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Abstract: XPG (Xeroderma pigmentosum group G complementing factor) is a protein associated with DNA repair
and transcription. Point mutations in ERCC5, the gene coding for XPG, cause the cancer-prone disorder xeroderma
pigmentosum (XP) while truncation mutations give rise to individuals with the combined clinical features of XP
and Cockayne syndrome. Polymorphisms of ERCC5 or alterations in XPG mRNA expression were also associated
to an increase risk of different cancers types and to prognosis of cancer patients. However, the expression of XPG
protein in different normal or tumor human tissues is not well known. In the present work, we have validated an
immunohistochemistry (IHC) assay for detection of expression levels of XPG protein in FFPE human tissue samples.
We have also tested this IHC assay in different normal and tumor human tissues. On a microarray containing 28
normal cores, positive staining was observed in 60% of the samples. The highest staining was detected in adrenal
gland, breast, colon, heart, kidney, thyroid and tongue. In tumors, positive staining was observed in 9 of 10 breast
cancer samples and in all 5 ovarian cancer and 5 sarcomas samples. Subcellular localization was predominantly
nuclear. The use of this validated methodology would help to interpret the role of XPG in tumorogenesis and its use
as a possible prognostic or predictive factor.
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Introduction the DNA repair machinery as it is a key member

of the Nucleotide-Excision Repair (NER) path-
The genome of eukaryotes is constantly being way [6]. XPG, encoded by the Excision repair
threatened by environmental agents (e.g. UV cross-complementation group 5 (ERCC5) gene,
light, mutagenic chemicals and ionizing radia- is a structure-specific 3-endonuclease, mem-
tion) or endogenous cellular metabolites (e.g. ber of the Fen-1 protein family [7-9]. In addition,
reactive oxygen species) which can interact XPG has been implicated in RNA transcription
with and modify the DNA structure [1, 2]. Some through its tight physical interaction with the
of these modifications affect the DNA bases transcription activator complex [11, 12].
while others can lead to the formation of single Moreover, in vitro data also suggests a role for
or double DNA strand breaks. These alterations XPG in the repair of oxidative DNA lesions by a
in DNA can disrupt the replication and tran- NER-independent pathway mediated by its
scription processes or induce cellular dysfunc- intrinsic single strand annealing activity that is
tions, such as genetic instability and mutagen- independent of its nuclease activity [13]. Finally,
esis. The removal of these lesions is thus a vital it was recently published that XPG has a direct
process for every single cell. For this purpose, interaction with WRN protein, a 3'-5" RECQ-like
cells are equipped with complex and intercon- DNA helicase that participates in multiple DNA
nected DNA repair pathways that detect and transactions during replication [13].

remove potentially lethal DNA lesions [1, 3-5].
Point mutations in ERCC5 that inactivate the

XPG (Xeroderma p'igmentosgm group G com- XPG endonuclease function cause the cancer-
plementing factor) is a protein associated with prone, sun-sensitive disorder xeroderma pig-
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Figure 1. Expression of XPG protein in HeLa and Hela/
XPG cell lines by western blot (A), immunofluorescence
(B) and immunohistochemistry (C). For A: cell lines were
washed, lysed and electroblotted to PVDF membranes.
Membranes were sequentially probed with primary and
appropriate secondary antibodies. For B: cells were fixed
and immunostained for XPG (red fluorescence); nuclei
were visualized with Hoechst 33342 (blue fluorescence).
For C: cells were fixed, processed, and embedded into
paraffin.
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Table 1. Anti-XPG expression using nine different antigen retrieval pretreatment conditions in a breast
cancer specimen

Pretreatment % Cell staining at each Intensity % Pos Stromal staining
0 1 2 3
#1 100 0 0 0 0 1+
#2 100 0 0 0 0 0
#3 2 78 20 0 98 1+
#4 10 90 0 0 90 0
#5 92 5 0 3 8 2+
#6 20 80 0 0 80 0
#7 10 90 0 0 90 1+
#8 3 94 3 0 97 1+
#9 100 0 0 0 0 0

% pos, percentage of positive cells. #1: untreated; 2#: proteinase K (Dako) for 5 minutes at room temperature (RT); #3: HIER
using High Tide buffer for 40 minutes at 95°C in a water bath; #4: HIER using Red Tide buffer (Mosaic Laboratories) for 40 min-
utes at 95°C in a water bath; #5: HIER using Rip Tide buffer for 40 minutes at 95°C in a water bath; #6: HIER using Green Tide
buffer (Mosaic Laboratories) for 40 minutes at 95°C in a water bath; #7: HIER using Diva buffer (Biocare Medical, Concord, CA)
for 40 minutes at 95°C in a water bath; #8: HIER using Diva buffer with a decloaker set for 30 seconds at 125 °C; #9: offshore
Buffer (Mosaic Laboratories) for 10 minutes at RT.

mentosum (XP) while truncation mutations in therapeutic agents [15-20]. Most of these
the ERCC5 gene give rise to individuals with the works determined ERCC5 expression at the
combined clinical features of XP and Cockayne DNA or mRNA level. However, the expression of
syndrome (CS), a disorder associated with XPG protein in different normal or tumor human
developmental and neurological abnormalities tissues is not well known. Here we present the
[14]. Alterations in XPG expression were also results concerning the validation and expres-
associated to an increase risk of different can- sion of XPG protein in human normal and tumor
cers types and to drug resistance to chemo- samples by immunohistochemistry (IHC).

200 Int J Clin Exp Pathol 2013;6(2):199-211



XPG expression in tumor tissues

Table 2. Anti-XPG titration analysis in a breast cancer specimen

Titration % Cell staining at each Intensity Iso S % Pos Stroma
0 1 2 3

5.0 yg/mL 2 68 30 0 1+ 98 1+

2.5 ug/mL 8 92 0 0 0 92 1+

1.25 pyg/mL 40 60 0 0 0 60 0

0.62 ug/mL 100 0 0 0 0 0 0

0.31 pg/mL 10 0 0 0 0 0 0

Iso S, isotype staining; % pos, percentage of positive cells; Stroma, stroma staining.

Material and methods
Reagents

The XPG rabbit polyclonal antibody was pur-
chased from Bethyl Laboratories (Montgomery,
TX) and stored at 2-8°C in accordance with
accompanying documentation. The rabbit 1gG
isotype control antibodies were purchased
from BD Pharmingen (San Diego, CA) and from
Dako (Carpinteria, CA). These antibodies were
stored at 2-8°C in accordance with accompany-
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Figure 2. Photomicrographs of XPG titration analysis in
a breast cancer specimen. A: concentration #1; B: con-
centration #2; C: concentration #3; D: concentration #4;
E: concentration #5.

ing documentation. The Alexa Fluor 594 conju-
gated goat anti-rabbit 1gG (H+L) antibodies
were purchased from Molecular Probes.
Hoechst was purchased from Sigma (St. Louis,
MO, USA).

Cell lines and tissue samples

HelLa cells were obtained from ATCC (CCL-2)
and are derived from an adenocarcinoma of the
cervix. The XPG-specific knockdown cell line,
XPG Hela SilenciX® (HelLa/XPG), was
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Table 3. Anti-XPG precision analysis in tumor tisues on 5 separate days

Tumor type % Cell staining at each Intensity % Pos Max S| H-S
0 1 2 3
Day 1
Breast 5 10 84 1 95 3+ 181
Breast 10 80 10 0 90 2+ 100
Ovary 5 64 30 1 95 3+ 127
Sarcoma 15 74 10 1 85 3+ 97
Day 2
Breast 6 20 74 0 94 2+ 168
Breast 10 80 10 0 90 2+ 100
Ovary 5 74 20 1 95 3+ 117
Sarcoma 12 72 15 1 88 3+ 105
Day 3
Breast 4 10 85 1 96 3+ 183
Breast 15 74 10 1 85 3+ 97
Ovary 5 64 30 1 95 3+ 127
Sarcoma 20 62 17 1 80 3+ 99
Day 4
Breast 5 15 79 1 95 3+ 176
Breast 15 74 10 1 85 3+ 97
Ovary 5 69 25 1 95 3+ 122
Sarcoma 20 64 15 1 80 3+ 97
Day 5
Breast 5 15 79 1 95 3+ 176
Breast 15 74 10 1 85 3+ 97
Ovary 5 69 25 1 95 3+ 122
Sarcoma 21 63 15 1 79 3+ 96

% pos, percentage of positive cells; Max SI, maximal staining intensity; H-S, H-score.

Table 4. XPG IHC expression in 28 human normal tissues

Tissue type % Cell staining at each Intensity % Pos Max S H-S
0 1 2 3
Adrenal G 25 70 5 0 75 2+ 80
Breast 15 85 0 0 85 1+ 85
Cerebellum 90 10 0 0 10 1+ 10
Cerebrum 99 1 0 0 1 1+ 1
Cervix 100 0 0 0 0 0 0
Colon 35 65 0 0 65 1+ 65
Esophagus 100 0 0 0 0 0 0
Heart 40 30 30 0 60 2+ 90
Kidney 65 20 15 0 35 2+ 50
Liver 100 0 0 0 0 0 0
Lung 100 0 0 0 0 0 0
Skeletal M 100 0 0 0 0 0 0
Smooth M 100 0 0 0 0 0 0
Ovary 100 0 0 0 0 0 0
Pancreas 100 0 0 0 0 0 0
Parathyroid 100 0 0 0 0 0 0
Pitituary 100 0 0 0 0 0 0
Prostate 100 0 0 0 0 0 0
Salivary G 90 10 0 0 10 1+ 10
Skin 90 10 0 0 10 1+ 10
Spleen 90 10 0 0 10 1+ 10
Stomach 90 10 0 0 10 1+ 10
Testis 85 15 0 0 15 1+ 15
Thymus 95 5 0 0 5 1+ 5
Thyroid 35 65 0 0 65 1+ 65
Tongue 40 60 0 0 60 1+ 60
Tonsil 85 15 0 0 15 1+ 15
Uterus 95 5 0 0 5 1+ 5

% pos, percentage of positive cells; Max SI, maximal staining intensity; H-S, H-score; adrenal G, adrenal gland; skeletal m, skel-
etal muscle.
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Figure 3. Expression of XPG protein in human normal tissues. A: adrenal gland; B: breast; C: cerebellum; D: cere-
brum; E: cervix; F: colon; G: esophagus; H: heart; I: kidney; J: liver; K: lung; L: skeletal muscle; M: smooth muscle; N:
ovary; O: pancreas; P: parathyroid; Q: pituitary; R: prostate; S: salivary gland; T: skin; U: spleen; V: stomach; W: testis;
X: thymus; Y: thyroid; Z: tongue; AA: tonsil; BB: uterus. Selected photomicrographs were performed at 20X. Staining

was performed on a tissue microarray.

purchased from Tebu-Bio (cat#01-00133).
Both cell lines were maintained in D-MEM
supplemented with 10% FCS and 100Uml-1
penicillin and streptomycin at 37°C and 5%
CO,. For IHC, the viably frozen stock from Hela
and Hela/XPG were thawed, cultured, fixed,
processed, and embedded into paraffin in
accordance with Mosaic Laboratories’ Standard
Operating Procedures (SOPs).

Human normal and human cancer formalin-
fixed, paraffin embedded (FFPE) material was
provided by Mosaic Laboratories. Tissues were
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procured under an IRB-reviewed protocol
(MOS001) that allows for use of remnant, de-
identified, or anonymized human samples for in
vitro analysis under the guidelines defining
Exemption from Human Subject Research as
defined by the Office of Human Research
Protection (U.S.A).

Western blotting
After washing the cells in PBS, lysis buffer (20

mM Tris-HCI (pH 7.5), 150 mM NaCl, 1% (v/v)
Nonidet P-40, 2 mM EDTA, 1 mM PMSF, 10 mg/
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Table 5. XPG IHC expression in tumor tissues

Tumor type % Cell staining at each Intensity % Pos Max Sl H-S
0 1 2 3
Breast 1 66 33 0 99 2+ 132
Breast 100 0 0 0 0 0 0
Breast 75 25 0 0 25 1+ 25
Breast 89 10 1 0 11 2+ 12
Breast 90 10 0 0 10 1+ 10
Breast 95 5 0 0 5 1+ 5
Breast 95 5 0 0 5 1+ 5
Breast 20 80 0 0 80 1+ 80
Breast 94 6 0 0 6 1+ 6
Breast 92 8 0 0 8 1+ 8
Ovary 90 10 0 0 10 1+ 10
Ovary 95 5 0 0 5 1+ 5
Ovary 85 15 0 0 15 1+ 15
Ovary 40 58 2 0 60 2+ 62
Ovary 90 10 0 0 10 1+ 10
Sarcoma 57 42 1 0 43 1+ 44
Sarcoma 90 10 0 0 10 1+ 10
Sarcoma 45 50 5 0 55 2+ 60
Sarcoma 95 5 0 0 5 1+ 5
Sarcoma 99 1 0 0 1 1+ 1

% pos, percentage of positive cells; Max SI, maximal staining intensity; H-S, H-score.

ml aprotinin, and 10 mg/ml leupeptin) was
added and plates kept on ice for 15 min. Cell
extracts were collected and cleared by micro-
centrifugation at 14000 g for 15 min at 4°C.
Equal amount of proteins were resolved in SDS-
PAGE and electroblotted to PVDF membranes
(Immobilon-P, Millipore) following standard
techniques. Membranes were sequentially
probed with primary and appropriate second-
ary (horseradish-peroxidase-conjugated) anti-
bodies following the manufacturer’s instruc-
tions. Antibody-antigen complexes were
detected using the ECL system (Amersham
Pharmacia Biotech).

Immunofluorescence

Cells were fixed (4% paraformaldehyde), per-
meabilized (0.1% Triton X-100) and incubated
with the primary anti-XPG rabbit polyclonal anti-
body (dilution 1/150) for 1 h at 37°C. Then,
cells were washed and incubated with the sec-
ondary anti-rabbit antibody conjugated with
AlexaFluor 594 (dilution 1/100). Finally, the
slides were incubated with Hoechst 33342 1
pg/ml and mounted with Mowiol mounting
medium. Pictures were taken with a Leica DM
IRM fluorescence microscope equipped with a
100x oil immersion objective and a DFC 340 FX
digital camera (Leica, Wetzlar, Germany).

Immunohistochemistry

IHC was performed at Mosaic Laboratories.
The procedure for IHC analysis of XPG with DAB
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was performed using manual detection at room
temperature (RT). Tissues were sectioned at 4
micron thickness, mounted onto positive-
charged glass slides, dried, baked, deparaf-
finized, and rehydrated. Following rehydration,
tissue sections were incubated in Envision
Peroxidase (Dako) for 5 minutes to quench
endogenous peroxidase. Tissue sections then
underwent pretreatment using High Tide
(Mosaic Laboratories, Lake Forest, CA) for 40
minutes in a water bath set to 95°C followed by
arinse in Splash-T Buffer (Mosaic Laboratories).
Slides were incubated with anti-XPG antibody
diluted to 2.5 pg/mL in antibody diluent (Dako)
for 30 minutes. Slides were then rinsed twice in
Splash-T Buffer for 5 minutes each followed by
detection using the Envision+ Rabbit HRP
Detection Kit (Dako) for 30 minutes. Slides
were rinsed twice with Splash-T Buffer for 5
minutes each followed by incubation with DAB
(Dako) for 5 minutes. Slides were rinsed with
water, counterstained with hematoxylin (Dako),
blued in ammonia water, dehydrated through
graded alcohols, cleared in xylene, and
coverslipped.

Data analysis

Staining of human tissue was evaluated by a
pathologist and evaluation of reactivity involved
a combination of the following: cellular localiza-
tion of staining, staining intensity, subcellular
localization, and percentage of cells staining in
the primary component of the tissue type of
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interest. The XPG assay was evaluated on a
semi-quantitative scale, and the percentage of
cells staining at each of the following four levels
was recorded: O (unstained), 1+ (weak stain-
ing), 2+ (moderate staining) and 3+ (strong
staining). Slides were scanned using an Aperio
ScanScope CS system (Aperio) to produce
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in human tumor tissues. A-J: breast

cancer samples; K-O: ovarian can-
“.cer samples; P-T: sarcoma samples.
~Staining was performed on whole tis-

whole slide images. Representative 20X image
of staining are shown in the different figures.
Staining of Hela cell lines was evaluated by
image analysis using ImageScope software
(Aperio). The nuclear algorithm (Aperio, Vista,
CA) was used to enumerate the number of cells
that stained positive and the intensity at which
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they stained. This algorithm serves as an
approximate method to quantify the number of
stained cells and report results as the percent
of total cells within the region of interest that
are stained at each intensity level. An H-score
was calculated based on the summation of the
product of percent of cells stained at each
intensity using the following equation: (3 x %
cells staining at 3+) + (2 x % cells staining at 2+)
+ (1 x % cells staining at 1+).

Results

XPG immunohistochemistry validation assay in
human tumor cell lines

We firstly characterized the protein expression
of XPG in HeLa cells and its XPG-specific knock-
down derivative, HeLa/XPG, by western blot. As
shown in Figure 1A, and as expected, HelLa/
XPG cells presented a decreased expression of
XPG compared to Hela cells. This was later cor-
roborated by immunoflourescence (Figure 1B).

IHC was then performed using these 2 charac-
terized Hela cell lines. These were evaluated
by image analysis using a nuclear algorithm.
The IHC image analysis results matched expec-
tations. Photomicrographs of both cell lines are
provided in Figure 1C. The percentage of posi-
tive HelLa control cells stained for XPG was
94.9. In this cell line, staining intensity was
observed for 5.1%, 22%, 45.2% and 27.7% of O,
1+, 2+ and 3+, respectively. These represented
an H-score of 195.6. The percentage of posi-
tive HeLa/XPG cells stained for XPG was 51.8.
In this cell line, staining intensity was observed
for 48.2%, 18.2%, 23.3% and 10.3% of O, 1+,
2+ and 3+, respectively. These represented an
H-score of 95.6.

XPG immunohistochemistry validation assay in
human samples

An antigen retrieval or pretreatment analysis of
XPG was performed using a breast cancer
specimen with various epitope retrieval meth-
ods. The procedure was performed with the fol-
lowing pretreatments: 1) no pretreatment; 2)
Proteinase K (Dako) for 5 minutes at RT; 3)
HIER using High Tide buffer for 40 minutes at
95°C in a water bath; 4) HIER using Red Tide
buffer (Mosaic Laboratories) for 40 minutes at
95°C in a water bath; 5) HIER using Rip Tide
buffer for 40 minutes at 95°C in a water bath;
6) HIER using Green Tide buffer (Mosaic
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Laboratories) for 40 minutes at 95°C in a water
bath; 7) HIER using Diva buffer (Biocare
Medical, Concord, CA) for 40 minutes at 95°C
in a water bath; 8) HIER using Diva buffer with a
decloaker set for 30 seconds at 125°C; and 9)
Offshore Buffer (Mosaic Laboratories) for 10
minutes at RT. Untreated, proteinase K, Riptide
and Offshore Buffer showed less than 10%
staining and were discarded. Of the others, the
greatest staining intensity and percent positive
were observed with High Tide for 40 minutes at
95°C in a waterbath, and thus, this was select-
ed for further experiments (Table 1). An anti-
body titration analysis was then performed
using the same breast cancer specimen with
serial dilutions of XPG antibody from 5.0 ug/mL
to 0.3125 pg/mL (Table 2). Photomicrographs
of titration analysis are provided in Figure 2.
Based on these results, 2.5 ug/mL was select-
ed for further experiments due to maximum sig-
nal to noise.

The precision of an immunohistochemistry
assay is a combination of assay variance, tis-
sue section and tissue architecture variance,
and pathologist interpretation variance. Since
the tissue varies from section to section, no
two slides can be exactly alike. It is important to
assess variance in the assay to determine the
statistical significance of differences observed
between tissues. A precision analysis was then
performed using the optimized XPG IHC assay
on 2 breast cancer, 1 ovarian cancer, and 1 sar-
coma tissues on 5 separate days (Table 3). The
mean percentage of staining, mean maximal
intensity and mean H-Score of the 4 samples
was 89.8+5.4%, 3+0 and 124+31, respective-
ly. The average percent coefficient of variation
(CV) was 2.1+1.8% for total positive staining,
0.00% for staining intensity, and 3.01+0.7% for
H-Score.

XPG expression in human tissues as detected
by immunohistochemistry

XPG expression in human tissues was firstly
determined on a microarray containing 28 nor-
mal cores. Results are shown in Table 4 while
representative photomicrographs are provided
in Figure 3. Globally, expression of XPG ranged
from 0% to 85% with an average of 19+27%.
Maximal staining intensity was 2+. Mean
H-Score was 20.9+30. Subcellular localization
was predominantly nuclear, although cytoplas-
mic staining was observed in 5 specimens
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(adrenal gland, heart, kidney, cerebellum and
cerebrum).

The following tissues presented a moderate to
high XPG expression, represented as an
H-Score >50: adrenal gland, breast, colon,
heart, kidney, thyroid and tongue. Interestingly,
adrenal gland, heart and Kkidney samples
showed nuclear and cytoplasmic staining inten-
sity of 2+. In the colon and tongue samples,
macrophages showed 1+ nuclear staining. In
these samples, endothelial cells, smooth mus-
cle, fibroblasts and stroma were not stained
and considered as showing negative
expression.

The following tissues showed a weak XPG
expression, represented as an H-Score <50:
cerebellum, cerebrum, salivary gland, skin,
spleen, stomach, testis, thymus, tonsil and
uterus. Of note, cerebellum and cerebrum
showed nuclear and cytoplasmic expression. In
the first case, stained cells were mostly in gran-
ular layer. In the salivary gland, thymus and ton-
sil samples, macrophages showed 1+ nuclear
staining. In the uterus sample, smooth muscle
cells showed 1+ nuclear staining. In thymus,
35% of cells of Hassall's corpuscles had 1+
nuclear staining.

The following tissues were considered as pre-
senting negative expression: cervix, esopha-
gus, liver, lung, skeletal muscle, smooth mus-
cle, ovary, pancreas, parathyroid, pituitary, and
prostate. Interestingly, in the esophagus sam-
ple, smooth muscle cells showed 1+ positive
staining. In the pancreatic sample, 100% of
ductal cells had 1+ nuclear staining while 100%
acini cells had a blush staining. Finally, in the
lung and the ovary samples, stroma presented
1+ positive staining. Of note, in both samples
macrophages showed 1+ cytoplasmic staining.

XPG expression in human tumor samples as
detected by immunohistochemistry

XPG expression was also evaluated on 10
breast cancer, 5 ovarian cancer, and 5 sarcoma
specimens. Results are shown in Table 5.
Representative photomicrographs are provided
in Figure 4. Globally, expression of XPG ranged
from 0% to 99% with an average of 23.1+28%.
Maximal staining intensity was 2+. Mean
H-Score was 25.2+34. Subcellular localization
was predominantly nuclear and 3 samples also
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demonstrated cytoplasmic staining (2 breast
cancer and 1 sarcoma).

In breast cancer samples, staining ranged from
0% to 99% with an average of 25+34%. Positive
staining was present in 9/10 samples. Of these
positive samples, only two samples presented
an H-Score =250 (Table 5). One of these sam-
ples showed a 2+ positive nuclear staining. Of
note, in all positive samples, macrophages
showed 2+, or even, 3+ nuclear staining. Other
non-tumor cells showing a positive staining
were endothelial cells (4/9 positive samples),
smooth muscle (1/9 positive samples) and
fibroblasts (7/9 positive samples). This last cell
subtype showed 1+ (4 cases) or 2+ staining (3
cases). The negative sample did not show any
staining in non-tumor cells.

In ovarian cancer samples, staining ranged
from 5% to 60% with an average of 20+22%.
Although positive staining was present in all
samples, only one presented an H-Score >50.
Of the analyzed non-tumor cell types, macro-
phages presented the higher expression (2+
and 3+) while fibroblasts showed moderate (1+
and 2+) and endothelial cells weak (1+) expres-
sion. In sarcoma samples, staining ranged from
1% to 55% with an average of 23+24%. Although
positive staining was present in all samples,
only one presented an H-Score >50. As in
breast and ovarian cancer samples, macro-
phages presented the higher expression (1+
and 2+) of other non-tumor cell types.
Endothelial cells and fibroblasts showed 1+
staining.

Discussion

The purpose of this study was to validate an
immunohistochemical assay for XPG protein
using a commercially available antibody for use
in FFPE human tissues and to analyse its
expression in human normal and cancer sam-
ples. The optimal pretreatment procedure to
maximize staining was determined by testing 9
different antigen retrieval techniques. The opti-
mal primary antibody titer was selected to max-
imize signal to noise through analysis of a
breast cancer tissue while assay precision was
determined in 2 breast cancer, 1 ovarian can-
cer, and 1 sarcoma tissues on 5 different days.
These experiments established that the best
IHC assay was: pretreament of samples with
High Tide for 40 minutes at 95°C in a water-
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bath and staining using a 2.5 yg/mL antibody
dilution. The optimized assay was then validat-
ed by staining 2 tumor cell lines. Once validat-
ed, the differential expression of XPG was
determined in 28 normal tissues and 20 tumor
tissues consisting of 10 breast, 5 ovarian, and
5 sarcoma cancer samples.

XPG is one of multiple proteins that are mem-
bers of the NER system in mammalian cells [6].
The NER pathway is involved in DNA repair and
allows tumor cells to survive DNA damage
caused by ultraviolet light or different genotox-
ins such as anticancer therapeutic agents [21,
22]. Briefly, after DNA damage recognition, the
sequential action of NER helicases and endo-
nucleases open the double helix and cleave the
damaged strand few bases away from the
lesion. This is followed by the removal of the
DNA segment containing the lesion, DNA gap
filling using the intact strand as template and
restoration of the chromatin structure [1, 12,
23]. During this process, XPG functions as a
structure-specific endonuclease that cleaves
DNA bubbles and flaps near the junctions of
single-stranded and double-stranded DNA with
specific polarity [10, 24, 25]. XPG endonucle-
ase activity has no preference for the sequenc-
ing of DNA damage. At the site of injury, NER
complex proteins create a DNA bubble of an
approximate length of 25 nucleotides. XPG
cuts the DNA damage between 0-2 nucleotides
below 3’ of the double-fork single-stranded
chain. The cells that do not express ERCC5/
XPG are inefficient in repairing damage to DNA.

XPG also binds strongly to various structured
DNAs that it does not cleave, implying separate
biological functions for its binding and incision
activities [13, 26, 27]. For example, XPG has a
non-enzymatic scaffolding role in several steps
of NER, including coordination of incision with
the resynthesis step [28, 29]. In addition, XPG
forms a complex with the transcription and
repair factor TFIIH being this important for sta-
ble association of the CAK kinase subunit with
TFIIH [12]. Thus, XPG alleles with C-terminal
mutations or truncations are unable to bind
TFIIH, resulting in impaired activated RNA poly-
merase |l-mediated transcription [26, 30].
More recently, it was shown that XPG has an
intrinsic single-strand annealing activity that is
independent of its nuclease activity but
requires intact N- and C-terminal domains [29].
This activity is performed in cooperation with
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WRN protein through a direct physical interac-
tion between both proteins and is observed
during the late S-phase of the cell cycle [13].
Finally, XPG has a role in the early steps of base
excision repair (BER) of oxidative DNA damage
through direct interaction and stimulation of
different DNA glycosylases [13].

As the incision activity of XPG is essential for
removing bulky DNA adducts by NER, point
mutations that inactivate the XPG endonucle-
ase function cause the cancer-prone, sun-sen-
sitive disorder xeroderma pigmentosum (XP) in
XP-G patients [14, 31] University Medical
Centre (CMU. Moreover, patients with rare trun-
cating mutations in XPG have the combined
diseases of XP with Cockayne syndrome (XP-G/
CS) [32-34]. XP-G/CS presents as severe pri-
marily postnatal neurological and developmen-
tal dysfunction with mental retardation, wast-
ing, greatly accelerated symptoms of segmental
aging and death in early childhood. Mutations
and polymorphisms of the ERCC5 gene were
also associated to an increase risk of different
cancers types such as endometrial, melanoma,
prostate, bladder, gastric, cervix or lung cancer
[15, 16, 35-38]. Polymorphisms of ERCC5 gene
or differential expression levels of its mRNA
were correlated with patient prognosis in differ-
ent tumor pathologies. For example, the
Asp1104His or His46His polymorphisms were
reported to be an independent prognostic fac-
tor in ovarian cancer, sarcoma and cutaneous
melanoma, and non-small cell lung cancer
(NSCLC), respectively [19, 39-41]. On the other
hand, high expression of XPG mRNA was asso-
ciated as an independent prognostic factor in
NSCLC and sarcoma patients and to signifi-
cantly correlate with increased response to
chemotherapeutic agents such as oxaliplatin,
fluoropyrimidin or trabectedin [42-44]. Thus,
XPG seems to be an important molecular factor
involved in tumorigenesis and prognosis of can-
cer patients. However, all these studies were
performed using DNA sequencing or real-time
PCR techniques that are quite cumbersome to
be used in a routine pathology laboratory.

In the present work, we have validated an IHC
assay for detection of expression levels of XPG
protein in FFPE human tissue samples. We
have also tested this IHC assay in different nor-
mal and tumor human tissues. XPG expression
was firstly determined on a microarray contain-
ing 28 normal tissue cores. Positive staining
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was observed in 60% of the normal samples.
The highest staining was detected in adrenal
gland, breast, colon, heart, kidney, thyroid and
tongue. A weaker staining was observed in cer-
ebellum, cerebrum, salivary gland, skin, spleen,
stomach, testis, thymus, tonsil and uterus.
Finally, cervix, esophagus, liver, lung, skeletal
muscle, smooth muscle, ovary, pancreas, para-
thyroid, pituitary, and prostate samples were
considered as negative. Subcellular localiza-
tion was predominantly nuclear, although cyto-
plasmic staining was also observed in 5 speci-
mens (adrenal gland, heart, kidney, cerebellum
and cerebrum). Interestingly, a weak to moder-
ate staining intensity was also correlated with a
cytoplasmic staining in adrenal gland, heart
and kidney samples while both central nervous
system samples presented cytoplasmic stain-
ing even in the case of presenting a weak
nuclear staining. Another interesting observa-
tion concerned the staining of macrophages
present on these normal tissues. In fact, these
inflammatory cells showed a weak nuclear
staining in positive and negative samples.
However, while in positive samples (colon,
tongue, salivary gland, thymus and tonsil) it
was mainly nuclear, in negative tissues (lung
and ovary), it was cytoplasmic. Other interest-
ing observations were the expression of XPG in
the Hassall's corpuscles of the thymus or
smooth muscle cells in esophagus and uterus.

In tumors, positive staining was observed in
90% of breast cancer samples and in all ovari-
an cancer and sarcomas samples. XPG expres-
sion in breast and ovary cancer samples was
expected as breast and uterus normal samples
already expressed weak to moderate levels of
the protein. Subcellular localization was pre-
dominantly nuclear. Of note, in all positive sam-
ples (19/20 analyzed samples), inflammatory
cells showed 2+, or even, 3+ nuclear staining.
These contrasted with that observed in normal
tissues where macrophage nuclear staining
was seen only in 17% (5/28) of analyzed tis-
sues. The biological significance of this XPG
overexpression in tumor-associated macro-
phages (TAMs) is not well understood. One pos-
sibility is that this over-expression is related to
chronic hypoxia or inflammation in tissue micro-
environments that will favour higher levels of
DNA lesions that need to be repaired. A second
possibility would be that TAMs would need high
levels of XPG to support high levels of transcrip-
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tion in order to maintain elevated inflammatory
cytokine secretions as observed in tumor
microenvironments. Other non-tumor cells
showing a positive staining were endothelial
cells, smooth muscle and fibroblasts.

In summary, we have validated an immunohis-
tochemical assay for XPG protein detection
using a commercially available antibody for use
in formalin-fixed, FFPE human tissues. To our
knowledge, this is the first time that XPG expres-
sion was evaluated at the protein level in
human samples. The use of this validated
methodology would help to interpret the role of
XPG in tumorogenesis and its use as a possible
prognostic or predictive factor.
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