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Abstract The purpose of the study is to highlight onco-
cytic modifications in rectal adenocarcinomas and evaluate
apossible correlation with preoperative radiochemotherapy
(RCT). Twenty-eight cases of advanced rectal carcinoma,
treated preoperatively by 5-fluorouracil (200-225 mg/m?)
and 4446 Gy in 22-23 fractions, were studied. All patients
underwent biopsy before RCT. Surgery was performed
within 6 weeks after RCT. In all cases oncocytic mod-
ifications were searched for on hematoxylin and eosin
(H&E) and at immunohistochemistry using an antimito-
chondrial antibody. In addition, in two cases, both pre- and
post-RCT tissues were examined at electron microscopy.
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All tumors were adenocarcinomas. In pre-RCT biopsies,
oncocytic changes were difficult to find on H&E, while the
antimitochondrial antibody strongly stained numerous
neoplastic cells (mean 48.4%). In post-RCT surgical
specimens, oncocytic changes were detected in 24 out of
28 cases on H&E and the antimitochondrial antibody
stained most of the residual neoplastic cells (mean 76.7%).
Ultrastructural examination revealed large and bizarre
mitochondria inside tumor cells both in pre- and post-
RCT tissues. In conclusion, the present data suggest that
rectal adenocarcinomas are “mitochondrion-rich” tumors.
After preoperative RCT, residual neoplastic cells acquire a
definite oncocytic phenotype.
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Introduction

Since the first definition given by Hamperl in 1894 [12],
oncocytes are traditionally described as cells with abun-
dant, granular, and eosinophilic cytoplasm on the basis of
optical microscopic appearance at hematoxylin and eosin
(H&E). Immunohistochemical and ultrastructural studies
revealed that the cytoplasm of these cells is mainly
composed of mitochondria [3, 7, 31]. Furthermore, many
tumors present focal oncocytic differentiation, however, in
oncocytomas or oncocytic tumors (both benign and ma-
lignant lesions), at least 75% of the constituent neoplastic
cells are oncocytes [40]. Immunohistochemical examina-
tion with antimitochondrial monoclonal antibody provides
helpful evaluation for diagnosis [26, 41]. Oncocytomas are
diffusely distributed in various organs, although the most
frequent sites of origin are thyroid, salivary glands, and
kidney [39]. To the best of our knowledge, rare carcinomas
with oncocytic changes were described in the gastrointes-
tinal tract [25], although only one oncocytoma arising in
the rectum was reported [27].

During histological evaluation of tumors from patients
treated with preoperative radiochemotherapy (RCT) for



locally advanced rectal carcinoma, we noted a peculiar
differentiation toward an oncocytic phenotype. Thus, the
aim of the present study is to consider oncocytic differen-
tiation in colorectal adenocarcinoma and to evaluate the
possible correlation between oncocytic differentiation and
response to preoperative RCT.

Materials and methods
Patients

From January 2000 to February 2005, a total of 28 cases of
rectal carcinoma (20 men, eight women) were preopera-
tively treated with concomitant radiotherapy and chemo-
therapy at the Department of Oncological Sciences, Bellaria
Hospital, University of Bologna (Italy). The clinical as-
sessment and the tumor stage prior to RCT were estimated
by physical examination, colonoscopy with rectal biopsy,
endorectal ultrasound, abdominopelvic computed tomogra-
phy (CT) scan, and chest X-ray. Radiotherapy consisted of
an external beam irradiation given by means of three
orthogonal fields (posterior—anterior, left lateral, right later-
al) with a total dose of 4446 Gy, subdivided in 22-23
fractions, and distributed in the course of about 1 month.
Simultaneously (for approximately 32-33 days), patients
were treated with 5-fluorouracil (5FU) (200-225 mg/mz) by
continuous intravenous infusion. Four to 6 weeks after
completion of RCT, patients underwent either an anterior
resection (20 patients), or abdominoperineal resection (six
patients); an anterior resection with left hemicolectomy and
an abdominoperineal resection with radical cystectomy were
also performed (one patient each). Surgical specimens were
evaluated for residual disease, depth of tumor penetration,
and lymph node metastasis according to the tumor-node-
metastasis staging [35]. Pathological stage after RCT (tumor
classification after neoadjuvant therapy) was then compared
with the clinical stage as previously assessed.

Control cases

As controls, 14 surgical specimens of colon adenocarci-
noma (four ascending colon, five transverse colon, five
sigmoid colon) not treated with preoperative RCT were
retrieved from the Anatomic Pathology files of University
of Bologna, at Bellaria Hospital, for study and search for
oncocytic differentiation.

Histology and immunohistochemistry

All tissues were fixed in 4% buffered formalin and paraffin
embedded according to a routine procedure. From each
block, sections were stained with H&E and with antimi-
tochondrial antibody (BioGenex, clone 113-1, dilution
1:500). The processing was carried out using the Ventana
BenchMark automated stainer.
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On H&E, oncocytic differentiation was diagnosed when
cells had intense and granular cytoplasmic eosinophilia and
nuclei showed granular chromatin and prominent nucleoli.

Finely granular cytoplasmic immunostaining observed
in stromal fibroblasts and in nonneoplastic epithelial cells
was considered as internal control. Positive oncocytic
counting was performed both on the preoperative small
biopsies and in the surgical specimens containing residual
cells within fibrous tissues. We decided to count 200
consecutive cells to obtain a quantitative evaluation of the
immunohistochemical results.

Ultrastructure

In two cases, ultrastructural investigation was performed,
both pretreatment biopsy and posttreatment surgical spec-
imen. Tissues were retrieved from paraffin blocks. Samples
were deparaftined; rehydrated; fixed in phosphate-buffered
2.5% glutaraldehyde and 1% osmium tetroxide; dehy-
drated in alcohol and propylene oxide; and embedded in
Epon 812. Thin sections were stained with uranyl acetate
and Reynolds’ lead citrate and observed in a Phillips CM
10 TEM.

Results
Tumor stage and pathologic response

The total of 28 patients was composed of 20 males and
eight females, with a median age at surgery of 66 years.

The pretreatment clinical stage, evaluated by endorectal
ultrasound and abdominopelvic CT scan revealed: (1) five
stage T2 tumors, 17.9%; (2) 21 stage T3 tumors, 75%; and
(3) two stage T4 tumors, 7%. Possible lymph node meta-
stasis was found in 15 (53.6%) cases. All T2 tumors were
located very close to the anorectal junction, and preoper-
ative RCT was performed in the attempt to reduce the size,
avoiding abdominoperineal resection.

‘L t‘!' Mgy
Fig. 1 Case No. 4, pretreatment biopsy, H&E. The lesion is

composed of adenocarcinoma; rare cells with modifications
reminiscent of oncocytic features are visible (arrows)
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Fig. 2 Case No. 4, pretreatment biopsy. Immunohistochemistry
with antimitochondrial antibody shows that most of the neoplastic
cells are rich in mitochondria. Adjacent normal mucosa, present in
the left corner, shows a definitely weaker staining

After RCT, pathological examination of surgical speci-
mens detected: (1) one stage TO tumor, 3.6%; (2) three
stage T1 tumors, 10.7%; (3) ten stage T2 tumors, 35.7%;
(4) 13 stage T3 tumors, 46.4%; and (5) one stage T4 tumor,
3.6%. Histological staging performed on the surgically
resected specimen showed complete regression in one
(3.6%) patient and down-staging in 13 (46.4%) patients.

Morphologic analysis before and after treatment

Pretreatment biopsies Twenty-seven patients were diag-
nosed with invasive, conventional type, adenocarcinoma

Fig. 3 Case No. 21, posttreatment surgical specimen, H&E. Rare
neoplastic cells remain among fibrous tissue. Residual cells show
clear oncocytic modifications (upper right inset), as revealed by
antimitochondrial antibody (lower right inset)

Fig. 4 Case No. 21, posttreatment surgical specimen. At low power
view, antimitochondrial antibody stains residual neoplastic cells

(nine well-differentiated, 15 moderately differentiated, and
three poorly differentiated) and one was diagnosed with
mucinous adenocarcinoma. On H&E, neoplastic cells with
oncocytic differentiation were detectable in 16 cases where
they composed 3 to 20% (mean, 5.3%) of the neoplastic
population (Fig. 1). Antimitochondrial antiserum strongly
stained 5 to 100% (mean, 48.4%) of the neoplastic cells

(Fig. 2).

Posttreatment surgical specimens Twenty-four patients
were diagnosed with invasive, conventional type adeno-
carcinoma (15 moderately differentiated, two well-differ-
entiated, five poorly differentiated, and two with scattered

Fig. 5 On ultrastructure, numerous mitochondria are visible in the
cytoplasm of the neoplastic cells both in pretreatment (a) and in
posttreatment (b) tissues



Fig. 6 Cells positive for anti-
mitochondrial antibody at im-
munohistochemistry (IHC) in
pretreatment biopsy and tumor
stage reduction (see text)
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neoplastic cells only) and three were diagnosed with mu-
cinous adenocarcinoma. In one case, a complete patho-
logic response was documented. Neoplastic cells with
oncocytic differentiation were detectable on H&E in 24
cases where they constituted 10 to 100% (mean, 54.4%) of
the residual neoplastic population. Antimitochondrial-
positive neoplastic cells varied from 5 to 100% (mean,
76.7%). The two cases with scattered residual neoplastic
cells exhibited a definite oncocytic differentiation on H&E
and a strong immunoreactivity to antimitochondrial anti-
serum (Figs. 3 and 4).

Ultrastructure

Ultrastructural examination revealed similar alterations in
mitochondrial morphology, both in pretreatment biopsies
and in posttreatment surgical specimens. Mitochondria
were numerous, closely packed, large, swollen, and bizarre
in shape; nucleoli were prominent. The same alterations
were more pronounced and appeared more evident in
surgical specimens after RCT (Fig. 5).

Control cases

Oncocytic modifications were identifiable on H&E in 14
cases. Oncocytic cells composed 5 to 30% of neoplastic
cells (mean 10.7%). Immunoreactivity for antimitochon-
drial antiserum was present in all cases with the percentage
of positive cells varying from 20 to 80% (mean 64.3%).

Additional modifications observed in posttreatment
surgical specimens

In surgical specimens of post-RCT rectal carcinomas, eight
cases (28.6%) showed mucinous modifications and two
cases acquired a definite mucinous phenotype. The case

0% 40% 50% E0% 70% B0% 0%
Positive cells at IHC in pre-treatment biopsy

100%

diagnosed as mucinous adenocarcinoma in pretreatment
biopsy did not show features of regression or modifications
of histotype after RCT.

Clinical correlations

The percentage of mitochondrial antigen positive neoplas-
tic cells detected in pretreatment biopsies was correlated to
the tumor stage reduction induced by RCT. Tumor stage
reduction was evaluated by the comparison between pre-
treatment clinical staging and posttreatment pathological
staging. Data collected are illustrated in Fig. 6. Correlation
index calculated for the two variable groups was 0.03896.
Statistical analysis did not show any statistically significant
correlation.

Discussion

In the present study, a series of preoperative RCT led to a
stage reduction of the tumor in 13 (46.4%) out of 28
patients. Complete regression was achieved in only one
case (3.6%) while 14 (50%) out of 28 patients with rectal
adenocarcinoma were not affected by preoperative treat-
ment. These data are consistent with previously published
series where a complete response after RCT was observed
in only 5 to 10% of the cases [11, 29, 42, 43]. Preoperative
RCT can reduce tumor mass in rectal carcinomas and
improve surgery efficacy, although the magnitude of this
benefit is relatively small. Understanding the reasons for
partial response to preoperative RCT is of utmost
importance and numerous studies have already addressed
this issue [2, 8, 9, 14, 19, 20, 23, 30, 44]. It was shown that
radiotherapy may induce changes at the genetic level [21,
22], particularly in those genes regulating proliferation,
apoptosis, and tissue repair. This might explain the
morphological modifications observed in tissues after
RCT.
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Regarding the colorectal site, many authors have an-
alyzed morphological features following RCT or radio-
therapy alone. Extensive fibrosis, mucous lakes, thickening
of the intima, and media layers of blood vessels are well-
documented features [4, 45]. Nagtegaal et al. [22]
documented mucinous changes in irradiated rectal carci-
nomas. Increased number of endocrine cells following
RCT in rectal cancer were also reported [33, 32]. Similar
aspects were also observed in our cases.

To the best of our knowledge, oncocytic modifications
after RCT in colorectal adenocarcinomas were never ex-
tensively investigated, although tumor epithelial cells with
marked eosinophilic cytoplasm were described [17, 32].
Even after short-term preoperative radiotherapy (25 Gy in
5-7 days), epithelial cells in the crypts displayed an
intensive eosinophilic cytoplasm [15]. It is possible to
hypothesize that the intense cytoplasmic eosinophilia
previously identified is comparable to the oncocytic mod-
ifications observed here.

The present cases show that colorectal adenocarcinomas
are characterized by numerous mitochondrion-rich neo-
plastic cells. These cells, even if not clearly recognizable
on H&E, became more evident after immunostaining with
antimitochondrial antiserum. In the pretreatment biopsies,
a mean of 48.4% of antimitochondrial antibody positive
cells was observed. This finding was confirmed in surgical
specimens of the 14 untreated colon adenocarcinomas
(“control cases”) where a mean of 64.3% cells positive to
antimitochondrial antiserum was detected. Thus, colorectal
adenocarcinomas may be considered “mitochondrion-rich”
tumors [3, 5].

True oncocytic modifications became evident in surgical
specimens of rectal adenocarcinomas after RCT where a
mean of 54.4% of neoplastic cells showed the typical
features of oncocytes on H&E and a mean of 76.7% of
neoplastic cells was strongly positive to antimitochondrial
immunostaining. In surgical specimens from two cases that
underwent a marked reduction of neoplastic population, the
residual neoplastic cells were oncocytic.

Oncocytic modifications due to radiotherapy were
described in the literature in various organs. Busuttil [1]
described similar alterations in 48 specimens of salivary
glands after irradiation. In seven irradiated adenomas of a
pituitary gland, diffuse fibrosis was found and some ir-
radiated pituitary cells showed cytoplasmic immunoreac-
tivity for mitochondrial protein, mimicking oncocytes [24].
Oncocyte differentiation was also observed after metyr-
apone therapy in adrenal cortex [38]. Oncocytic modifica-
tions observed and related abundance in mitochondria may
represent one of the factors responsible for resistance to
RCT.

The mechanism of mitochondriogenesis is a complex
phenomenon resulting in the synthesis of membrane phos-
pholipids, DNA replication and expression of the mito-
chondrial genome and of genes encoding for mitochondrial
proteins [46].

Possible mechanisms for oncocytic cell increase might
be: (1) differentiation of epithelial neoplastic cells toward
an “oncocyte-appearance” phenotype and (2) selective

proliferation of oncocytes within tumor cells due to their
resistance to RCT.

Neoplastic cells may acquire an oncocytic phenotype after
radiation therapy as a response to injury (so-called “second-
ary oxyphilia”) [36]. It was observed that ionizing radiation
and other oxidants increase mitochondrial gene expression
and its activity. After irradiation, expression of mitochon-
drially encoded genes, mitochondrial membrane potential,
and ATP production were enhanced in a cell line derived
from glioblastoma [10]. Furthermore, the viability of this cell
line after exposure to irradiation was high, suggesting a
possible protective role against additional oxidative damage.
Studies conducted with cationic hexakis (2-methoxyiso-
butylisonitrile)-technetium-99 m (**™Tc-MIBI), an agent
that accumulates in mitochondria of various cells and tissues
of high mitochondrial metabolic activity, have shown an
increase of mitochondrial membrane potentials and mito-
chondrial metabolic activity in cancer cell lines after
irradiation [6]. Mitochondria may be metabolically activated
after RCT and become larger and swollen, determining an
oncocytic appearance on H&E.

On the other hand, oncocytic differentiation detected in
pretreatment biopsies may be responsible for resistance to
RCT itself. This was observed in carcinomas of the thyroid
exhibiting oncocytic appearance that are less responsive to
radioactive iodine [18]. Homoplasmic mitochondrial DNA
(mtDNA) somatic mutations were detected in colorectal
cancer [28]. Experimental studies have shown that damage
to mtDNA and to the mitochondrial respiratory chain may
change the response of tumor cells to anticancer drugs [3,
47]. The antioxidant enzyme manganese superoxide dis-
mutase (MnSOD), located in mitochondria, seemed to be
one of the most effective enzymes in protecting cells
against ionizing radiation damage [37]. Overexpression of
MnSOD improves the survival of cells exposed to gamma
radiation [13]. Mitochondrial somatic mutations in the D-
loop region—a noncoding sequence of the mitochondrial
genome—was described in colorectal cancer not only as
potential tumor marker and an independent prognostic
factor, but as a factor of resistance to adjuvant chemother-
apy with 5FU, suggesting a central role of the mitochondria
in drug resistance [16].

In conclusion, we demonstrated that colorectal adeno-
carcinomas are mitochondrion-rich tumors. Although
oncocytic features were difficult to identify on H&E, im-
munohistochemical and ultrastructural studies revealed
their abundance of mitochondria. After preoperative RCT,
residual neoplastic cells of rectal adenocarcinomas ex-
hibited a definite oncocytic phenotype, as evaluated by
both H&E and immunohistochemistry along with ultra-
structure. The oncocytic component and mitochondria
enrichment may be considered to be among the factors
responsible for the resistance to preoperative RCT.
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