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Mitochondrial ultrastructure-associated
chemotherapy response in ovarian cancer
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Abstract. We developed mitochondrial (MT) scoring system
based on MT ultrastructural findings in association with
response to chemotherapy in ovarian cancer (OC). Ultrathin
sections of MT prepared from 28 OC patients before
chemotherapy were examined by electron microscopy.
Platinum-sensitive ovarian carcinoma cell line 2008 and its
resistant variant C13 were used as control cells. Seven
independent MT features including, diameter, pattern of
cresta structure, electron density, distribution-density and -
pattern, ratio of minimal/maximal diameter and MT
architecture were examined and were assigned a score
between 0 and 2. Twenty-eight cases were primary advanced
OC, including 4 recurrent cases. Nine cases were chemo-
sensitive while 19 were resistant. Univariate and multivariate
analysis in each factor showed good correlation to chemo-
sensitivity for 2 factors of electron density, distribution
pattern. Total score of these 2 factors in 9 sensitive cells was
1.44+0.41 (M + SE) and was 3.58+0.18 in 19 resistant cells
(P<0.001). Receptor operative characteristics (ROC) analysis
revealed that total ‘cut-off’ score was 3 point (P<0.05;
AUC=0.84). In conclusion, this MT scoring system was
excellently correlated to response regardless of histo-
pathologic findings and this strongly suggests that the system
is deemed to be of great value as biomarker for the chemo-
sensitivity in OC.

Introduction

Platinum drugs remain one of the most important
chemotherapeutic agents for ovarian cancer treatment.
Resistance to cisplatin is a major obstacle for successful
cancer therapy. Although significant biochemical changes in
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the cisplatin-resistant cells have been described, the
description of the mechanisms resulting in cellular cisplatin
resistance remains unclear. Although formation and repair of
cisplatin nuclear-DNA adducts (1) and inhibition of DNA
synthesis have been widely studied, several lines of evidence
showed that platinum nuclear-DNA interaction was not the
core effect of cisplatin (2). Furthermore, it was shown that
tumor cell exposure to cisplatin ultimately results in apoptosis
(3). Only 1% of intracellular platinum is bound to nuclear-
DNA, with the great majority of the intracellular drug
available to interact with other molecules, including
mitochondrial (MT) DNA (4). Our Bcl-2 data (5) suggested
the importance of mitochondrial pathways in cisplatin action;
we have subsequently centered our attention on cisplatin
interactions with MT and its DNA (6).

A considerable number of reports have also shown the
ability of various compounds to act directly on mitochondria,
inducing loss of membrane potential and release of
apoptogenic proteins from isolated mitochondria (7,8). We
also reported the MT cytochrome c release-associated
enhancement of platinum sensitivity in ovarian carcinoma
cells (9). In the current study, we also report the morpho-
logical changes in association with platinum sensitivity.

The histopathologic findings of ovarian epithelial
carcinoma have generally been found to be of prognostic
significance concerning response to chemotherapy. Serous
adenocarcinoma is considered to be most sensitive while
other types are less sensitive to standard chemotherapeutic
regimens. Previously, Silverberg has reported the prognostic
significance of a histopathologic grading system of ovarian
epithelial carcinoma (10). In this stydy he emphasized that
histopathologic typing is less valuable than grading in
predicting survival but better at predicting tumor
responsiveness to chemotherapy, and can also suggest the
chemotherapeutic agents to be used. On the other hand the
pathological features of ovarian cancer after chemotherapy
have been detailed previously (11). As to the ultrastructural
features of MT in ovarian cancer, there have been no
particular studies reported. A pathologic textbook showed
typical MT findings (12), but the significance of MT
morphology remained unclear.

The purpose of this study was to develop a scoring
system of MT morphological findings to determine whether
there is a relation between ultrastructural findings and
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Table I. Scoring system of mitochondrial ultrastructure.
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Point 0 1 2

MT size Small Intermediate Large
(Longest diameter) (=0.7 uym) (=0.8 ym)

Cresta structure Clear Intermediate Destroyed

Electron density Low Intermediate High

MT distribution High Intermediate Low
(100 pm?) (=80/100 um?) (=40/100 pm?)

Distribution pattern Perinuclear Intermediate Dispersed

Oval ratio Short ovoid Intermediate Long ovoid
(Short/long) (=0.7) (=0.3)

MT type Tubular Adrenal/hepatocyte

MT Type tubular adrenal hepatocyte

responsiveness to chemotherapy with analysis of application of
this system to a series of cases treated in a uniform manner in
our institution.

Materials and methods

Patients. The study group comprised 28 women with advanced
stage or recurrent ovarian cancer who had been treated with
primary surgery followed by taxane- plus platinum-based
chemotherapy at the Department of Obstetrics and Gyneco-
logy of Jikei University School of Medicine, Japan between
January 2000 and January 2006. Patients were enrolled onto
the study after providing informed consent. The study
protocol and all accompanying forms and surveys were
reviewed and approved by the institutional review board.

Histologic diagnosis. The tumor stage and histologic
diagnosis of each patient were determined according to FIGO
criteria and the histologic typing system of the WHO,
respectively. All available histological sections were reviewed
by two expert histopathologists involved in our study. For the
grading of tumor, we used the grading system of the Gyneco-
logic Oncology Group (GOG) (13).

Clinical evaluation. The evaluation of the clinical course of
disease was based on clinical examination, serum CA125
assay, chest X-ray, abdominal-pelvic ultrasound and computed
tomography scan. Additional investigations were performed
when appropriate. Response was characterized according to
the Response Evaluation Criteria in Solid Tumors (RECIST)
criteria (14). When the patient did not have any assessable
tumor, CA125 response criteria (Gynecologic Cancer
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Intergroup-modified Rustin definition) (15) was used. Serum
CA125 values were measured immediately before and after
chemotherapy. The best assessed overall response was
observed in all patients.

Electron microscopy. For electron microscopic analysis, cells
or samples were rinsed and fixed in sifu with 2.0% glutaral-
dehyde in 0.1 M phosphate buffer with calcium for 1 h at
4°C. After washes in 0.1 M phosphate buffer pH 7.4, cells
were fixed for 1 h at 4°C in 1% OsO,. Samples were dehy-
drated in graded concentrations of ethanol and embedded in
Epon 812 epoxy resin. After polymerization, ultrathin
sections were cut parallel to the block surface using a
Reichert OUM4 ultramicrotome, stained with uranyl acetate
and lead citrate, and then examined in a JEOL-1200EX
electron microscope at 60 kv acceleration voltage at
magnification of x1000, x1200 and x2500.

By careful examination and comparison of MT in typical
platinum sensitive and resistant ovarian carcinoma cells, we
focused on 7 independent parameters depicting the most
prominent differences between the two representative cells.
As shown in Table I, these features are evaluated in 10 MTs
as follows. i) MT size (longest diameter; <0.7 ym, 0.7-0.8,
>0.8 pum); ii) cresta structure (clear, intermediate and
destroyed); iii) electron density (low, intermediate and high);
iv) MT distribution (number/100 pm?: =80, 40-80, <40); v)
distribution of MT pattern (perinuclear, intermediate and
dispersed); vi) ovoid ratio (shortest diameter/longest
diameter: =0.7, intermediate, <0.3) and vii) MT architecture
(3 types of MT shown in Table I: tubular, adrenal or
hepatocyte). Each of these evaluated parameters is given a
point score 0-2 except for MT architecture which is given 0
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Table II. Patient demographics.
Responder Non-responder
Characteristic Total No. %0 No. %
No. 28 9 19
Age (median) 51 51 48
Stage
Ic recurrence 4 0 0.0 4 21.1
111 19 7 778 12 632
v 5 2 22.2 3 158
Histology
Serous 14 8 88.9 6 31.6
Endometrioid 4 0 00 4 21.1
Clear cell 4 1 11.1 3 15.8
Undifferentiated 3 0 00 3 15.8
Unclassified 3 0 00 3 158
Tumor grade?
1 5 0 00 5 50.0
2 5 2 25.0 3 30.0
3 8 6 75.0 2 20.0
Max. tumor size®
<l cm 19 7 77.8 12 63.2
>1 cm 9 2 22.2 7 36.8
No. of residual lesions
<5 19 7 77.8 12 63.2
>5 9 2 22.2 7 36.8

3Grading for serous, endometrioid and clear cell types and Pmaximum size of the residual tumor.

or 2. Scoring was done by discussion of two reviewers; one
gynecologist with an assistance, or one anatomist. Fig. 1A
and B illustrate typical examples of the patterns used
assigning the point score for MT characteristics of OC in this
system. Fig. 1A demonstrates typical MT in drug sensitive
OC cells, showing lower electron density, perinuclearly
distributed, clear cresta structure. Fig. 1B depicts MT in drug
resistant OC cells, showing higher electron density, dispersed
distribution pattern, unclear cresta structure.

Statistical analysis. Differences between samples or groups
of samples were determined by Student's t-test using two-
sided P-values. Multiple logistic regression was carried out to
investigate the relationship among the response and the
factors. Receiver operator characteristics (ROC) were
performed to determine if an optimal ‘cut-off” point could be
determined for MT scoring system and subsequent drug
sensitivity.

Results

Patient characteristics. Patient demographics are summarized
in Table II. The median age of patients was 51 years (range

27-68). According to the FIGO classification, tumor stage was
IIT in 19 patients, IV in 5 patients, and recurrence in 4
patients. In all recurrent cases, time intervals from the last day
of primary chemotherapy to the start of secondary chemo-
therapy were >6 months. Histologically, 14 carcinomas were
serous, 4 was endometrioid, 4 were clear cell, 3 were
undifferentiated and the rest of 3 were unclassified adeno-
carcinoma. Out of 6 chemotherapy non-responders of serous
adenocarcinoma, 4 were recurrent cases. Tumor was graded
for serous and endometrioid carcinoma and the grade was G1
in 5 patients, G2 in 5, and G3 in 8. All 4 endometrioid
carcinoma were G1, while 6 out of 8 G3 cases were primary
serous carcinoma. After the surgery, 19 patients had residual
disease <1 cm and 9 patients had a larger residual tumor.
Chemotherapy response did not relate to stage, histology,
grade, tumor size or residual lesion.

Scoring system for mitochondrial ultrastructure. Seven
factors were analyzed and scored independently in our
grading system (Table IIT). With the exception of MT size, six
selected factors were found to work significantly as indepen-
dent indicators for chemosensitivity (P<0.05). Multivariate
analysis of these selected 6 factors revealed that electron
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Figure 1. Representative electron microscopy of mitochondria of typical
drug sensitive (A) and resistant (B) ovarian carcinoma cells, x1500. Scoring
are defined in text and Table I. (A) Longest MT size is 0.59+0.12 pym (0
point), cresta structure is clearly visible (0 point), electron-density is very
low (0 point), MT-distribution is 100.9 count/um? (0 point), perinuclear MT
distribution pattern (0 point), short ovoid ratio (shortest diameter/longest
diameter; 0.81+0.17) (0 point), tubular MT type (0 point). Total score = 0
point. (B) Longest MT size is 0.89+0.09 ym (2 point), cresta structure is
destructive (2 point), electron-density is very high (2 point), MT-distribution
is 39.7 count/um? (2 point), dispersed MT distribution pattern (2 point), long
ovoid ratio (shortest diameter/longest diameter; 0.16+0.04) (2 point),
hepatocyte MT type (2 point). Total score =14 point.

density and MT distribution pattern are the 2 major independent
factors (Table IV).

Since each of these 2 parameters proved to be indepen-
dent of one another, and because each of them correlated in
univariate analysis with chemosensitivity, it was deemed
appropriate to combine them to create our final scoring
system (Table IV). As mentioned above, each parameter is
scored from O to 2, and the scores are then added, with a final
score from O to 4 yielding a final sensitivity classification of
sensitive (0-2), 3-4 being classified as resistant. This cut-off
point of =3 as resistant was determined by ROC analysis

Table IV. Multivariate analysis of 6 selected factors.
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Figure 2. Receiver operator characteristics (ROC) was performed to

determine the optimal ‘cut-off” score of =3 as resistant with sensitivity of
94.7% and specificity of 88.9%.

Table III. Results of scoring system.

Sensitive (N=9) Resistant (N=19)

Characteristic Mean + SE Mean + SE P

MT size 1.000+0.289 1.421+0.159 0.0886
Cresta structure 0.778+0.324 1.685+0.134 0.0024
Electron density 0.556+0.242 1.833+0.090  <0.0001
MT distribution 0.667+0.289 1.556+0.121 0.0012
Distribution pattern ~ 0.889+0.261 1.842+0.086 0.0001
Ovoid ratio 0.222+0.222 0.944+0.205 0.0195
MT type 1.111+0.351 1.889+0.111 0.0065
Total 5.222+1.451 10.842+0.632  0.0001

measuring success as drug sensitivity (AUC=0.90) (Fig. 2).
Group mean comparison test for this new scoring system
showed the statistically significant difference with the total
score of 1.44+0.41 for sensitive group (mean + SE) vs.

95% CI#

Characteristic Coefficient t P Lower Upper
Cresta structure 0.083 1.66 0.555 -0.374 0.207
Electron density 0.367 2.77 0.012 0.091 0.644
MT distribution 0.121 0.95 0.352 -0.385 0.144
Distribution pattern 0.370 2.53 0.020 0.065 0.675
Ovoid ratio 0.086 1.00 0.331 -0.268 0.095
MT type 0.137 0.98 0.337 -0.154 0.427
Electron density +

Distribution pattern 5.62 <0.001 1.354 2914

295% Confidence interval.
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3.58+0.18 for resistant (P<0.0001). The system works in
primary and recurrent cases with ovarian carcinoma of the
major histologic types (serous, clear cell, endometrioid), as
well as in primary cases of undifferentiated adenocarcinoma
and others.

By univariate analysis for a group of features including
histologic tumor type, GOG grade, and this new scoring system,
histologic type (primary serous carcinoma) and our system
were significantly correlated with chemosensitivity.

Discussion

Cytoreductive surgery followed by paclitaxel-plus platinum
based chemotherapy represents the standard treatment for
patients with advanced epithelial OC. A recent randomized
study revealed no difference in response rates, progression-free
survivals, and early survival data between docetaxel vs.
paclitaxel, or carboplatin versus cisplatin (16,17). We high-
lighted two major questions for this gold standard chemo-
therapy. First, the majority of the cases in those randomized
studies were typical serous adenocarcinoma, the most
platinum-sensitive common histologic type and they do not
include good sample size for other histologic types of tumor.
Second, the use of this combination chemotherapy as second-
line for relapse is restricted to cases with long treatment-free
interval (TFI) (>6 months) because of the probable acquired
platinum resistance. Our unique MT scoring system has
addressed these questions and sorted them out.

For the first problem, no one knows whether taxane plus
platinum combination chemotherapy is as effective in other
histologic types of tumor as in serous adenocarcinoma. Half
of the ovarian cancer patients at least in Japan have mucinous,
clear cell, and low grade serous ovarian cancers, distinct
from the more common high grade serous papillary cancers.
There is no previous literature indicating standard chemo-
therapeutic regimens or biological markers peculiar to those
relatively rare tumors. Fourteen of our 28 cases were other
than serous OC and 93% of them were diagnosed as platinum
resistant. Our MT scoring system predicted platinum-
resistance correctly in 92% cases (positive predictive value =
0.92), suggesting the system is a valuable marker for the
diagnosis of platinum-resistance in non-serous tumors as well
as in typical serous adenocarcinoma. Based on our scoring
system, we can recommend to consider chemotherapeutic
regimens without platinum for those patients scored as
platinum-resistant.

Regarding the second point above, the major problem for
the recurrent cases is the complex pathological diagnosis of
the recurrent tumor. When the patient relapses after chemo-
therapy, the surviving tumors show morphological effects of
chemotherapy (11). Tumor type is predictive of drug-sensitivity
and grading may be a predictor of prognosis for primary
tumors, but neither tumor typing nor grading is reliable after
chemotherapy. The carcinoma occasionally could not be
classified as either serous, mucinous, endometrioid, or clear
cell. The treatment-free interval (TFI) has been established as
predictive for response to re-treatment with a platinum-
containing regimen, although more recent data indicate it may
not be an independent factor (18). In this regard, our MT
scoring system could be a powerful tool to predict platinum
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sensitivity of surviving tumors. Our MT system correctly
diagnosed 4 recurrent cases as platinum resistant despite the
>6 month treatment-free interval (TFI).

Our data showed no obvious effect of chemotherapy on
MT morphological findings. The comparison of MT scoring
before and after chemotherapy was not available in 4
recurrent cases. This is now under investigation to determine
whether a good MT scoring change is indicative of a good
biochemical response. One more problem in our scoring
system is that this is only based on platinum sensitivity and it
is not clear whether the score is indicative of the sensitivity
to other type of widely-used drugs such as taxanes or
topoisomerase inhibitors. Additionally, our group of patients
did not include mucinous adenocarcinomas and we need to
confirm the MT score in this relatively rare tumor type.

Finally, the number of cases in our study is small and
carefully designed prospective studies in larger number of
cases with clinical follow-up will be necessary to investigate
more the clinical relevance of this MT scoring system.
However, our data presented here provide evidence that the
system could be of great value as a biomarker for chemo-
sensitivity in OC.
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