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Comparison Between In Situ Hybridization and Real-time
PCR Technique as a Means of Detecting the Integrated
Form of Human Papillomavirus 16 in Cervical Neoplasia
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Abstract: Intcgration of (he human papillomavirus (HPV) genome
is thought w be onc of the causes of cancer progression. However,
there 1s controversy concerning the physical statas of HPV 16 in
premalipnant cervical lesions, and there have been no reports on (he
concordance between detection of the integrated form of 1PV16 by
real-time PCR and by m sim hybridization. We investigated
specimens of cervical mtraepithelial neoplasia (CIN) and invasive
carcinuas for the physical status of HPV 16 by rcal-time PCR and in
stiu hybridization. The presence of the integrated form was detected
by both real-time PCR and in sty hybnidization in zero of four cascs
of CINT. three of six cases of CIN2. ninc of 27 cases of CIN3, and
two of six cases of mvasive carcinomas. Integrated HPY 16 was present
i some premalignant lesions but was not ahvays present in carcinomas.
The concordance rate between the two methods for the detecvion of
the presence of the mtegrated form was 37 of 43 (#6%) cases. Real-
umce PCR and m situ hybridization were found o be complementary
and convenicrt techmgues for determining the physical status of the
HPV genome. We conclude that a combination of both methods is
& more reliable means of agsessing the physical status of the HPV
genome in cervical neoplasia.
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H urian papillomavirus (1HHPV) DNA is found in more than
Y% of cervical carcinomas,' and HPV16 has been
reported to be the dominant rype of HPV in cervical carcinomas.
Detection of PV 16 is proportional to the degree of cervical
neoplasia: 1TPVI6 has been detected in 15% of cervical
mtracpithelial neoplasia (CIN) 1, 30% of CIN2, and 30% of
C'IN3 and invasive carcinomas.™ Integration of the PV ge-
nome is thought to be one of the causes of cancer progression.
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Viral DNA that has been integrated into the host genome
disrupts some carly genes, such as the £ and £2 open reading
frames (ORF«s), whereas the E6 and E7 ORFs remain intact. E6
protemn binds to and degrades the tumor suppressor P53 protein
via ubiquitin pathways.* E7 protcin binds to the tumeor sup-
pressor Rb protein followed by E2F, transcriptional factor,
compelled the cell-cycle ratation.” Miinger reported that E7
protein is capable of causing aneuploidy in stratified squamous
cells.® E7 protein plays an important role in the onset of
dysplastic change, and the level of the expression of E7 protein
may depend on the physical status of the HPV genome in cells.
In an in vitro study, Lambert found that the integration of
HPV16 results in an increase in E7 transcripts in cultured
cells.” Thus, it is very important to determing the status of HPV 16
genome in cervical neoplasia to clucidate the mechanisms of
cervical cancer. In a study by real-time PCR, Peitsaro showed
that intcgration had occurred in 23 of 24 premalignant Icsions
in patients with 1PV 16 infection.® By contrast, Southern blot
analysis has shown that some cervical cancers contain the
episomal form,™!" and thus there is still controversy concering
the physical status of the 1IPV16 genome in premalignant
lesions and carcinomas of the cervix.!'™'* We realize that
Southern blot analysis is the most reliable method of deter-
mining whether the integrated form is present in a gpecimen,
but this analysis was not used in this study because only very
small specimens were harvested from the premalignant lesions.
By contrast, real-time PCR and in situ hybridization technique
have been reported o be useful for investigating the physical
status of the HPV genome in premalignant and cancerous
specimens.™"*" The question then arises as to the validity and
concordance of real-time PCR and in situ hybridization. The
purpose of this study was to assess the physical status of the
HPV genome and to determine the degree of agreement
between the results obtained by these two methods,

MATERIALS AND METHODS

Specimen and Sample Preparation

Paticnts diagnosed with cervical neoplasia on the basis
of the results of biopsics performed during colposcopy at Keia
University Tlospital. in Tokyo, Japan, between October 2000
and April 2001 were ewrolled in the study. Exfoliated cells into
ThinPrep vials were collected with 4 broom device (Cervex
Brush; Unimar, Wilton) just before colposcopy and then stored
at ambicnt temperature. (o be used for the HPV-DNA analysis
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FIGURE 1. Control experiment using real-time quantitative
PCR with the LightCycler system: the PCRE67 plasmid was
mixed with a PK114/K plasmid to prepare a mixture of HPV 16
DNA. The PK114/K plasmid was replaced by an equivalent
copy number of the PCRE67 plasmid in increments of 20%.
DNA solutions cortaining episomal DNA (PK114/K exclu-
sively), integrated DNA (pCRE67 exclusively), and a mixture
form of HPV 16 DNA (20%-80% integrated) were prepared.
The E2 and E6 copy number was quantitatively determined
6 times by real-time PCR assay, and the ratio of the E2 copy
number to E6 copy number was calculated for each DNA
solution. The cutoff value to distinguish the mixed form from
the pure episomal form was set at 0.79. Details of calculation

are described in the text.

FIGURE 2. Case 3325, representative
of the diffuse pattern: hematoxylin
and easin-stained section (A, X 20; B,
x40). In situ hybridization with the
ditfuse pattern (D) with the HPV16
probe (C, X20; D, x40),
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within 12 months of collection. To perform the analysis,
approximately 10 mL of preserved fluid from ThinPrep vials
was centrifuged at 3000 rpm for 30 minutes, and after
washing the pellet once in phosphate-buffered saline, genomic
DNA was extracted with proteinase K and phenol-chloroform.
The quality and quantity of the extracted genomic DNA were
monitored by cthidium-bromide— stained agarosc gel clectro-
phoresis. HPV DNA was identified by PCR analysis with
conscnsus primer pairs designed to amplify an approximately
250-bp segment of HPV DNA.M Thesc conscnsus primer pairs
target the HPV L1 ORF and deteet a broad range of genital
IIPVs. HPV typing and sequencing analysis were performed
in all PCR-positive cases.”

Real-Time PCR

To generatc a pCR-TOPO E6/E7 plasmid (designated
PCREGT plasmid) which contains the E6 gene and E7 genc,
a PK114/K plasmid containing a variant HPV 16 genome, was
amplified by PCR and introduced into the cloning site (Invitrogen,
San Diego, CA). The primers for PCR amplification were as
follows; E6/ETF, 5§ -ATGTTTCAGGACCCACAGGAG-3'
(104-124) and EG/ETR, 5'-GGTAGATTATGGTTTCTGA-
GA-3" (§44-864). The PK114/K plasinid coptains one copy cach
of the E2 and E6 ORFs, whereas the PCRE67 plasmid carried
the centire E6 ORF but lacked the E2 ORFE The PCREG7
plasmid was mixed with the PK114/K to prepare a mixture of
the cpisomal form and the integrated form of HPV 16 DNA. The
PK114/K was replaced by an equivalent copy number of the
PCRE67 plasmid in increments of 20% to prepare DNA so-
lutions containing (he cpisomal form of T[IPVI6 DNA
(PK1H4/K exclusively), the integrated form of 1IPVI6 DNA
(PCREGT exclusively), and both forms of TIPV 16 DNA (20%-
80% integrated form). The E2 and E6 copy numbers were
quantitatively determined six times by real-time PCR. and the
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FIGURE 3. Case 613, representative of
the spot pattern: hematoxylin and
eosin-stained section (A, x20; B,
X 40). In situ hybridization with the
spot pattern (S) with the HPV16 probe
(C, xX20; D, x40).

ratio of the E2 copy number to thc E6 copy number was
calculated for each DNA solution. Differences in ratio between
the cpisomal form and other forms (pure integrated and mixed
forms) were analyzed by the unpaired 7 test. Probability values

TABLE 1. Concordance Between the Physical Status of the
HPV Genome According ta the Results of Real-time PCR and
In Situ Hybridization

ISH
PCR D DS S Absence  Total

CINT Integration pattern

Presence 0 0 0 0 0

Abhsence t 4 0 3 4
CIN R integration pattern

Presence 0 2 i 1* 4

Absence 2 0 0 4] 2
CIN 0T Integration patiern

Presence 3* 3 6 ¢] 12

Absence N 0 2* 8 IN]
MIC Integration pattern

Presence 0 0 } 0 |

Absence 1 0 0 2 3
SO Integration pattern

Presence Q 0 f 0 |

Absence 0 0 [} { |
Totul 43

*Indicutes discrepancivs between the two nicthods

MIt, inicromasive carcinemas, SCC. syuamious cell cacmoniis,

It shadow kox represents e concordance between the results of the nwy cthods
far the presence of the mieyrated Jorm
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less than 0.01 were considered statistically significant. Real-
time PCR was performed with the LightCycler (Roche Diag-
nostics. (Germany) system. PCR for the TIPV-16 E2 gene was
performed with 2 pl. of master mix (LightCycler FastStart
DNA Master Iybridization Probes, Roche Diagnostics)
containing buffer, dATP, dCTP. dGTP dUTP. Taq polymerase,
3 mmol/L MgCl,, 0.2 wmol/L probe (Nihon Gene Rescarch
I.ahoratorics, Japan), 0.6 wmol/L forward primer, 0.5 paol/].
reverse primer (Nihon Gene Rescarch Laboratories Inc,
Japan), a template DNA, and water added to a final volume
of 20 wL. PCR for the HPV-16 E6 gene was performed with
2 pbL of master mix (LightCycler FastStart DNA Master
Hybridization Probes, Roche Diagnostics) containing buffer,
dATP, dCTP, dGTP, dUTP, Taq polymerase, 4 mmol/T. MgCl,,
0.2 pnsol/L probe (Nihon Gene Research Laboratorics, Japan),
(.5 wmol/L of each primer (Nihon (Gene Rescarch Labora-
tories Inc, Japan). a template DNA, and water added to a final
volume of 20 wl. The PCR cycle for the E2 and E6 gene
included denaturation at 95°C for 10 scconds. anncaling and
extension 60°C for 25 scconds. and cooling at 40°C for 30
seconds, followed by 45 cycles of amplification. The primers
used for PCR of the E2 gene were as follows: forward, 5'-
TGTGTTTAGCAGCAACGAAG-3' (3349-3368) and reverse,
5 -GCTGGATAGTCGTCTGTGTT-3' (3454-3473).  The
probe was FAM-5" CAAGGCGACGGCTTTGGTATGGGTC-
3'-TAMRA (3418-3442). The primers used for PCR of the
E6 gene were as follows: forward, 5 -CGACCCAGAAAGT
TACCA-3' (125-142) and reverse, 5 -AGCAAAGTCATATA-
CCTCACG-3' (220-241). The probe used was FAM-5" TTAT-
GCACAGAGCTGCAAACAACTATACATGA-3 -TAMRA
(146-177). Two standard curves were obtained by amplification
of dilution series of 107 to 107 copics of the PK114/k plasmid.
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FIGURE 4. Case 91, representative of
the diffuse and spot pattern: hema-
toxylin and eosin-stained section (A,
x20; B, x40). In situ hybridization
with the diffuse and spot pattem (DS)
with the HPV16 probe (C, x20; D,
X40).

in Situ Hybridization

In situ hyhridization was carned out with the GenPoint
kit catalyzed signal amplification system (Dako Cytomation,
Kyoto. Japan) as described in the instruction manual. Briefly,
formalin-fixed, paraffin-embedded tissue slides were deparaffi-
nized. pretreated with Target Retrieval Solution at 95°C tor 40
minutes, and then exposed to proteinase K diluted 1:6,000 to
1:10,000 at roon: temperature for 10 minutes. The tissuc slides
were then soaked in 0.3% hydrogen peroxide in methanal al
room temperature for 20 minutes, dehydrated through a graded
alcohol scries, and air dricd. The biotin-labeled HPV 16 probe
was then applicd to the tissuc shides. After denaturing at 95°C
for § minutes and hybridization at 37°C avernight, the tissue
slides were washed in Stringent Wash Solution at 45°C or
55°C for 20 minutes and rinsed in Tris buffered saline with
Tween 20 (TBST). The tissue slides were then incubated with
1:100 diluted horseradish peroxidase-conjugated streptavidin
at room temperature for 15 minutes. After rinsmg with TBST
three times, the slides were incubaled with biotinyl tyramine at
rooin (emperature for 15 minutes, and afier washing the slides
with TBST three times. they were incubated with horseradish
peroxidase-conjugated streptavidin at room temperature for 15
minutes and washed three times in TBST. For signal develop-
ment, 3, 3" -diaminobenziding tetrahydrochloride was used as
the substrate, and positive signals were detected in the fonm of
a brown color under a light microscope. The sections were
weakly counterstained with hematoxylin, The signal types
were assessed as described previously. ™4 Diffuse (D) signals,
defined as diffuse positivity throughout the nuclei, were
reported as the episomal form, Spot (S) signals localized in the
nuclei, as the integrated form, and both diffuse and spot (DS)
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signals as a combination of thc cpisomal form and the
inteprated form.

RESULTS

The Presence of the Integrated Form by
Real-Time PCR

We examined 3,000 specimens of exfoliated cervical
cells obtained from cervical cancer screening and investigated
the 43 specimens in which HPV 16 had already been identified
by PCR followed by dircct sequencing.” It is possible to
investipate whether the integrated fonm is present or not by
comparing the E2/E6 ratios by real-time PCR. In other words,
if only the episomal forin were present, the E2/E6 ratios would
be almost the same, and if only the integrated form were
present, the E2/E6 ratios would be very low. If the integrated
form and episomal form were mixed, the E2/E6 ratios would
be intermediate botween the values for the pure episomal form
and the integrated form. We therefore conducted the analysis
in the assessment by real-time PCR in our study to determine
whether the integrated form was present by examining the
E2/E6 ratios. We sel the cutoff value to distinguish the mixed
cpisormal and integrated form from the pure episomal form was
sct ar 0.79. The basis for setting the cutoff value at (.79 is that
we measured the E2/E6 ratio six times in a control experiment,
and when we computed the mean and standard deviation and
then calculated the 99% confidence interval, we obtained an
interval of 0.79 to 1.61. Thus, if the E2/E6 ratio were less than
0.79. the chance ofbeing the pure episomal form would be less
than 1%, namcly, intcgrated HPVI6 DNA wus therefore

© 2005 Lippincott Williums & Wilking
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considered to be present when the E2/E6 copy number ratio
was below 0.79 (Fig. 1). Integrated DNA was found to be
present in none of the four CINT cases, four of the six (66%)
CIN2 cases, and 12 of the 27(44%) CIN3 cases. There were no
significant diffcrences between the CIN2 and CIN3 cases in
percentage of positive cases, suggesting that integration may
oceur in the stage of CTN2. We also investigated six squamous
cell carcinomas, consisting of microinvasive carcinomas and
invasive squamous ccll carcinomas, and two contained the
integrated form (Table 1),

Detection of the Integrated Form by
in Situ Hybridization

Onc of four CIN1 cases yiclded D signals, indicating the
presence of the cpisomal form (Fig. 2). Five of the six CIN2
cases of yiclded positive signals, and three {50%) yielded DS
or S signals, indicating the presence of the integration. Twelve
of 27 CTN3 cascs yiclded positive signals, and 9 (33%) yielded
DS or § signals (Figs. 3 and 4). Investigation of six squamous
cell carcinomas yiclded 8 signals in two (33%), D signals in
one, and DS sipnals in none (Table 1),

Concordance Between the Results for the
Detection of the Integrated Form by
Real-Time PCR and by In Situ Hybridization

We compared the results of detection about the inte-
arated form by both real-time PCR and in situ hybndization.
The integrated form was not detected in CINT by cither real-
time PCR or in situ hybridization. In CIN2, hoth methods
identificd the integrated form in three (50%) of the six cases,
and they identified the integrated form in nine (33%) of the 27
CIN3 cascs. Although there was some difference between the
results obtained by the two methods, the concordance rate for
detection of the integrated form was 37 of 47 (86%) in Table 1.
Thus, the results of the two methods for detection of the
integrated form almost always agreed.

DISCUSSION

HPVIS and 1IPV33 have been found in cervical
carcinomas in their integrated forms, whereas HPV16 bas
heen found in the pure integrated, the pure episomal form, or
the mixed form. It is noteworthy that the physical status of
1V 16 in cervical ncoplasia is unique.>** We therefore used
real-time PCR and in situ hybridization to investigate whether
cervical neoplasia contains the integrated form of the HPV16
genome. Real<time PCR has recently been used to determine
the physical status of the HPV genome, and it has the advan-
tage of being sensitive cnough to usc in small amount of
samples. The template DNA can be obtained from cxfoliated
cervical cells preserved for liquid cytology, however, there has
been a great deal of eriticism of determination of the physical
status of the HIPV genome hy real-time PCR. Since we selected
the E2 and E6 regions for real-time PCR primers to compare
differences in DNA amplification between the E2 and E6
ORFs, the physical status of the genome may have been
misinterpreted based on the results. [t is known to be limited
discussion regarding the physical status only by real-time
PCR. However, since there have been many teports that the E2

@ 2005 Lippincon Williams & Wilkins

is most often disrupted when viral DNA is integrated into the
host genome, we asscssed the detection of the mtegrated form
based on the E2/E6 ratio according to the results of real-time
PCR. It is noteworthy that the incidence of integration was not
as high as previously reported on the basis of real-time PCR.®
We assume that the discrepancy is due Lo the cutoft values used
in the contro! experiments.

Since the physical status of the HPV genome has also
recently been investigated by in situ hybridization, we used in
situ hybridization as an alternative assay for detection of the
integrated form for comparison. The greatest advantage of in
situ hybridization is that neoplastic arca and nonncoplasite
arca of the same specimen can be examined by microscopy for
positive signals. The in situ hybridization system used in our
study was based on catalyzed amplification of positive
hybridization signals with biotin tyramidc complexes and
does not require PCR amplification to improve sensitivily.
Nevertheless, its sensitivity appeared to be poorer to that of the
PCR technique, and that presumably explains the failure to
detect positive signals in the CIN 1 (Table 1). Evans ot al'?
reported detection of spot signals in 100% of CIN by in situ
hybridization, but they observed spot signals even in low risk
of HPVs genome such as [PV 6 or 1 under their conditions.
There is controversy as to whether low-risk 1PV is integrated
into the host genome or not. Under the present circumstances,
in which the low-risk type has not generally been recognized
as being present as the integrated form, we should consider the
sensitivity and specificity of their assay. Since the results
obtained with our high-sensitivity in situ hybridization aJmost
completely coincided with the results of real-time PCR, we
concluded that our assay more closely reflects reality.

The discrepancy hetween the results obtained by two
methods in our study may be due to the difference between the
samples. Exfoliated cells were investigated by real-time PCR,
whereas biopsy miaterial was cxamined by in situ hybridiza-
tion. Despite the difference in such an experimental condition,
we found strong concordance between the results of real-time
PCR and in situ hybridization. We conclude that a combination
of real-time PCR and in situ hybridization is a more reliable
method than using cither method alone to determine the phy-
sical status of the HPV genome.

We also investigated the physical status of the HPV
genome in our specimens and the clinical outcome of the patients.
The group with having the integrated pattern tended fo show
persistent HPV infection; however, in these cases, laser vapor-
ization was performed during the obscrvation period at the
paticnis’ request (data not shown). Therefore, we could not
conclude that integration is an ndicator of a poor outcome.
Although the lesions regressed spontancously in most CIN2
cases, the integrated form was found in some CIN2 cases. It
remaing unresolved whether the presence of the integrated
torm is an indicator of progression of cervical neoplasia because
the integrated form was not detected in all of the invasive
carcinomas. From the standpoint of the gynceologic oncol-
ogist, the CIN classification still seems to be the ordinary
international terminology for histologic diagnosis. Our data
have demonstrated that the pattern of HPV pgenc presence is
diffcrent in the CINI group and the CIN2 group. In other
words, they clearly show that CIN1, i¢, low-grade squamous
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intracpithclial lesions (LSILs), differ from CIN2 or higher-
grade lesions, iec, high-grade squamous intracpithchial lesions
(118ILs), biologically as well. If it is found that SIL, which is
generally used in cytologic terminology, is theorctically
consistent from a molecular biology standpoint as well, it
scems that the concept of SIL will be widely recognized in the
future as histologic terminology. We feel that our study is
important fron1 this viewpoint as well. On the other hand, since
clinical regression also occurs in many CIN2 cases, there is
a problem in deciding on CIN2 and higher-grade cases as
targets for treatment. Differentiating between CIN2 and CIN3
is imyportant in terms of deciding on treatment policy. Thus, at
the present time making a histologic diagnosis into just two
groups, an LSIL group and an HSIL group, is difficult for
clinicians to accept. That is why we used the hiopsy samples
and the CIN classification to describe them in the present
study. The incidence of anti E7 antibody in cervical ncoplasia
paticnts has been reported to be 20% to 50%.,77%* but the
relationship between E7 cxpression in cells and the incidence
of anti E7 antibody remains unresolved. Tf production of anti
E7 antibody in cervical neoplasia patients is refated to the
physical status of the IIPV genome. it might be useful to work
out 4 strategy for therapeutic vaccination for the E7 protcin in
the future.
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Abstract

Objective. Co-expression patterns of the genes implicated in angiogenesis and tumor invasion in cervical carcinoma cells were
investigated together with invasive activity of tumor cells. Transcript levels of those genes were also compared between tumor cells and

normal cervical tissues.

Methods. Real-time quantitative RT-PCR analysis was conducted on selected [1 genes (total VEGF-A, VEGF,2;, VEGF 5. VEGF 50,
VEGF-B. C and D. bFGE. dThdPase, MMP-2 and uPA) using 11 cervical carcinoma cell lines and 14 normal cervical tissues. Protein
expression of VEGF-C and MMP-2 and invasive activity of tumor cells were evaluated for each cell fine by sandwich ELISA and

haploinvasion assay, respectively.

Results. Gene co-expression analysis revealed the significant correlation between angiogenic factors and proteinases in malignant but not
in normal cervical samples. Gene or protein expression levels of VEGF-C and MMP-2 were well correlated with the number of invaded
tumor cells. VEGF-A splicing variants were increased in malignant compared to normal cervical samples but not associated with the invasive

activity ol the cells.

Conclusion. VEGF-C and MMP-2 were closely related to invasive phenotype of tumor eells, whereas VEGF-A isoforms were considered

to be involved in cervical carcinogenesis.
< 2005 Elsevier Inc. All rights reserved,

Keywords: Angiogenesis; Invasion; VEGE-C MMP-2: Cervical carcinoma

Introduction

Growth of solid wumors depends on angiogenesis. the
process by which new blood vessels develop from the
endothelium of a pre-existing vasculature [1]. Tumors
promote angiogenesis by secreting various angiogenic
factors, and newly formed blood vessels induce tumor cell
proliferation and invasiveness. Various peptide growth
factors, such as vascular endothelial growth factor (VEGF)
[2,3], basic fibroblast growth factor (bFGF) [4.5] and
thymidine phosphorylase (dThdPase) [6 8]. have been

* Corresponding author. Fax: =81 72 681 3723,
E-mail address: gyn017¢epoh.osaka-med.ac.jp (M. Ucda).
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found to stimulate the proliferation and motility of
endothelial cells, thus inducing new blood vessel formation.
Molecular cloning has revealed five different isoforms of
VEGF-A which are generated from a single mRNA by
alternative splicing and which have different biochemical
features and biological effects [9,10]. Recently, three new
members of the VEGF family, VEGF-B, C and D. have
been also discovered and characterized {11- 13]. It has been
suggesied that VEGF family members, bFGF and
dThdPase, are expressed in a variety of human tumors in
different ways.

Metastatic spread of the solid tumor depends on a
critical cascade of events that includes tumor cell
adhesion, migration, invasion. proliferation and ultimately
neovascularization [14]. These biological processes require
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proteolysis for degradation of extracellular matrices
(ECM). This allows tumor cells to invade through tissue
stroma and subsequently to enter and spread via the blood
and lymphatic systems. Matrix metalloproteinases
(MMPs). including MMP-2 and 9 (gelatinase A and B).
are members of proteolytic enzymes which can degrade
native collagens and other ECM components [15].
Enhanced mRNA and protein levels of MMP-2 and‘or 9
have been detected in a variety of human malignant
tumors. It is also noted that the urokinase-type plasmi-
nogen activator (uPA) plays an important role in the
invasion process [16]. The proteolytic cascade of ECM
components is triggered by the uPA-mediated conversion
of plasminogen to plasmin and the subsequent activation
of procollagenases [17].

The primary tumor with a high proportion of angiogenic
cells is likely to give rise to metastatic implants that are
already angiogenic. enabling them to grow in lymphnodes
and distant organs [18]. Tumors that produce a higher level
of angiogenic factors may have a more aggressive behavior
than tumors negative for those factors in the process of
invasion and metastasis. It may be expected that the
expression of various angiogenic factors in tumor cells is
closely associated with invasive phenotype of the cells.
However, there have been very few reports on the co-
expression patterns of the genes implicated in angiogenesis
and tumor invasion [19].

In the present study, we investigated gene or protein
expression levels of various angiogenic factors and proteo-
Iytic enzymes in cervical carcinoma cells and correlated
them with invasive activity of the cells. Moreover, we
sought to determine whether a different co-expression
pattern of those genes exists between tumor cells and
normal cervical tissues.

Materials and methods
Cell culmire

Experiments were conducted using seven human
cervical squamous cell carcinoma (SKG-1, SKG-II.
SKG-Hla, SKG-IlIb, OMC-1, YUMOTO and QG-U)
and four adenocarcinoma (HOKUG, NUZ, OMC-4 and
CAC-1) cell lines. The OMC-1 [20] and OMC-4 [21] cell
lines were established in our laboratory. The SKG-1 {22].
SKG-II [23]. SKG-Hla and SKG-IIIb [24] cell lines were
kindly provided by Dr. Shiro Nozawa, Keio University,
Tokyo. The YUMOTO [25]. QG-U [26] and NUZ [27]
cell Tines were kindly provided by Dr. Naotake Tanaka,
Chiba University. Chiba, The HOKUG [28] and CAC-I
[29] cell lines were provided by Dr. Isamu Ishiwata,
Ishiwata Hospital. Mito and Dr. Osamu Hayakawa,
Sapporo Medical College. Sapporo, respectively. All of
the 11 cell lines, except for the YUMOTO. QG-U and
NUZ cell lines. were maintained as monolayer cultures in

Ham’s F-12 medium (Flow Laboratories Inc., lrvine,
Scotland) supplemented with 10% fetal bovine serum
(Mitsubishi Chemical Co., Tokvo) at 37°C in a humidi-
fied incubator with 5% CO, in air. The YUMOTO. QG-U
and NUZ cell lines were cultured in RPMI-1640 medium
(GIBCO BRL. Bethesda, MD) supplemented with 10%
fetal bovine serum as described above. The cells were
grown in 75-cm” tissue culture flasks (Nunc, Roskilde,
Denmark). washed with phosphate-buffered saline (PBS)
and then harvested after a brief treatment with 0.1%
trypsin solution containing 0.02% EDTA (Flow). The cell
viability was determined by trypan blue dye exclusion
prior to use.

Protein solution of cervical carcinoma cells was prepared
from each cell line as previously described [30]. Briefly,
contluent monolayers of tumor cells grown in 10 cm plastic
dishes (Corning 25010. Iwaki Glass, Tokyo) were rinsed
twice with cold PBS and then lysed with modified RIPA
buffer (2 mM sodium orthovanadate. 50 mM NaF, 20 mM
HEPES, 150 mM NaCl, 1.5 mM MgCls, 5 mM sodium
pyrophosphate, 10% glycerol, 0.2% Triton X 100. 5 mM
EDTA, I mM PMSF. 10 mg/ml leupeptin and 10 mgml
aprotinin). The protein concentration of each sample was
determined by using a DC protein Assay Kit (BioRad
Laboratories, Hercules, CA) and then stored at —80°C until
use,

Tissue sample

Normal cervical tissues were obtained from 14 women
who received hysterectomy under the diagnosis of uterine
myoma and were used for mRNA analysis with consent.
These tissues did not have any findings of cervical
neoplasms and consisted of normal epithelial and stromal
components, which was confirmed by pathological obser-
vation. Gene expression levels of these materials containing
both components were evaluated in total as previously
described by Van Trappen et al. [19]. All tissue samples
were immediately frozen in fiquid nitrogen and then stored
at —80°C until use.

RNA isolution and ¢cDNA preparation

RNA was extracted from cell lines and homogenized
tissue samples by a combination of initial phenol/chloro-
form extraction according to the RNA STAT-60 protocol
(Tel-Test, Inc, Friendswood, TX) and then SV-total RNA
isolation kit extraction (Promega Corp. Madison. WI)
according to the supplier’s recommendation. Contaminat-
ing residual genomic DNA was removed by digestion
with RNase free DNase (Promega). cDNAs were pre-
pared using at least 2 pg of total RNA and SUPER-
SCRIPT 1T reverse transcriptase (GIBCO BRL Life
Technologies, Gaithersburg, MD) with random hexamers
as primers and were finally dissolved in diethyl pyrocar-
bonate-treated water and then frozen at —20°C until use.
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Quantitative reverse transcription (RT)-PCR analysis

Quantitative PCR amplification was performed with a
LightCycler (Roche Diagnostics, Tokyo, Japan) according
to the method reported by Yamada et al. [31] with some
modifications for each target gene. As an internal control,
the expression of p-actin MRNA was measured. The primer
pairs and hybridization probes for total VEGF-A, VEGF-A
splicing variants (VEGF~,. VEGF s and VEGF o),
VEGF-B, C and D. bFGF, dThdPase, MMP-2, uPA and
3-actin are shown in Table 1. Two microliters of ¢cDNA
aliquots was subjected to amplification in a 20 ul reaction
mixture containing 2 pl LightCycler-FastStart Mix (Taq
DNA polymerase, reaction buffer and deoxynucleoside
triphosphate mix; Roche Molecular Biochemicals, Man-
nheim, Germany). 1 pl sense and antisense primers (10 pM),
I ul hybridization probe R (8 pM), | ul hybridization probe
F (4 pM). 3 mM MgCl; and sterile distilled water. After an
initial denaturation at 95°C for 15 min, 40 cycles of
denaturation at 95°C for 10 s. annealing at 62°C for 10 s
and extension at 72°C for 10 s for the respective target genes
were carried out on a Roche LightCycler System. A
standard curve was generated using fluorescent data from
the serial dilutions of the plasmid including a single PCR
product for each gene. The gene expression levels were
expressed as 1000 x each target gene/[>-actin. Each analysis
was performed in triplicate.

Sandwich enzyme-linked immunosorbent assay (sandwich
ELISA) for VEGF-C and MMP-2

Protein solution of each celi line was assayed for VEGF-
C expression of tumor cells according to the method
reported by Weich et al. [32] with some modifications.
Briefly. 10 pg/ml of anti-human VEGF-C rabbit 1gG 103
(IBL, Gunma. Japan) was used for coating, and the antigen-
affinity puritied and horseradish-peroxidase (HRP)-conju-
gated antibody 408 (IBL) at 1 ng/ml was used as a detector
antibody. As a standard. recombinant human VEGF-C (IBL)
was used over a concentration range between 0.1 and 6.25
ng/ml. For visualization of the detector, tetra-methyl-
benzidine (Roche, Mannheim, Germany) was used. After
stopping the reaction with 1| M H.SQ;,, the absorbance was
measured at 450 nm by a microplate reader (Tosoh model
MPR-A4. Tokyo). Generally, the samples were analyzed in
different dilutions, measuring each dilution in triplicate.

MMP-2 expression of tumor cells was assayed accord-
ing to the method reported by Fujimoto et al. [33]. A
protein solution containing MMP-2 was mixed with 50 ng/
1 anti-MMP-2 1gG (clone 43-3F9, Fuji, Toyama, Japan)
HRP conjugate in 10 mM sodium phosphate buffer (pH
7.0) containing 10 g/ bovine serum albumin, 0.1 M NaCl
and 10 mM EDTA; 0.1 ml aliquots of the mixture was
transferred to each microplate well previously coated with
an anti-MMP-2 1gG (clone 75-7F7, Fuji). As a standard,
purified human MMP-2 (Fuji) was used. HRP activity

Table 1

Primers/probes sequences used in the real-time quantitative RT-PCR assays for 11 genes involved in angiogenesis and tumor invasion and the housekeeping gene B-actin

Antisense primers Hybridization probe F Hybridization probe R

Sense primers

Genes

ATTATGCGGATCAAACCTCACCAAGG
ATTATGCGGATCAAACCTCACCAAGG
ATTATGCGGATCAAACCTCACCAAGG
ATTATGCGGATCAAACCTCACCAAGG

CAGGTGCCGGAAGCTGCGAA

ACTGAGGAGTCCAACATCACCATGCA
ACTGAGGAGTCCAACATCACCATGCA
ACTGAGGAGTCCAACATCACCATGCA
ACTGAGGAGTCCAACATCACCATGCA

5-ACCGCCTCGGCTTGTCAC-3
5-GCCTCGGCTTGTCACATTTT-3

L3

5-CCCTGATGAGATCGAGTACATC

VEGF-A total

§-CCCTGATGAGATCGAGTACATCTT-3

121

§¥-AGCAAGGCCCACAGGGATTT-3

§-CCCTGATGAGATCGAGTACATCTT-3

165
189

VEGF-B

5-AACGCTCCAGGACTTATACCG-3
5-CACCCTGCTGAGTCTGAAAA-3
5'-AATATGAAGGGACACAACGA-3
S-AGTTTTCCTCATCTGCTCTG-3

5-CCCTGATGAGATCGAGTACATCTT-3
5'-TGACATCACCCATCCCACTC-3

GGGCTTAGAGCTCAACCCAGACACCT
GTTCCACCACCAAACATGCAGC
TCCTCTCCATTCCTTGGTGCGC

GTTACAGACGGCCATGTACGAACC

§-CCAGAAATCAACCCCTAAAT-Y
S-TTCACACCAGCTAAGGAGTC-3

VEGF-C

GAGGCATCTGCAGCTAGAAGACATCCAT

CAGGGGATGGGTAAGACAGTCTATGGTAA  ACAGTCTACAGTCACAGCACATGGGAATT

GAGATGTGACAGCCACCGTGGACAG
GCTTTCCCAAGCTCATCGCAGATG
TTCCCTCCAAGGCCGCATGACT
CCTCCCCCATGCCATCCTGCGTC

VEGF-D
bFGF

5'-TAAGGGAAGTCAGCATGTAA-3
5-TCCGAACTTAACGTCCACCA-Y
5-AGCAGCCTAGCCAGTCGGAT-3
5'-ATCCAGGGTAAGAAGTGTGA-¥

5-AAGAAGAGGAAGTCACAGAA-Y
5'-AATGTCATCCAGAGCCCAGA-Y
§-GTGGATGCCGCCTTITAACTG-¥

CTGCCACTCATCACAGCCTCCATTC
CTGGAATGCCATCCCCGATAACCT

dThdPase
MMP-2

uPA

TGACTGGAATTGTGAGCTGGGGC

F-CTGAAGTCACCACCAAAATG-3
5-CCAACCGCGAGAAGATGAC-3

GGACCTGGCTGGCCGGGACCTGA

5'-GGAAGGAAGGCTGGAAGAGT-3

-actin

W
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bound on the plate was assayed by adding 100 ul of 0.15 M
citric acid-sodium phosphate buffer containing 2.0 g/lo-
phenylenediamine and 0.02% H.0,. After stopping the
reaction with 1 M H»SQ,, the absorbance was measured at
492 nm by a microplate reader. Each assay was performed in
triplicate.

Haptoinvasion assay

The invasive activity of tumor cells was assayed in
Chemotaxicell culture chambers (Kurabo, Osaka) according
to the method reported by Albini et al. [34] with some
modifications as previously described [35]. Polyvinylpyr-
roridone-fiee polycarbonate filters with 8.0 um pore size
were precoated with 10 ug of fibronectin in a volume of 50
ul of PBS on the lower surface and dried overnight at room
temperature under a hood. The Matrigel diluted to 500 pg/
ml with cold PBS was then applied to the upper surface of
the filters (5 ug/filter) and dried again. Log-phase cell
cultures of tumor cells were harvested with 0.1% trypsin
containing 0.02% EDTA and resuspended to a final
concentration of 3.0 x 10%ml in growth medium. 200 pl
of cell suspension was added to the upper compartment, and
600 pl of growth medium was immediately added to the
lower compartment. The chambers were then incubated for
24 h at 37°C in a 5% CO. air. The filters were fixed with
ethanol and stained with hematoxylin. The cells on the
upper surface of the filters were removed by wiping with a
cotton swab. The cells that had migrated to various areas of
the lower surface were manually counted under a micro-
scope at a magnification of 400. Each assay was performed
in triplicate.

Table 2

Statistical analysis

All statistical calculations were carried out using Stat-
View statistical software. The Spearman rank correlation
coefficient was used to analyze the relation between two
different values. The Mann- Whitney U test was used to
compare the gene expression levels between normal and
malignant cell samples. A level of P < 0.05 was accepted as
statistically significant,

Results

Gene co-expression patterns in cervical carcinoma cells and
normal cervical tissues

Real-time quantitative RT-PCR analysis was performed
on mRNA transcripts of 11 genes (total VEGF-A. VEGF,,,.
VEGF g5, VEGF g9, VEGF-B, C and D, bFGF, dThdPase,
MMP-2 and uPA) involved in angiogenesis and tumor
invasion. Tables 2 and 3 show the Spearman correlation
matrices of gene co-expression patterns with coefficient
correlation (rho) and P values in cervical carcinoma cells
and normal cervical tissues, respectively. In malignant
cervical cells, significant co-expressions were found among
total VEGF-A and different VEGF-A splicing variants.
VEGF-B was also co-expressed with VEGF-A. There were
statistically significant correlations in gene expression levels
between VEGF 45 and dThdPase or VEGF-C' and MMP-2.
Significant co-expressions were also observed between uPA
and VEGF-A or MMP-2. There were no statistical differ-
ences in gene expression levels of various angiogenic

Spearman correlation matrix to assess gene co-expression (with rho and P values) in cervical carcinoma cells

VEGF i  VEGF;s  VEGFs  VEGF  VEGF-B VEGF-C  VEGF-D  bEGF dThdPase  MMP-2  uPA
VEGF g  tho 1.000
P value
VEGF |- rho 0.95] 1.000
P value  <0.0001
VEGF,s  tho 0.972 0.909 1.000
P value  <0.0001 <(1.0001
VEGFz9  tho 0.965 0916 0.909 1.000
P ovalue  <0.0001 <(0.0001 <{).0001
VEGF-B rho 0.713 0.664 0.797 0.664 1.000
P value 0.009 0.018 0.002 0.018
VEGF-C rho 0.368 .291 0.4006 0.403 0.123 1.000
P value 0.240 0.359 0.190 0.194 0.704
VEGF-D rho —0.051 0.087 —(.094 —0.029 —0.022 —0.458 1.000
P value 0.876 0.788 0.771 0.929 0.946 0.135
bFGF rho 0.259 0.119 0.308 252 0.357 -0.070 0.051 1.000
P value 0.417 0.713 0.331 0.430 0.255 0.829 0.876
dThdPase  rho 0.483 0.448 0.580 0.503 0.483 0.574 —-0.392 0.028 1,000
P value 0.112 0.145 0.048 0.095 0,112 0.051 0.208 0.931
MMP-2 rho 0.345 0.373 0.303 0.465 0.070 0.635 -{.190 —-0.063  0.359 1.000
P value 0.272 0.232 0.339 0.128 0.828 0.027 0.555 0.845  0.252
uPA rho 0.644 0.683 0.588 0.764 0.518 0.311 -0.123 0.235 0508 0.713 1.000
P value 0.024 0.014 0.044 0.004 0.084 0.326 0.702 0463 0.092 0.009
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Spearman correlation Mawix o assess gene co-expression (with rho and 7 values) in normal cervical tissues

bl GF

VEGF e VEGFs,  VEGEs  VEGFw  VEGE-B VRGO VEGE-D dThdPase  MMP-2  uPA
VEGE o tho 1.000
P value
VEGE 5 rho 0.231 1.000
P value 0.471
VEGE s rtho 0.657 0.322 1.000
P value 0.020 (.308
VEGEw  tho 0.687 -().28% 0.434 1.000
P value 0.014 .363 0.15%
VEGE-B tho 0.413 0.175 0,308 0.214 1.000
P value 0,183 0.587 0.331 0.505
VEGE-C tho —0.266 0.559 0.021 —{(}.303 —0.021 1.000
P value 0.404 0.059 0.948 0.246 0.948
VEGE-D rho —-0.341 (1470 —(0.433 —-0.112 0.233 —0.054 1.000
P value 0.278 0.123 0.160 (1,725 0.4606 (0.867
bFGY rho —0.130 ~0.063 —0.035 —(.337 (.522 0.112 0.458 1.000
P value 0.688 0.846 0.914 0.284 0.082 0.729 0.134
dihdPase  rho 0.373 0.615 0.308 0.014 0.392 (.084 —{1.387 —(1.049  1.000
P value 0.051 0.033 0.331 0.965 0.208 0.795 0.214 (1.880
MMP-2 rho .294 -0.056 0.287 0.320 0.5332 0.280) 0.420 0.340  0.042 1.000
P value 0.354 0.863 0.266 0.310 0.063 0.379 0.174 0.280  0.897
uPA rtho -0.301 0.266 -().308 -(L036 —0.056 0.406 —0.108 —0.102  0.063 —0.301 1.000
P value 0.342 0.404 0.33 0.913 0.863 0.191 0.738 0.753  0.846 0.342

factors and proteinases between squamous and adenocarci-
noma cell lines. In normal cervical tissues, total VEGF-A
was co-expressed with VEGF .5 or VEGF,q. Gene
expression levels of VEGF,», were also statistically
correlated with those of dThdPase. However. gene co-
expression was not observed among other angiogenic
factors and proteinases.

Correlation between VEGF-C or MMP-2 expression and
invasive phenonvpe in cervical carcinoma cells

We then investigated the relationship between VEGF-C
or MMP-2 expression and in vitro invasive activity of
tumor cells estimated by haptoinvasion assay. As shown in
Figs. TA and B, there was a statistically significant
correlation between VEGF-C gene or protemn expression
and the number of invaded tumor cells, with a coetficient
correfation of 0.917 (P < 0.0001) and 0.912 (P < 0.0001).
respectively. Gene or protein expression levels of MMP-2
in 11 cultured cervical carcinoma cells were also well
correlated with the number of invaded tumor cells (Figs.
1C and D), with a coefficient correlation of 0.671 (P =
0.0238) and 0.723 (P = 0.0120), respectively. However,
there was no statistical correlation between mRNA
expression levels of the other genes and invasive activity
of the cells.

Differences in transcript levels of the genes in normal
cervical tissues and malignant cervical cells

Fig. 2 illustrates the transcript levels in normal cervical
tissues and malignant cervical cells for 11 genes involved in
angiogenesis and tumor invasion. All normal and malignant

cervical samples expressed various angiogenic factors and
proteinases examined. The gene expression levels of differ-
ent VEGF-A splicing variants were significantly higher in
malignant compared to benign samples (P < 0.01). In
contrast, there was no statistical difference in mRNA
expression levels of VEGF-B. C and D between normal
cervical tissues and cervical carcinoma cells. The levels of
MMP-2 in malignant were higher than those in benign
samples ( P < 0.05), however, no statistical difference was
found in bFGF, dThdPase or uPA gene expression between
two groups.

Discussion

Various kinds of genes have now been identified which
are mmvolved in both tumor neovascularization and inva-
sion, and most of them are also expressed to some extent
under normal physiologic conditions. In the present study,
combined analysis of real-time quantitative RT-PCR with
correlation matrices of gene expression data revealed the
differences in gene co-expression patterns between malig-
nant and normal cervical samples. In cervical carcinoma
cells. significant co-expressions were found among total
VEGF-A and VEGF-A splicing variants (VEGF,-,,
VEGF,,s or VEGF,x). which is consistent with the
previous reports {19]. Moreover, VEGF-B was also co-
expressed with VEGF-A. VEGF-A binds with high affinity
to two tyrosine kinase receptors on the cell membrane of
vascular endothehal cells; VEGF receptor (VEGFR)-1 (Flt-
1y and VEGFR-2 (KDR/Flk-1). Binding of VEGF-A
causes receptor dimerization followed by autophosphory-
lation of the receptor and signal transduction [2.3]. VEGF-
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Fig. 1. Correlation between VEGE-C gene or protein expression and the number of invaded mumor cells (A or B) and between MMP-2 gene or protein
expression and the number of invaded tumor cells (C or D). respectively. Lach point represents the mean of triplicates for each cell line.

B, one of the new VEGF family members, also binds to
Flt-1 and induces pleiotropic responses of endothelial cells
[11]. The gene co-expression pattern of VEGF-A and B
may suggest their cooperative role for tumor angiogenesis.
Our present results further demonstrated statistical corre-
lations in gene expression levels between VEGF,qs and
dThdPase, VEGF-C and MMP-2. or uPA and VEGF-A or
MMP-2. Recent studies have reported that tumors exhibit-
ing higher expression levels of VEGF-A or VEGE-C
possess a higher metastatic potential [36-38]. dThdPase
expression is also considered to be strongly linked to the
process of tumor invasion and metastasis [35.39]. The
gene expression of angiogenic factors may be closely
associated with proteolytic and invasive properties of
cervical carcinoma cells. In contrast, there was no
statistical correlation in gene expression levels between
angiogenic factors and proteinases in normal cervical
tissues. Although gene co-expression was observed among
total VEGF-A, VEGF-A splicing variants and dThdPase.
angiogenesis may not be related to ECM degradation by
proteolytic enzymes in normal physiologic conditions.

We next examined the correlation between gene expres-
sion levels of angiogenic factors and proteinases and in vitro
invasive activity of cervical carcinoma cells. Interestingly.
VEGF-C and MMP-2 gene expression was closely asso-
ciated with the number of invaded tumor cells. Moreover,
their protein expression was also well correlated with
invasive activity of the cells. VEGF-C is a ligand for
VEGFR-3 (Flt-4), a tyrosine kinase receptor which is
predominantly expressed in the endothelium of lymphatic
vessels [10]. Experimental results with the VEGF-C-trans-
genic mouse have shown that VEGF-C expression is
assoctated with hyperplasia of lymphatic vessels [40]. Thus,
VEGF-C is ranked first as a lymphoangiogenic factor,
which induces lymphatic proliferation and spread of solid
tumors. Recently, some investigators have demonstrated the
close correlation between VEGF-C expression and lym-
phatic invasion and lymphnode metastasis in a variety of
human malignant tumors [41 43]. Moreover, it is generally
accepted that tumor cell invasion into the lymphatic vessels
is established by the destruction of stroma around the
lymphatic vessels via activation of matrix-digesting
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enzymes, which are produced by tumor cells or fibroblasts
[44]. Therefore. it could be expected that VEGF-C
expression in tumor cells is linked to invasive phenotype
of the cells. Our experimental results on the correlation
among VEGF-C, MMP-2 and invasiveness suggest that
cervical carcinoma cells producing VEGF-C may have a

higher invasive and metastatic potential because of their

capacity to pass through tissue barriers by degrading ECM
with MMP-2.

Finally, we compared the transcript levels of angiogenic
factors and proteinases between normal cervical tissues and
cultured cervical carcinoma cells. The gene expression
levels of different VEGF-A splicing variants and MMP-2
were higher in malignant compared to benign samples,
however, no statistical difference was found in other genes
exaniined. Van Trappen et al. [19] reported that VEGF-A
isoforms (VEGF,,; and VEGF 45), VEGF-C and MMP-9

gene expression were significantly increased in malignant
compared to normal cervical tissues and that there was no
significant difference in mRNA expression levels of
VEGF 4y, bFGF and MMP-2 between two groups. They
used malignant cervical tissue samples surgically obtained
from the patients. The discrepancy might be due to the
differences of materials and culture conditions. It has been
demonstrated that VEGF-A is essential for the initial but not
for continued growth of human breast carcinomas and that
other angiogenic factors can substitute for VEGF-A during
disease progression [45]. In the present study. transcript
levels of VEGF-A splicing variants were increased in
cervical carcinoma cells compared to normal cervical tissues
but not associated with the invasive activity of tumor cells
as described above. VEGF-A isoforms might be involved in
the process leading to the transformation of normal cervical
cells rather than in the development of cervical carcinomas.
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In conclusion, gene co-expression analysis revealed the
significant correlation between angiogenic factors and
proteinases in cervical carcinoma cells but not in normal
cervical tissues. Among the genes examined, VEGF-C and
MMP-2 were closely related to invasive phenotype of tumor
cells, whereas VEGF-A isoforms were considered to be
involved in cervical carcinogenesis. Further studies are
needed to clarify the molecular events that coregulate the
genes implicated in angiogenesis and tumor invasion.
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Carboplatin hypersensitivity induced by low-dose
paclitaxel/carboplatin in multiple platinum-treated

patients with recurrent ovarian cancer
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Abstract. Watanabe Y, Nakai H, Ueda H, Nozaki K, Hoshiai H. Car-
boplatin hypersensilivity induced by low-dose paclitaxel/carboplatin in
multiple platinum-treated patients with recurrent ovarian cancer. Int |
Gynecol Cancer 2005;15:224-227.

We report five cases of carboplatin (CBDCA) hypersensitivity after
weekly low-dose paclitaxel (60 mg/m*/CBDCA (area under the concen-
tration curve = 2) therapy in patients with recurrent ovarian cancer re-
ceiving multiple platinum-based chemotherapy. Paclitaxel and CBDCA
therapy was indicated as sccond-line chemotherapy in one patient and
as third line in four patients with recurrent disease. The range of pre-
viously administered total CBDCA was 2582-9589 mg, and the CBDCA
area under the concentration curve of the first treatment exhibited ap-
propriate intensity (mean, 1.92 £+ 0.10; range, 1.76-2.10) in all patients.
However, one patient exhibited severe hypersensitivity reactions in-
cluding cardiac arrest and apnea, and another four patients developed
eruptions, hypotension, and tachycardia soon after administration of
CBDCA. Our report suggested that CBDCA hypersensitivity was corre-
lated with the total dose of previously administered platinum agents
and that CBDCA should be excluded in patients who have received
multiple platinum-based chemotherapy, even in platinum-sensitive ca-
ses, because CBDCA hypersensitivity can occur even with low-dose
CBDCA administration.

Keyworps: CBDCA, hypersensitivity, recurrent ovarian cancer, weekly
low-dose chemotherapy.

Recent large phase-1II comparative clinical trials have
indicated that combination chemotherapy with car-
boplatin (CBDCA) and paclitaxel (TC therapy) is an
effective chemoregimen for patients with advanced
epithelial ovarian cancer”. Moreover, it has also been

Address correspondence and reprint requests to: Yoh Watanabe,
MD, PhD, Department of QObstetrics and Gynecology, Kinki Lni-
versity School of Medicing, 377-2 Ohno-Higashi, Osakasayama,
Osaka 589-6511, Japan. Email: watanabe@med kindaiac.jp

reported that TC therapy is effective even as a second-
line therapy in recurrent epithelial ovarian cancer®?,
Generally, patients with advanced ovarian cancer have
received multiple courses of platinum agent as first-,
second-, and occasionally third-line platinum-based
chemotherapy, and it is well known that the main ad-
verse effects of platinum agents are bone marrow sup-
pression, gastrointestinal toxicity, and neurotoxicity.
Although they are rare events, previous reports(H)
have described hypetsensitivity reactions to platinum
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agents as an issue during multiple platinum-based
chemotherapy regimens. They reported that the [re-
quency of hypersensitivity reaction was 15% in pa-
tients receiving CBDCA for treatment every 3 weeks
with the area under the concentralion curve (AUC) =
5 or almost 300 mg/m? of CBDCA. Since 200, we
have indicated weekly paclitaxel and CBDCA therapy
(WTQ) with 3 weeks of administration followed by a
1-week break, for patients with recurrent epithelial
ovarian cancer, as second-line chemotherapy. How-
ever, if patients requested WTC even as third-line che-
motherapy, we administered this treatment under the
condition that the platinum-free interval was over
6 months, to develop a therapeutic level of chemo-
therapy while preventing neurotoxicity under fully
informed consent. We report the clinical features of
those CBDCA hypersensitivity cases receiving weekly
low-dose CBDC A-based chemotherapy.

Materials and methods

To begin WTC, a 60-min intravenous administration of
20 mg dexamethazone, 3 mg 5-HT, receptor antago-
nist, 50 mg ranitidine hydrochloride, and 30 mg of oral
diphenhydramine was given before administration of
paclitaxel and CBDCA. The treatment dose of pacli-
taxel and CBNCA was divided into three of the stand-
ard TC (paclitaxel at 180 mg/m?, CBDCA AUC = 6):
paclitaxel at 60 mg/m” (equal to the per-week paclitaxel
dose intensity in the GOG 1117 study), CBDCA AUC =
2 (Calvert's formula). After premedication, CBNDCA
was administered over 60 min followed by 60 min of
paclitaxel treatment. All hypersensitivity cases had
previously received platinum-based chemotherapy
every 3 weeks for a total of six courses of 175 mg/m?
paclitaxel and CBDCA AUC — 5, 500 mg/m* of
cyclophosphamide and 70 mg/m? of dsplatin, or 500
mg/m” of cyclophosphamide and CBDCA AUC =5
therapy. Four patients were receiving the present
WTC as third-line chemotherapy, and one 72-year-
old patient received this regimen as second-line che-
motherapy for recurrent disease. Previously, three
patients had received 18 courses of the same WTC
schedule; the range of the previously administered to-
tal dose of CBDCA before hypersensitivity occurred
was 2582-9589 mg, and all cases had platinum-free
intervals longer than 6 months before WTC. Pretreat-
ment performance status according to the criteria of
the Eastern Cooperative Oncology Group and hema-
tologic and nonhematologic status according to the
criteria of the National Cancer Institute Common Tox-
icity were all within grade 1. The mean CBDCA AUC
calculated by nine-point blood samples in the first

opening treatment course was entirely within the ap-
proximate value (1.92 £ 0.01; range, 1.76-2.10).

Results

A total of 23 patients were treated with WTC (14 pa-
tients as second-line and nine as third-line chemother-
apy). The effects of WTC for patients with recurrent
ovarian cancer were 64.3% in second-line (complete
responsc: 5, partial response: 3) and 33.3% in third-line
(PR: 3) treatments, while five cases (four patients in
third-line and one patient in second-line chemo-
therapy) developed CBDCA hypersensitivily among
those receiving WTC (Table 1. All the hypersen-
sitivity reactions occurred immediately after CBDCA
administration but not during paclitaxel admin-
istration. Four patients recovered from symploms
within 10 min after stopping CBDCA administration,
but one patient required respiratory assistance with
intubation in an intensive care unit due to sudden
apnea and cardiac arrest after fainting. Except in one
patient with a severe hypersensitivity reaction, symp-
toms were hypotension (mean drop in blood pressure,
29 + 3 mm Hg in systolic, 14 £ 8 mm Hg in diastolic),
dyspnea (mean 5a0,, 67.3 + 3.7 cm H,0), nausea, and
eruption. Except for the one severe hypersensitivity
patient, the other four patients were treated with a 2-
week break after the hypersensitivity reaction with an
initial 60 mg/m” of single paclitaxel therapy after giv-
ing the informed consent. These four patients have
been able to continue treatment with more than six
courses weekly of 80 mg/m” of single paclitaxel ther-
apy without further hypersensitivity reactions, and
two patients {(one second line and one third line) ach-
ieved PR from the weekly single paclitaxel treatment.
The frequency of CBDCA hypersensitivity by weekly
low-dose therapy has been estimaled as 44.4% (4/9) in
third-line chemotherapy and 7.1% in second-line (1/
14) chemotherapy.

Discussion

Pritnary ovarian epithelial cancer is known as a che-
mosensitive gynecological malignancy, and recent reg-
imens have achieved an almost 75% overall response
rate and a 40% complete response rate’”’, Therefore,
palienls with ovarian cancer occasionally receive mul-
tiple platinum-based chemotherapy, especially pa-
tients with a platinum-free interval of longer than 6
months. However, after multiple platinum-based che-
motherapy, hypersensitivity reaction to CBDCA is a
noteworthy adverse effect. Although the details of the
cause remain unknown, recent studies have reported
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Table 1. Characteristics of CBDCA hypersensitivity cases

Number of chemotherapy

Case Age Symptoms (prior regimens)

PFI Total CBDCA (Total CDDP) AUC of CBDCA

1 58 Eruption Third line (CP, TC-3)
Hypotension
Tachycardia
Dyspnea
Eruption
Hypotension
Tachycardia
Eruption
Hypotcnsion
Tachycardia

4 72 Erupton
Tlypotension
Tachycardia
Dyspnea
Cardiac arrest
Hypotension
Apnea

Third line (CC, WTC)

Third line (CI, WTC)

Second line (TC-3)

Third line (1C-3, WTC)

7 months 6991 mg (1300 mg) 210

8 months 3780 mg 1.98

10 months

5344 mg (1036 mg) 1.92

9 months 2582 g, 1.76

15 months 9589 mg 1.81

WTC, weekly taxol (60 mg/m ) + carboplatin (AUC — 2); CF, cyclophosphamide (500 mg/m Y) + cisplatin (70 mg/m?); CC, cyclo-
phosphamide (500 mg/m”*} + carboplatin (AUC = 5); TC-3, every 3 weeks taxol {175 mg/m?) + carbeplatin (AUC = 5). PEL, plati-

num-free interval; CBDCA, carboplatin; CDDP, cisplatin;

Total CBDCA, prior total carboplatin administration before

hypersensitivity; Total CDDP, prior total cisplatin admunistration before hypersensilivity; AUC, area under the concentration curve.

interesting facts regarding CBDCA hypersensitivity.
Polyzos et al.® reported that CBDCA hypersensitivity
was found in 16% and indicated that 62.5% of these
cases showed mild reactions. They also reported that
there was no hypersensitivity reaction in a group re-
ceiving intraperitoneal CBDCA treatment, and in
33.3% of these patients, treatment could be replaced
by cisplatin. Furthermore, Robinson et al.””’ reported
the utility of desensitization for CBDCA hyper-
sensitivity by low-dose exposure to CBDCA. However,
Markman ¢t al.”” expressed some doubts about de-
sensitization and re-administration of platinum agents
based on clinical cxperiences. In our cases, the mean
practical weekly administered CBDCA during the
course that caused a hypersensitivity reaction was
1956 = 26.3 mg (range, 160260 myg), and all cases ex-
hibited hypersensitivity reactions within 1 min after
CBDCA.  administration (roughly estimated mean
adminislered CBDCA dose until hypersensitivity re-
action occurred was 2.17 = 0.29 mg). Moreover, al-
though CBDCA AUC was examined when initiating
the course of WTC, the administered CBDCA AUC
was confirmed as the approximate dose. Therefore, it
was thought that the utility of CBDCA desensitization
could not be expected because the present cases ex-
hibited CBDCA hypersensitivity after administration
of less than 2 mg of CBDCA. The incidence of CBDCA
hypersensitivity after weekly low-dose CBDCA ther-
apy remains unknown because all previous reports re-
garding CBDCA hypersensitivity involved a CBDCA

€ 2005 1GCS, International Journal of Cynecological Cancer 15, 224-227

treatment showing AUC 5-6. Yu et al."® reported that
the risk of hypersensitivity in children with brain tu-
mors treated weekly with 175 mg/m’ of CBDCA
would increase because CBDCA hypersensitivity was
observed in 11.1% receiving weekly treatment and in
0.7% on the monthly schedule. However, in the pres-
ent series of adult patients with recurrent ovarian can-
cer, hypersensitivity reaction occurred in only one
elderly patient receiving second-line chemotherapy,
and the frequency of hypersensitivily was increased in
third-line chemotherapy. These results suggest that the
risk of CBDCA hypersensitivity is not correlated to a
definite amount or administration schedule but to the
prior accumulated dosc of the CBDCA. Moreover, it
was also suggested that CBDCA hypersensitivity
could be considered as platinum toxicosis because
all the patients showed hypersensitivity reaction after
administration of premedication, including dexametha-
zone for preventing allergic reactions. Although the ef-
ficacy of third-line chemotherapy for patients with
recurrent ovarian cancer has not been established, the
present report suggests that WTC is a safe treatment
regimen as second-line chemotherapy for such pa-
tients after considering the risk of CBDCA hyper-
sensitivity. Moreover, it remains unknown whether
the pretreatment dose of CDDP affects CBDCA hyper-
sensitivity and how much CBDCA will influence the
hypersensitivity reaction because five out of nine
(55.6%) patients who received third-Jine WTC treat-
ment did not sustain CBDCA hypersensitivity even
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though they received full courses of WTC. However,
consideration should be given to the fact that among
the present CBDCA hypersensitivity cases, four pa-
tients (80.0%) were receiving WTC as third-line che-
motherapy and three (60.0%) had previously received
over 5000 mg of CBDCA. Therefore, intensive ob-
servation is necessary during CBDCA-based chemo-
therapy in such patients. Furthermore, exclusion of
CBDCA might be recommended in patients who have
already received multiple platinum-based chemo-
therapies, for treatment safety. even if the patien(s are
identified as platinum sensitive.
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ABSTRACT

Objective: Doxorubicin, irinotecan and etoposide

controls were kefoconazole, 20 M, a potent

are all associated with ihe debilitating side-effects
of nausea and vomiting, thereby necessitating
concomitant antiemetic therapy. However, this may
increase the potential for drug—drug interactions
by inhibition or induction of the cytochrome P450
enzymes. A study was underiaken to investigate
the effects of the 5-HT -receptor antagonist
granisetron on the metabolism of doxorubicin,
irinotecan and etoposide # vitra in human liver
microsomal preparations.

Research design ano methods: Doxorubicin,
20 uM, irinotecan, 10 uM, and etoposide, 50 LM,
were ingubated in the presence of granisetron,
0nM. 20niM, 200 nM and 2000nM, in human liver
microsomal preparations (2509). The levels of
unchanged doxorubicin, irinotecan and etoposide
in the incubation mixture were determined by
high-performance fiquid-chromatography. Positive

inhibitor of CYP3A metabolism, for irinotecan and
etoposide and quercitrin, 2mM, a potent inhibitor
of aldo-keto reductase, for doxorubicin.

Resuifs: in the absence of granisetron,
unchanged doxorubicin, irinotecan and efoposide
levels decreased by 34.2 £ 5.5%, 21.3 +2.9% and
13.4 +1.6% of confro!. respectively. Ketoconazole
prevented the breakdown of both irinotecan and
stoposide, while quercitrin inhibited the breakdown
of doxorublein. Granisetron had no effect on the rate
of reduction of doxorubicin, iinotecan or etoposida.

Conclusions: The results from thig study
suggest that granisetron neither inhibits nor
induces the enzymes involved in the metabolism
of doxorubicin, irinotecan or etoposide. Thus,
granisetron ¢an be used safely to treat nausea and
vomiting induced by these agents with minimal
risk of drug-drug interactions.

introduction

The anthracycline doxorubicin has been used for many
vears in combination with other cytotoxic agents for
the treatment of a wide range of solid tumours and
haematologic malignancies. More recently, liposomal
doxorubicin has appeared as a new cytotoxic agent for
the treatment of patients with advanced' or relapsed?
ovarian cancer. Moreover, etoposide has been recognized
as an effective agent for the treatment of lymphoma’,
metastatic testicular cancer’, small cell lung cancer’
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and relapsed ovarian cancer®, while irinotecan hydrate
is widely used with S-{luorouracil for the treatment
of advanced colorectal cancer’ and advanced ovarian
cancer’, Furthermore, all these antineoplastic agents
are recommended as salvage chemotherapy for relapsed
epithelial avarian cancer by the National Comprehensive
Cancer Network Treatment Guidelines. However, all
these agents may induce the debilitating symptoms
of nausea and vomiting that are commonly associated
with antineoplastic chemotherapy. Fortunately, the
development of the 5-HT -receptor antagonists for the
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