemotherapy with
low—-dose cisplatin in a xenograft mouse model:---

ZAINAL, ADHIM

(Degree)
Bt (BEF)

(Date of Degree)
2012-03-25

(Resource Type)
doctoral thesis

(Report Number)
5412

(URL)
https://hdL.handle.net/20.500. 14094/D1005412

X HAVFT VY RMPFREZOZMERTY. BNER - TEFASZELEY. ZEEETROON TV ZEENT, BIICTRHACEIW,

KOBE
\j].\]\'l:lihl Y
J

%)



(PR ML AR

MM XONERE

E10A, an adenovirus carrying endostatin gene, dramatically increased the tumor
drug concentration of metronomic chemotherapy with low-dose cisplatin in a

xenograft mouse model for head and neck squamous cell carcinoma
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SUMMARY

For almost half a century, systemic therapy for cancer has been dominated by the usc of
cytotoxic chemotherapeutics. Most of these drugs arc DNA-damaging agents or microtubule
inhibitors that arc designed to inhibit or kill rapidly dividing ccils. They arc often administered in
single doscs or short courscs of therapy at the highest doses possible without causing
life-threatening levels of toxicity, using what is termed the ‘maximum tolerated dose’ (MTD).
MTD therapy includes prolonged breaks (generally of 2-3 weeks in duration) between successive
cycles of therapy. However, the progress that has been made in treating certain types of’
malignancy often comes at a high price, given the toxic side effects frequently, and treatment
breaks allow the opportunity for tumor regrowth and acquisition of chemo-resistance. To
minimize these drawbacks, a metronomic strategy, in which chcrﬁolhcrapcutics arc administered
at doscs significantly below the MTD without treatment breaks.  The antitumor cffect of
metronomic chemothcrapy may be partially duc to inhibition of tumor angiogenesis, and it could
be cnhanced by a combination therapy including antiangiogenic agents.

Angiogene-sis plays an important role in the growth, progression, and metastasis of tumors.
Inhibiting the angiogenic process or targeting cxisting tumor vesscls can be used for treatment of
tumors as an altcrnative or in parallel with conventional chemotherapy. Endostatin, a 20-kd
carboxyl-tcrminal fragment of type XVIII cbllagcn, inhibits cndothelial proliferation,
angiogencsis, and tumor growth. Endostatin induces cndothclial cell apoptosis and confers
survival advantage on cancer paticnts, but long-tcrm systemic delivery of rccombinant protcin is
cxpensive, painful experience, and may be insufficient to deliver high concentrations of the
therapeutic molecule into the tumor. Antiangiogenic gene therapy can overcome these problems
and represents a promising new approach for the trcatment of cancer.

Cisplatin, or cis-diammincdichloroplatinum (CDDP), an adduct of platinum, is onc of the
most potent anticancer drugs in clinical usc and shows cfficacy against several common types of
solid tumors. The cytotoxic cffect of cisplatin is thought to be duc to its disruptive cffect on DNA
bascs and the resultant DNA damage which induccs apoptosis in cancer cells. Tt plays a major
rolc in the treatment of a varicty of cancers, including testicular, bladder, ovarian, head and neck,
cervical, lung, and colorectal cancer. Combined trcatments using cisplatin with other drugs has
shown good results in scveral studics. In addition, scveral metronomic chemotherapy regimens

with or without antiangiogenic agents arc currently under investigation in both pre-clinical and



clinical trials.  In the present study, we cvaluated the syncrgistic cffect of E10A in conjunction
with metronomic chemotherapy of weekly low-dose cisplatin in a xenograft mouse model for

head and ncck squamous cell carcinoma.

This study using human hypopharyngcal squamous carcinoma ccll line (H891) and the
recombinant viruses contained the human endostatin following an [L-2 secretable signal, ot LacZ
genes under the control of the cytomegalovirus immediate carly promoter.  Real-time PCR
showed that in the human endostatin gene expression in H891 cells infected with E10A, an
adenovirus carrying the human endostatin gene, increased in proportion to the concentration of
E10A and the time-course at 25 MOL.

The immunohistochemistry clearly demonstrated that endostatin protein was expressed in the
H891 cclls infected with E1I0A. Extensive positive staining was obscrved in the cytoplasm of the
E10A infected cells and indicated that EI0A may be a candidatc for further investigation for local

genc therapy in the human hypopharyngeal cancer cell linc H891.

To investigate the combined cffect of E10A and metronomic low-dose cisplatin, we
cstablished the H891 xenograft tumor model in athymic BALB/c (nu/nu) mice (5 weeks old). The
result showed, after 4 weeks of treatment, the growth of tumors treated with the combined
therapy E10A intratumoral and low doses Cisplatin intrapcritoncal, was significantly more
inhibited than that treated with cither E10A only, cisplatin only, the Ad-LacZ control, or the PBS

control.

We measured the concentration of platinum in tumor tissucs in the combination
(E10A+cisplatin), cisplatin only, and PBS control groups. The combination of E10A and
low-dosc cisplatin significantly incrcascd the intratumoral cisplatin concentration by about 5-fold

more than did the cisplatin only trcatment.

To determinc whether antitumor cffcct of E10A and metronomic low-dosc cisplatin therapy
wasAassociatcd with suppression of angiogenesis, the status of vesscl formation in treated H891
xcnografts was asscssed by immunohistochemistry with endothelial cell-specific CD31 (PECAM)
staining. A high density of microvessels was present in the untrcated H891 tumors, whereas
E10A or mctronomic low-dosc cisplatin trcatment alonc was associated with a significant
reduction in vascularization. With the combined treatment, a complete suppression of tumor
angiogenesis was achicved compared to the E10A only, cisplatin only, and PBS control

trcatments, Evaluation of tumor cell apoptosis by TUNEL Assay showed that number of

staining-positive cclls in the combined (E10A+cisplatin) group was significantly higher than that

in the other groups.

To identify any sidc cffects of cither low-dose metronomic chemotherapy with cisplatin only,
E10A, or the combined therapy, we monitored weight loss and changes in behavior and feeding
patterns.  In the prcscht study, no serious adverse cffects, including weight loss, cachexia,
anorexia, behavior change, or toxic death were observed in any trcatment group.  Furthermore,

no pathologic changes in the liver, spleen, or kidney were found via pathologic cxamination.

Unlike dosc-dense chemotherapy, the main targets of which are presumed to be proliferating
tumor cclls, the main targets of metronomic low-dose chemotherapy arc the endothelial cells of
the growing vasculature of the tumor. In the present study, cisplatin or E10A alone could reduced
the blood vesscl density of tumors, however the combined treatment suppressed the tumor
angiogencsis significantly more than did trecatment with E1T0A or cisplatin alonc. The aberrant
structurc and function of tumor neovesscls result in a microcnvironment within solid tumors that
is characterized by elevated interstitial fluid pressure, incfficicnt tumor perfusion, and significant
arcas of hypoxia and acidosis. These factors contribute to poor intratumoral drug delivery and
activity, and, in part, to thc development of resistance to cytotoxic therapics. Thus, the inhibitory
effect of tumor vascularization of the present combined therapy could improve the intratumoral
drug-delivery of cisplatin, It is noteworthy that our plasma-mass spcctrometry assay revealed that
the combined therapy increased the intratumoral concentration of cisplatin to 5-fold higher than

that achicved by the cisplatin only trcatment.

Another advantage of metronomic chemotherapy is the possibility of combining it with
anti-angiogenic drugs. Onc of the proposcd benefits of combining imctronomic chemotherapy
with anti-angiogenic therapices is a reduction of side cffects and improved quality of life. As it is
likely that chemotherapy will continuc to be the mainstay of systemic cancer therapy for many
years to come, designing more cffective ways of administering and combining such drugs with

the newest gencration of molecularly targeted drugs will become important.

Endostatin gence therapy using E10A, a replication-deficient recombinant adenovirus
containing a wild-type of the human endostatin genc, could dircetly express the highly bioactive
protein in vive by means of the cukaryotic cxpression system, and post-translational modification
and long-term storage could overcome the need for the cumbersome daily administration of

endostatin protein. The antiangiogenic cffect of endostatin.gene therapy with E10A, and the



dircct and indircct antitumor activity of metronomic low-dose cisplatin, offer an additive cffect

for tumor suppression

The combination of E10A with cisplatin could strongly inhibit thc tumor vascularization and
consequently increasc the intratumoral concentration of cisplatin. Furthermore, we found
significantly more apoptotic cclls in the combined treatment tumors than in those exposed to the
other treatments. Clearly, the inhibition of tumor vascularization should decrease the supply of
oxygen and nutrients to tumor cells, as well as decreasing the perfusion and vascular permeability,
Icading to apoptosis of the tumor cclls. Further, cach of these putative mechanisms would tend to

reinforce the cfficacy of cisplatin,

When cisplatin was first approved for commercial use in 1978, the major reported toxicitics
were scvere nausca and vomiting and a high incidence of renal dysfunction. At prescnt, the
conventional dosing schedulce is designed to balance the toxicity and cfficacy, but severe side
cffects and refractory treatment failures remain obstaclces to the administration of this and most
other chemotherapics. Thus, novel approaches are definitely required to achicve a high
therapeutic response rate and to attenuate the severity of side effects.  Further, this pre-clinical
study of thc combincd therapy employing showed no scrious general toxicity or specific toxicity
cvident via histopathological analysis of key organ tissucs in the present mouse model. These

findings arc cncouraging for the clinical application of this combined therapy.

In conclusion, our results suggest that thc combination of antiangiogenic gene therapy with
mctronomic low-dosc chemotherapy is more cffective in suppressing tumor growth in mice than
cithcr approach alone, with no cvidence of obvious toxicity. The mechanism may variously
involve the suppression of tumor angiogencsis, increased intratumoral concentration of
chemotherapeutics,  and increased induction of apoptosis. The results of this study using the
H&91, HNSCC tumor model suggest that thc combined therapy for the trcatment of HNSCC

warrants {urther clinical investigation,
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Dissertation

E10A, an adenovirus carrying endostatin genc, dramatically increased the
tumor drug concentration of metronomic chemotherapy with low-dose
cisplatin in a xenograft mouse model for head and neck squamous cell

carcinoma.
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