Histopathology

Histopathology 2012, 61, 1089-1105. DOI: 10.1111/j.1365-2559.2012.04313.x

Overexpression of chromatin assembly factor-1 p60,
poly(ADP-ribose) polymerase 1 and nestin predicts
metastasizing behaviour of oral cancer

Massimo Mascolo, Gennaro Ilardi, Maria Fiammetta Romano,’ Angela Celetti,”> Maria Siano,
Simona Romano,' Chiara Luise,” Francesco Merolla,” Alba Rocco,®> Maria Luisa Vecchione,

Gaetano De Rosa & Stefania Staibano

Department of Biomorphological and Functional Sciences, Pathology Section, 'Department of Biochemistry and Medical
Biotechnology, “Institute of Experimental Endocrinology and Oncology ‘G. Salvatore’ EOS-CNR, CNR, ¢/ o0 Department of
Cellular and Molecular Biology and Pathology, and >Department of Clinical and Experimental Medicine, Gastroenterology
Unit, School of Medicine, University ‘Federico II', Naples, Italy

Date of submission 3 February 2012
Accepted for publication 20 April 2012

Mascolo M, Ilardi G, Romano M F, Celetti A, Siano M, Romano S, Luise C, Merolla F, Rocco A, Vecchione M L,

De Rosa G & Staibano S
(2012) Histopathology 61, 1089-1105

Overexpression of chromatin assembly factor-1 p60, poly(ADP-ribose) polymerase 1 and
nestin predicts metastasizing behaviour of oral cancer

Aims: The natural history of oral squamous cell
carcinomas (OSCCs) is variable and difficult to predict.
This study aimed to assess the value of the expression of
poly(ADP-ribose) polymerase 1 (PARP-1), chromatin
assembly factor-1 (CAF-1)/p60 and the stem cell
markers CD133, CD166, CD44, CD44v6 and nestin
as markers of outcome and progression-free survival in
OSCC patients.

Methods: Clinical data were collected from 66 patients
(41 male and 25 female, aged 29-92 years) who
underwent surgery for OSCC of the tongue, floor, lips,
and palate. During follow-up (range: 12—131 months),
14 patients experienced relapse/metastasis and/or
death. The study was performed by immunohistochem-
istry on paraffin-embedded tumour tissues, western
blot analysis of tumour protein lysates and human cell

lines, and RNA silencing assays. In addition, the
human papillomavirus (HPV) status of primary
tumours was evaluated by immunohistochemistry
and viral subtyping. Univariate and multivariate anal-
yses were performed to determine the correlation
between these parameters and the clinical and patho-
logical variables of the study population.

Results and conclusions: We found that a PARP-
188h /CAF-1  p60"™2E/nestin™®®  phenotype charac-
terized the OSCCs with the worst prognosis (all
HPV-negative). This may be of benefit in clinical
management, since radio-enhancing anti-PARP-1 an-
d/or anti-CAF-1/p60 agents may allow radioresis-
tance to be bypassed in the nestin-overexpressing,
metastasizing OSCC cells.
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Introduction

Oral squamous cell carcinoma (OSCC) is the most
frequent cancer of the head and neck region. It repre-
sents the fifth most common cancer worldwide, and is
the sixth most common cause of cancer-related deaths
per year in the USA."? The major risk factors for this
tumour are prolonged exposure to tobacco and alcohol.
In many cases surgery leaves patients disfigured and/or
necessitates further reconstructive procedures.'> Unfor-
tunately, OSCCs are frequently unresponsive to alterna-
tive therapeutic options, such as radiotherapy and
chemotherapy, which target the hierarchically orga-
nized, rapidly dividing tumour cells constituting the bulk
of the tumour mass.*” It has been hypothesized that
subsets of self-renewing, proliferatively quiescent tu-
mour cells with stem-like properties, known as cancer
stem cells (CSCs), may account for the resistance to DNA-
damaging agents and the failure of long-term disease
control of malignant tumours.®™'> The defence strate-
gies of cancer cells against the cytotoxic damage and
apoptotic DNA double-strand breaks induced by thera-
peutic ionizing radiation or alkylating agents encompass
the rapid synthesis and degradation of poly(ADP-ribose)
by cellular poly(ADP-ribose) polymerases (PARPs).'¢718
The addition of poly(ADP-ribose) groups to histones
induces nucleosome modification and relaxation of the
chromatin structure, facilitating DNA repair through
the action of large protein complexes, such as the
molecular chaperone chromatin assembly factor-1
(CAF-1)."%72! CAF-1 comprises a complex of three
subunits (p150, p60, and p48) and drives the incorpo-
ration and assembly of H3K56-acetylated histones into
chromatin in response to oxidative stress, DNA damage,
and mismatch-containing strands, restoring chromatin
structure on the completion of double-strand break
repair.”* 27 Knocking down p60 disrupts the activity of
CAF-1 in nucleosome assembly, causing replication fork
arrest, activation of the intra-S-phase checkpoint, and
global defects in chromatin structure.>®>! The nuclear
expression of CAF-1/p60 is increased in multiple types of
cancer, proportionally to their adverse clinical behav-
iour.?>3'* On account of these postulates, we exam-
ined the expression of the stem cell-associated antigens
CD133, CD166, CD44 with the v6 variant and nestin
(frequently associated with CSCs of solid malignancies)
in a series of primary and metastatic 0SCCs.?>> We then
compared these results with the expression levels of
PARP-1 and CAF-1/p60 proteins in the same group of
tumours. In addition, on the basis of evidence that a
distinct cohort of head and neck cancers testing positive
for high-risk (HR) human papillomavirus (HPV) DNA
shows less aggressive behaviour and better response to

therapy, we related our data to the HPV status of primary
tumours.>®? As HR HPVs cause strong expression of
p16™%* a component of the Rb tumour suppressor
gene pathway, and immunohistochemistry for p1 6™ 42
is considered to be a reasonable surrogate for detecting
transcriptionally active HPV infection, p16™%*® expres-
sion was also investigated in our cases of OSCC.*"™*3
Finally, we explored the existence of any significant
association between the several parameters that we
analysed and the clinical course of OSCC.

Materials and methods
PATIENTS AND TISSUE SAMPLES

Formalin-fixed, paraffin-embedded tissue blocks of 66
primary OSCCs (41 tongue, 16 floor, five lip and four
palate squamous cell carcinomas) and corresponding
metastases, diagnosed and excised with healthy surgi-
cal margins from January 2000 to December 2009,
were retrieved from the archives of the Pathology
Section of the Department of Biomorphological and
Functional Sciences, ‘Federico II' University of Naples.
The clinical data and pathological features of the
tumours are reported in Table 1.** No patient experi-
enced radiotherapy before surgery. The study design
and procedures involving tissue samples collection and
handling were performed according to the Declaration
of Helsinki, in agreement with the current Italian law,
and to the Institutional Ethical Committee guidelines.

TISSUE MICROARRAY (TMA) CONSTRUCTION

The most representative tumour area for each case was
selected on a donor tissue block under the guidance of
the corresponding haematoxylin and eosin (H&E)
section. A manual tissue microarrayer (Tissue-Tek
Quick-Ray Sakura, Torrance, CA, USA) was used to
punch one cylindrical core tissue specimen (3 mm
diameter) from the selected area. The cores were
implanted into a recipient paraffin block to construct
the TMA, each containing two samples of non-neo-
plastic oral mucosa (control). After chilling at —10°C
for 30 min,*’ several 4-um sections were cut from each
TMA. The first section was stained with H&E to confirm
both the presence of the selected areas from each
tumour and the integrity of tissues. The other sections
were mounted on poly-lysine coated glass slides.

IMMUNOHISTOCHEMISTRY

For each case, double immunolabelling of routine tissue
sections and corresponding tissue microarrays

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.
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Table 1. Clinical and pathological features of the study population

Stage* Patients Sex (male/female) Age' (years) Subsite Grading Follow-up' (months)  Clinical outcome
I 16 9/7 55.8 (30-75) 15T 2G1 41.3 (12-66) 1D; 1R,M,D
3L 6 G2
2F 8 G3
1P
Il 13 8/5 64.3 (29-92) 13T 9 G2 41.3 (12-92) 1M; 1D; 1R,M,D
5F 4 G3
1P
1 7 6/1 54.0 35-75) 2T 5 G2 38.9 (13-124) 1M,D; 1R,M,D
2F 2G3
v 30 18/12 63.0 (33-89) 11T 6 G1 49.2 (12-131) 2R; 1RM; 3D; 1R,M,D
2L 5 G2
7F 19 G3
2P
66 41/25 60.5 (29-92) 8 G1 44.6 (12-131) -
25 G2
33 G3

D, Death from disease; F, floor; G, grade; L, lip; M, distant metastasis; P, palate; R, relapse; T, tongue.
*Stage classes were determined according to the American Joint Committee on Cancer (2009).%2
tFor Age and Follow-up, given numbers are respectively means and ranges.

(TMAs) was performed with the EnVision™™ G/2 Dou-
blestain System (Dako, Carpinteria, CA, USA).*>*°
Immunohistochemistry was carried out as previously
described.>*°>*7 Briefly, sections were heated at 55°C
for 60 min, deparaffinized, and processed for antigen
retrieval by microwaving in 1% sodium citrate buffer, pH
6.0. Non-specific binding was blocked with 1.5% non-
immune mouse serum (1:20; Dakopatts, Hamburg,
Germany) and endogenous peroxidase and alkaline
phosphatase activities were quenched with dual endog-
enous enzyme block (0.5% H,0, in methanol and
detergent). Sections were then incubated with primary
antibodies (Table 2) followed by the appropriate second-
ary antibody, and the reaction was detected using
3,3’-diaminobenzidine (Vector Laboratories, Burlin-
game, CA, USA) and permanent red; nuclei were
counterstained with Mayer's haematoxylin. For each
run, positive and negative controls were included
(Table 2).3373>%748 por negative controls, non-immune
serum in T-TBS buffer (1:500) was used instead of the
primary antibodies. A brown signal confined to the
nucleus indicated immunopositivity for either CAF-
1/p60 or PARP-1. Positivity for nestin, CD44,
CD44v6, CD133 and CD166 was visualized as red
membrane and/ or cytoplasmic staining. For all primary
antibodies, the level of immunostaining was scored
semiquantitatively; for each marker, grouping into low

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.

and high expression was established on the basis of
median values (Table 2).>13**® Immunohistochemical
screening for HPV status was performed using the
p16™E*_CINtec histology kit (E6H4; mtm Laboratories,
Heidelberg, Germany).**>¢

HPV GENOTYPING

DNA isolation and HPV genotyping were performed
using the INNO-LiPA polymerase chain reaction (PCR)-
based HPV Genotyping Extra test (Innogenetics Bio-
technology for Healthcare, Gent, Belgium).’*>? This
test identifies 28 HPV genotypes: 6, 11, 16, 18, 26, 31,
33, 35, 39, 40, 43, 44, 45, 52, 53, 54, 56, 58, 59, 66,
68, 69, 70, 71, 73, 74, and 82. Viral subtyping was
performed only in p16™%*_positive cases.

CELL CULTURE

Normal human keratinocytes (HNEK) were cultured in
keratinocyte growth medium (Cambrex, East Ruther-
ford, NJ, USA). BHY, CAL33 and HN cell lines are
described elsewhere.>> HN and BHY cell lines were
derived from a human oral cavity SCC, and CAL33
cells from human tongue SCC. Cells were maintained
in DMEM supplemented with 10% fetal bovine
serum, 2 mM L-glutamine and 100 units/ml penicillin-
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Table 2. Primary antibodies used for immunohistochemistry

Clone Staining Median
Antibody*  number  Manufacturer Dilution  Positive control pattern % Score
CAF-1/p60 SS53 Abcam, Cambridge, 1:300 Prostate carcinoma N 17.5 Low: <17.5%
MA, USA High: 217.5%
CD133/1 AC133 Miltenyi Biotec, 1:100 Hair follicle M 9.5 Low: <9.5%
Auburn, CA, USA High: 29.5%
PARP-1 F-2 Santa Cruz Biotechnology, 1:200 Human lymphoma N 15 Low: <15%
Santa Cruz, CA, USA High: >15%
Nestin 10c2 Santa Cruz Biotechnology, 1:100 Human brain tissue C 6 Low: <6%
Santa Cruz, CA, USA and normal skin High: >6%
CD44 DF1485 Novocastra/Leica, 1:50 Human tonsil M 16 Low: <16%
(H-CAM) Newcastle upon Tyne, UK High: 216%
CD44v6 VFEF-7 Novocastra Laboratories,  1:50 Human tonsil M 10% Low: <10%
Newcastle upon Tyne, UK
CD166 MOG /07 Vector Laboratories, 1:100 Normal skin M/C 9.5 Low: <9.5%
(ALCAM) Burlingame, CA, USA High: >10%
High: 29.5%
p1e!Nkaa E6H4 mtm Lab. AG, Ready-to- CIN3 N/C Binary rating
Heidelberg, Germany use system, ‘positive’

and ‘negative't

C, Cytoplasmatic signal; M, membrane signal; N, nuclear signal.

*All antibodies used were mouse monoclonal.
tPositive: diffuse staining (>50% of neoplastic cells).

streptomycin (GIBCO, Paisley, PA, USA). The HaCat
cells were derived from in vitro spontaneously trans-
formed keratinocytes from histologically normal skin.

WESTERN BLOTTING

Protein expression analysis on HN, BHY and CAL33
cell lines was performed according to standard proce-
dures.’® For tissue protein extraction, samples were
snap-frozen and immediately homogenized in lysis
buffer using the Mixer Mill apparatus (Qiagen, Ger-
mantown, Philadelphia, PA, USA). Protein was quan-
tified using a modified Bradford assay (Bio-Rad,
Hercules, CA, USA). Antigens were revealed using an
enhanced chemiluminescence detection kit (ECL;
Amersham, Little Chalfont, UK).

CELL DEATH ASSAY

HaCat and CAL 33 cells were transfected with specific
short interfering oligoribonucleotide (siRNA), corre-

sponding to human cDNA sequences for CAF-1 p60
(Qiagen) or with a non-silencing RNA (AllStars nega-
tive control siRNA; Qiagen) as control. For transfection
details see ref. 54. After 24 h, cells were treated with
the PARP-1 inhibitor PJ34 (Alexis, Vinci-Biochem,
Firenze, Italy) at doses of 0.5, 5 and 50 um. Analysis of
DNA content was performed by propidium iodide
incorporation as described.’*

STATISTICAL ANALYSIS

The selected predictor variables were compared by use
of the y” test or Fisher’s test, and correlations between
data were analysed with the Spearman rank correla-
tion test. For comparison of the event-free survival time
(events: relapse, metastasis, or death) between two
categories of individuals, the log-rank Mantel-Haenszel
test was applied. A two-tailed test of significance with a
P-value <0.05 was considered to be statistically signif-
icant. Multivariate analyses were performed to corre-
late different markers; the Bonferroni corrected P-value

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.



was considered to be significant if it was <0.05. The
statistical analysis was performed using the R statistical
package v. 2.10.1 (R Foundation for Statistical Com-
puting, Vienna, Austria). Evaluation of the intraob-
server and interobserver agreement for the tested
proteins on whole sections and TMAs and of the
concordance between sections and TMAs was per-
formed by use of Cohen’s weighted kappa statistic.””

Results

IMMUNOHISTOCHEMICAL STAINING OF TMAs AND
ROUTINE TISSUE SECTIONS

All of the antibodies used in this study showed a high
concordance level between the expression values on
routine sections and those on TMA sections, as
reported below. For each antibody, we report the
results of the immunohistochemical staining, without
specifying whether the data refer to TMA sections or
whole sections of tumours. The immunohistochemistry
results for each antibody analysed are reported in detail
in Table 3.

CAF-1/p60, PARP-1 and nestin were expressed in
all OSCCs; tumours were assigned to two (low-score
and high-score) categories on the basis of the median
values of marker expression (Table 2). All the tumours
showing the simultaneous overexpression of CAF-
1/p60, PARP-1 and nestin, developed, during follow-
up, recurrence and/or metastases or death (Figure 1;
Table 3). This overexpression was retained by the
corresponding metastatic tissues (Figure 1). Among the
36 cases showing high-level CD44 expression, only 12
(33%) developed an adverse event during follow-up
(Table 3). The immunohistochemical expression of
CD166, CD133 and CD44v6 was variable, and did
not show a significant association with clinical behav-
iour. The p16™¥*_positive tumours were all positive
for HPV16 (Table 3). Among pl6™*_positive
tumours, CAF-1/p60, PARP-1 and nestin were only
barely detectable (Figure 2). In TMAs, as in routine
sections, focal immunoreactivity for the evaluated
proteins was observed in a few keratinocytes of normal
oral epithelium, almost always localized to the basal
layer.

PROTEIN EXPRESSION OF STEM CELL MARKERS,
PARP-1 AND CAF-1/P60 IN OSCC AND CELL LINES

To verify the immunohistochemical data, we har-
vested protein lysates from selected high-stage/grade
snap-frozen OSCC samples (n = 10) and from the
corresponding normal mucosa, and examined CAF-

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.

PARP-1, CAF-1 p60 and stem cells in OSCC 1093

1/p60 protein levels by immunoblotting. We found
CAF-1/p60 protein to be highly expressed in all car-
cinomas, particularly in metastatic tissue (Figure 3).
The uncleaved pl111 PARP-1 isoform was present in
large amounts in tumours and metastases, as com-
pared with normal counterparts (Figure 3). We pre-
viously analysed the same group of OSCC primary
samples, and found high levels of CD44 and its v6
variant, which was particularly expressed in high-
grade tumours. In the present study, these samples
were also evaluated for the expression of nestin,
CD133, and CD166. These stem cell markers showed
greater expression in OSCC than in normal oral
mucosa; the highest levels were registered for nestin,
particularly in OSCC metastases (Figure 3). We also
evaluated the expression levels of CAF-1/p60, PARP-
1 and stem cell markers in some cultured human
OSCC lines. CAF-1/p60 and PARP-1 were expressed
at the highest level in OSCC cell lines (Figure 3),
which also showed high levels of CD44v6, nestin and
CD166 expression (Figure 3).

FLUORESCENCE-ACTIVATED CELL SORTING
ANALYSIS OF OSCC CELLS UPON TREATMENT WITH
CAF-1/P60 SIRNA AND PARP-1 INHIBITOR PJ34

PJ34 at 50 um induced cell death in both HaCat and
CAL33 cells (Figure 4: HaCat, P = 0.02; CAL33,
P = 0.005). CAF-1/p60 siRNA induced cell death in
both cell lines (HaCat, P < 0.0004; CAL33,
P < 0.0006). The extent of CAF-1/p60 siRNA-induced
apoptosis was higher in CAL33 cells than in HaCat cells
(P < 0.001). A cooperative effect between PJ34 and
CAF-1/p60 siRNA was observed in HaCat cells but not
in CAL33 cells. In fact, addition of 50 um PJ34 to CAF-
1/p60-silenced CAL33 cells resulted in a significant
increase in cell death (Figure 4: P = 0.01).

STATISTICAL ANALYSIS

The level of agreement for the immunohistochemical
staining evaluation, expressed by the kappa coefficient,
was >0.75 for both intraobserver and interobserver
evaluations, on sections and on TMAs, for all of the
antibodies used in the present study. The concordance
between the expression levels evaluated on the whole
sections and on TMA sections was high (kappa
coefficient >0.75).

No statistical differences for age, gender, tumour
subsite, grade or stage of disease were found between
patients who had different clinical outcomes (Ta-
ble S1). CAF-1/p60, PARP-1, CD166, nestin, CD44
and CD44v6 were expressed at significantly higher
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Table 3. Immunohistochemical staining and HPV genotyping results, tumour staging and follow-up of patients

I Il 1l IVA Follow-up

CAF-1/p60

Low 15 5 3 10 33W

High 6 14 1 12 19W; 2R; 1M; 5D; 1R,M; 1M,D; 4R,M,D
CD133

Low 13 6 3 11 31W; 2R,M,D

High 8 13 1 11 21W; 2R; 1M; 5D; 1R,M; 1M,D; 2R,M,D
PARP-1

Low 9 8 2 9 28W

High 12 11 2 13 24W; 2R; 1M; 5D; 1R,M; 1M,D; 4R,M,D
Nestin

Low 11 6 3 9 29W

High 10 13 1 13 23W: 2R; 1M; 5D; 1R,M; 1M,D; 4R,M,D
CD44

Low 12 6 2 10 28W; 2R

High 9 13 2 12 24W; 1M; 5D; 1R,M; 1M,D; 4R,M,D
CD44v6

Low 7 3 1 4 13W; 2R

High 14 16 3 18 39W; 1M; 5D; 1R,M; 1M,D; 4R,M,D
CD166/ALCAM

Low 14 7 3 10 33W; 1D

High 7 12 1 12 19W; 2R; 1M; 4D; 1R,M; 1M,D; 4R,M,D
p16|NK4a

Negative 14 18 2 21 42W; 2R; 1M; 5D; 1R,M; 1M,D; 4R,M,D

Positive 6* 1* 2% 1% 10W

D, Death from disease; M, metastasis; R, relapse; W, alive and well.
*All the p16"™**2-positive tumours were positive for HPV16, as assessed by the INNO-LiPA polymerase chain reaction (PCR)-

based HPV Genotyping Extra test.

levels in patients who had an adverse event during
the follow-up. CAF-1/p60, PARP-1 and nestin
showed the highest sensitivity (1.00) and specificity
(0.64, 0.54, and 0.56, respectively) (Table 4). Similar
results were obtained on evaluating these multiple
markers against a single adverse event (Tables S2—
S4). As expected, the various markers that we
investigated were statistically correlated with each
other (Tables 5 and 6). We focused on the three
proteins (CAF-1/p60, PARP-1, and nestin) that
showed the strongest correlation with each other
(Table 5) and with tumour biological behaviour.

They were significantly associated with adverse
events (P < 0.001), showing sensitivity or specificity
levels that reached 1.00. The 14 patients who had
simultaneous maximum expression of CAF-1/p60,
PARP-1 and nestin had at least one adverse event,
with an overall median event-free time of 12 months.
In contrast, the 52 patients with low expression of at
least one of the three proteins in their primary
tumours had a favourable outcome (Table 7). Nine-
teen patients showed high CAF-1/p60 and low
PARP-1 and/or nestin expression; none of them
had any adverse event during the follow-up. Table 8

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.
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Figure 1. A case of metastasizing oral squamous cell carcinoma. A,B, Strong immunostaining for PARP-1 (nuclear) and CD166
(cytoplasmic and cell membrane). C,D, Diffuse immunostaining for CAF-1/p60 (nuclear) and CD44 (cytoplasmic and cell membrane). E,F,
Extensive, strong positivity for nestin (cytoplasmic and cell membrane).

summarizes our findings: the simultaneous ‘triple-
high expression’ of CAF1 /p60, PARP-1 and nestin
correlates, with high sensitivity and specificity, with Our study provides evidence for the existence of a
relapse, metastasis, and death. definite inter-relationship between the overexpression

Discussion

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.
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Figure 2. A case of oral squamous cell carcinoma, NO MO, at the end of follow-up. A,B, Low to moderate immunohistochemical expression
of nestin and CAF-1 p60. C,D, Weak immunopositivity for CD44 and CAF-1/p60. E,F, Weak staining for CD166 and PARP-1.

of PARP-1, CAF-1/p60 and nestin and the biological
aggressiveness of OSCCs. Such a finding seems to
prove that these molecules may serve as novel
predictive biomarkers for chemotherapy/radiotherapy

responsiveness and for the prognosis of these lethal
cancers, shedding new light on the very complex
molecular events underlying the neoplastic progres-
sion of OSCCs.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.
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Figure 3. Expression of stem cell markers, PARP-1 and CAF-1/p60 in oral squamous cell carcinoma (OSCC) and cell lines. A, Snap-frozen
OSCC, protein lysates: high expression level of uncleaved p111 PARP-1 and CAF-1/p60 in primary OSCC (T) and corresponding metastases (N1,
N2). All of the evaluated stem cell markers were found to be expressed in OSCC. However, the highest levels were registered for nestin,
particularly in metastases. Tubulin detection was used to confirm equal gel loading. B, Cultured human OSCC lines: OSCC cell lines
overexpressed CAF-1/p60 and PARP-1. Among stem cell markers, nestin, CD44, CD44v6 and CD166 showed the highest expression levels.
A primary culture of HNEK cells was used as control.
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Figure 4. CAF-1 p60 silencing activates keratinocyte cell death: flow cytometric histograms of propidium iodide incorporation of HaCat and
CAL33 cells, transfected with non-silencing (NS) RNA or CAF-1 p60 small interfering RNA. Twenty-four hours after transfection, cells were
treated with the PARP-1 inhibitor P]34, and were harvested after a further 24 h. Bars indicate hypodiploid cell percentages (B). Graphic
representations are given of the mean values and standard deviations of cell death values (n = 6) for HaCat and CAL33 cells (C). The CAF-1/p60
siRNA efficiency was assessed by measuring the levels of CAF-1/p60 mRNA, by Real time PCR (A).
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Table 4. Correlation between marker expression and the occurrence of an adverse event

No event, no. (%) Any event, no. (%) Difference Sensitivity Specificity

CAF-1/p60 Low 33 (63) 0 (0) P < 0.0001 1.00 0.64
High 19 (37) 14 (100)

PARP-1 7Low 28 (54) 0 (0) P < 0.0001 1.00 0.54
High 24 (46) 14 (100)

p16 0 42 (81) 14 (100) NS 0.00 0.81
1 10 (19) 0 (0)

HPV 0 42 (81) 14 (100) NS 0.00 0.81
1 10 (19) 0 (0)

CD166 Low 33 (63) 1(7) P < 0.0001 0.93 0.64
High 19 (37) 13 (93)

CD133 Low 31 (60) 2 (14) P = 0.0001 0.86 0.60
High 21 (40) 12 (86)

Nestin Low 29 (56) 0 (0) P < 0.0001 1.00 0.56
High 23 (44) 14 (100)

CD44 —LOW 28 (54) 2 (14) P < 0.0001 0.86 0.54
High 24 (46) 12 (86)

CD44v6 —LOW 13 (25) 2 (14) P < 0.0001 0.86 0.25
High 39 (75) 12 (86)

NS, Not significant.

Table 5. Correlations between expression of markers

CAF-1/p60 PARP-1 HPV CD166 CD133 Nestin CD44

PARP-1 0.71%** 1

p16 -0.09 -0.27

HPV -0.09 -0.27 rxx 1

CD166 0.61%** 0.65%** -0.36* -0.36* 1

CD133 0.02 0.24 -0.13 -0.13 0.21 1

Nestin 0.61%** 0.79%** -0.27* -0.27* 0.63%** 0.16 1

CD44 0.07 0.18 -0.35% -0.35% 0.45%** 0.23 0.30* 1

CD44v6 0.27%** 0.35*% -0.32* -0.32* 0.41% 0.24* 0.39*% 0.65%**

*P < 0.05; ***P < 0.001.

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.
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Table 6. Pairwise comparisons between CAF-1 p60, PARP-1, nestin, CD166, CD133, CD44 and CD44v6 expression

Mean difference Standard error P* 95% ClI
CAF-1/p60 versus PARP1 -6.197 1.578 0.0044 -11.188 to —1.206
CD166 8.515 1.050 <0.0001 5.194 to 11.836
CD133 9.212 1.061 <0.0001 5.857 to 12.567
Nestin 9.030 1.136 <0.0001 5.440 to 12.621
CD44 3.955 1.348 0.0973 —-0.309 to 8.218
CD44v6 8.318 1.307 <0.0001 4.187 to 12.450
PARP-1 versus CD166 14.712 1.834 <0.0001 8.914 to 20.510
CD133 15.409 2.067 <0.0001 8.874 to 21.945
Nestin 15.227 1.647 <0.0001 10.018 to 20.436
CD44 10.152 2.388 0.0015 2.600 to 17.703
CD44v6 14.515 2.355 <0.0001 7.069 to 21.961
CD166 versus 7CD133 0.697 0.863 1.0000 —2.031 to 3.425
Nestin 0.515 1.153 1.0000 —3.130 to 4.161
CD44 -4.561 1.110 0.0024 -8.070 to —-1.051
CD44v6 -0.197 1.171 1.0000 —3.900 to 3.506
CD133 versus Nestin -0.182 1.341 1.0000 -4.421 to 4.057
CD44 —-5.258 0.773 <0.0001 —-7.702 to -2.813
CD44v6 —-0.894 0.771 1.0000 —3.333 to 1.545
Nestin versus CD44 -5.076 1.550 0.0356 -9.976 to -0.175
CD44v6 -0.712 1.533 1.0000 -5.559 to 4.135
CD44 versus CD44v6 4.364 0.438 <0.0001 2.978 to 5.749

Cl, Confidence interval.
*Bonferroni corrected.

TUMOUR HETEROGENEITY AND EXPRESSION OF
STEM CELL MARKERS IN OSCCs

The presence of non-cycling CSCs, which are inher-
ently resistant to chemotherapy and radiotherapy,
greatly contributes to the metastasizing ability of
cancers. > %58 Unfortunately, CSCs may be hetero-
geneous from patient to patient and within each tumour
type and single tumour clones.’®>~% Moreover, given
that, currently, specific markers are not able to unequiv-
ocally distinguish CSCs from their differentiating prog-
eny and their normal tissue counterparts, the goal of
specifically targeting CSCs, avoiding unwanted toxicity

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.

to normal stem cells, seems far from being reached.’***

The metastasizing OSCCs of our study showed high
cellular levels of CD133, CD44, CD44v6, and CD166;
their coexpression, rather than being specifically clus-
tered in a constant fashion, was randomly distributed.
This finding is reminiscent of the variable combination of
expression between a stem cell marker (CD44) and other
stem cell markers, as recently reported for head and neck
squamous cell carcinoma, and fits with the hypothesis
that CSC evolution is a continuous dynamic process,
which constantly leads to new generations of CSCs with
genetic and/ or epigenetic changes favouring metastatic
potential.'>** Among all of the stem cell markers that
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Table 7. Expression levels for CAF-1/p60, PARP-1 and nestin

CAF-1 PARP-1 Nestin N R M D RM MD RMD
Low Low Low 7 0 0 0 0 0 0
High 9 0 0] 0 0] 0 0
High Low 10 0 0 0 0 0 0
High 7 0 0 0 0] 0 0
High Low Low 5 0 0 0 0] 0 0
High 7 0 0 0 0] 0] 0]
High Low 7 0 0 0 0 0 0
High 14 2 1 5 1 1 4

D, Death from disease; M, metastasis; N, number count; R, relapse.

Table 8. Correlation between CAF-1 p60, PARP-1 and
nestin ‘triple-high’ expression and the occurrence of an
adverse event

Any event R M D
P 0.00 <0.0001  <0.0001  <0.0001
Sensitivity ~ 1.00 1.00 1.00 1.00
Specificity ~ 1.00 0.88 0.88 0.93

D, Death from disease; M, metastasis; R, relapse.

we evaluated, only nestin was maximally expressed in
100% of metastasizing OSCCs. According to this point of
view, the nestin™#" CSCs should be considered to be the
result of the selection of a metastatic clone among the
heterogeneous pool of OSCC cells expressing stem cell
markers.

PARP-1 AND CAF-1/P60 EXPRESSION IN OSCCs

PARP-1 and CAF-1/p60 nuclear proteins cross-talk
with several molecular pathways involved in histone
acetylation. The poly(ADP-ribosyl)ation of histones
effectively functions like acetylation, maintaining chro-
matin nucleosomes in a fully relaxed, transcriptionally
active state. Either PARP-1°°7%% or CAF-1/p60>'3*
overexpression has been reported in multiple types of
cancer, and this has been related to histopathological
grade and/or adverse clinical behaviour. Their expres-
sion could help tumour cells to withstand genotoxic
stress, by increasing their resistance to DNA-damaging
agents, and may result in radoresistance and chemo-

resistance. In the OSCCs analysed, the metastasizing
group showed striking immunoreactivity for both CAF-
1/p60 and PARP-1, either on tissue sections or in
tumour protein lysates. Accordingly, the protein
expression analysis of HN, BHY and CAL33 cells
showed increased amounts of CAF-1/p60 and PARP-
1 in OSCCs with respect to controls. These data are in
agreement with previous reports of CAF-1/p60 and
PARP-1 as markers of adverse biological behaviour in
oral and head and neck squamous cell carcinomas.>>®?
Moreover, we found that full-length PARP-1 increased
progressively from controls to primary tumours and
cancer cell lines, constituting the only detectable
PARP-1 form in metastatic tissue. This finding is in
line with results from previous studies performed by
our team on human skin melanomas, showing the
existence of a direct correlation between melanoma cell
aggressiveness and overexpression of full-length PARP-
1, evaluated by western blot analysis, and with the
reported strong reduction of PARP-1 cleavage in
cisplatin-resistant melanoma cell lines.”’ As in the
case of skin melanoma, our findings suggest that
inhibition of the PARP-1-mediated apoptotic process
may also be involved in the worst behaviour of a subset
of OSCCs, as the cleaved form of PARP-1 is nearly
undetectable in metastatic cases. As is common
knowledge, cleavage of the stable 85-kDa fragment
from full-length PARP-1 is a caspase-mediated early
apoptotic event. Conversely, full-length PARP-1 facil-
itates the survival of proliferating cells under conditions
of DNA damage, mainly via DNA base-excision repair,
acting as a negative regulator of genome instability in
both normal and neoplastic cells.”'™"> Biirkle et al.”*
showed that overexpression of full-length, wild-type

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.



PARP-1 in transfected hamster cells led to a striking
cytoprotective effect, by suppression of DNA damage-
induced genomic instability in proliferating cells
exposed to genotoxic stress. Moreover, a recent meta-
analysis carried out in a large retrospective gene
expression dataset revealed that both PARP-1 mRNA
and PARP-1 evaluated by immunohistochemistry were
overexpressed in the subset of breast cancer with the
worst prognosis, in terms of metastasis-free survival
and overall survival. This led to the conclusion that
nuclear PARP-1 overexpression is an independent
prognostic factor for disease-free and overall survival
of patients. They hypothesized that PARP-1 overex-
pression, in some cases, may result from defective
PARP-1 cleavage, resulting in reduced tumour apop-
tosis (see also the previous report of Tang et al.).”>7”>
Similar results were obtained in a study of ovarian
cancer.”® We have demonstrated, for the first time, that
metastasizing OSCCs are characterized by constant
high expression of PARP-1 (almost entirely full-length)
coupled to hyperexpression of CAF-1/p60 and nestin,
regardless of the grade and size of tumours at diagnosis.

HPV STATUS AND MOLECULAR PHENOTYPE OF OSCCs

The link between persistent HR HPV infection and the
development of preneoplastic and cancerous lesions of
human mucosal epithelia is well known. In head and
neck cancers, a clear relationship between HR HPV
infection and oropharyngeal cancer has been shown,
whereas the data concerning the link between HPV
and oral cancer are still not conclusive. The reported
prevalence of HPV in oral epithelial neoplastic and
preneoplastic lesions ranges from 30% to 86%.”” %2
This could be attributable to the lack of standardization
of the criteria used for population selection among the
different studies. In addition, a meta-analysis of 94
studies investigating 4680 OSCCs revealed that a
significantly higher frequency of HPV infection was
found if PCR techniques were used than when South-
ern blot, dot blotting and in-situ hybridization were
employed.”” Nevertheless, these findings are in agree-
ment with the hypothesis that HPV may act as an
initiator of epithelial proliferation in oral carcinogen-
esis, independent of the anatomical subsite (tongue,
gingiva, cheek, and oral floor).”””#81:%3 Our data
provide useful information about the molecular events
underlying the biology of HPV-positive 0SCC.5* The 10
HPV-positive OSCCs of our series had low to moderate
expression of CAF-1/p60 and PARP-1, and never
showed statistically significant immunoreactivity for
stem cell markers. This observation may contribute to
explaining the high rate of responsiveness to radio-

© 2012 Blackwell Publishing Ltd, Histopathology, 61, 1089-1105.

PARP-1, CAF-1 p60 and stem cells in OSCC 1101

therapy of HPV-positive head and neck and oral
squamous cancers. HR HPV E7 oncoprotein binds
and degrades Rb protein, leading to an increase in
p16™&44 Jevels and to deregulated tumour cell prolif-
eration.*>®> Stem cells normally reside in a hypoxic
niche, where self-renewal and differentiation activity
are balanced. When cell proliferation becomes a
dominant feature, the expansion of progenitor cells
can also occur. This could result in stem cell pool
exhaustion.®® The barely detectable level of HPV-
positive OSCC cells with a CSC phenotype may then
represent the consequence of continuous HPV-induced
p16™&* overexpression which might, in the long
term, cause defects in the maintenance of stem cell self-
renewal ability in these tumours. This hypothesis is in
line with the reported long time lag (from 15 to
30 years) between an oral HPV infection and the
development of HPV-related OSCC, and with the
reported major impact of p16INK4"‘ expression on
response to treatment and overall survival of patients
with head and neck cancer treated using conventional
radiotherapy.®”®® Low levels of PARP-1 and CAF-
1/p60 with the absence of a significant number of
HPV-positive tumour cells showing a CSC phenotype
could therefore explain the reduced DNA-repair ability
and radioresistance that characterizes this subgroup of
OSCCs.

PROGNOSTIC AND THERAPEUTIC IMPLICATIONS

The significant association between the PARP-1""/
CAF-1 p60"e" /nestin™®® phenotypes allows us to
hypothesize that it could represent an epiphenomenon
of the metastasizing CSC (mCSC) compartment of
HPV-negative OSCCs. This finding may have relevance
for clinical practice. In fact, it is now recognised that
inhibition of PARPs leads to impairment of DNA
double-strand-break repair, enhancing the cytotoxic
effects of ionizing radiation and DNA-damaging che-
motherapeutic agents.'®*??° In addition, CAF-1/p60
has recently emerged as a promising target, inhibition
of which could lead to cell death in aggressive
tumours.>>3® This hypothesis has been further sup-
ported by the results of the cell death assay on HaCat
and CAL33 cells that we performed with CAF-1 p60
siRNA and the PARP-1 inhibitor PJ34. Both PJ34 and
CAF-1/p60 siRNA exerted a striking effect in each cell
line, as compared with untreated cells, that was most
marked in CAL33 cells. This result suggests that the
cooperative effect between PARP-1 and CAF-1/p60
inhibitors is dampened in malignancy. In the near
future, the association of ionizing radiation with radio-
enhancing anti-PARP-1 and/or anti-CAF-1/p60
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agents may provide an opportunity to bypass the
radioresistance of OSCC mCSCs, minimizing side effects
in surrounding normal tissues.””! 0SCC immuno-
histochemical ~screening for PARP-1"#"/CAF-1
p60"Eh /nestin™®® tumours could identify the highly
radioresistant/chemoresistant cancers that would ben-
efit from new molecular therapies, allowing a reduction
in the severe morbidity and poor long-term survival of
0OSCC patients.”? It is clear that there is still much to learn
about OSCC biology. The occurrence of subsets of
phenotypically distinct CSCs in primary tumours has
been correlated with their aggressive behaviour.'®
However, the ultimate role of heterogeneity within the
cancer cell population in determining tumour biology
and the response to radiotherapy and chemotherapy
remains to be fully clarified, before definitive decisions
about the best stratification factors for personalized
algorithms of OSCC treatment can be made.”> Improved
refining of the CSC population phenotype is necessary.
We are aware that the arbitrariness of the cut-off scores
for determining the positivity of potential tumour
markers can hamper their prognostic value. So far,
standardized scoring systems for evaluating immuno-
histochemistry in OSCC are lacking. It has been demon-
strated that evaluation of immunoreactivity by using the
percentage of positive tumour cells may be considered a
reproducible scoring method with strong interobserver
agreement. We preferred, instead, to use an unbiased
method such as the median, to avoid potential bias
through the use of less appropriate thresholds. Observer
variation reached the acceptable standard for accurate
assessment of protein expression.94

To the best of our knowledge, this is the first report of
simultaneous overexpression of CAF-1 p60, PARP-1
and stem cell markers in a malignant tumour. Our data
indicate that the interaction between PARP-1, CAF-
1/p60 and nestin may constitute a specific hallmark of
the aggressiveness of OSCCs. The high concordance
between the expression levels of all of the evaluated
proteins in whole sections and in TMAs may allow the
rapid extension of the immunohistochemical evalua-
tion of these markers to larger series of cases, favouring
the adoption of screening for these proteins in the
clinical setting. This may have important consequences
for OSCC patients, providing us with novel candidate
drug targets for reducing the number of deaths caused
by the ineffective treatment of metastatic disease.
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