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Abstract. The purpose of the study was to evaluate the 
prognostic role of the DNA repair protein APE/Ref-1 in 
breast carcinomas. Immunohistochemical analysis for 
APE/Ref-1 was performed in a series of 133 consecutive 
stage I-III breast carcinomas. The relationship between 
APE/Ref-I and other prognostic and predictive factors such 
as tumor size, nodal status, histologic grade, p53 expression, 
hormonal receptor status, vascular invasion and necrosis was 
investigated. The prognostic value of APE/Ref- I was studied 
by univariate and multivariate analysis. The predominant 
pattern of APE/Ref-1 irnmunohistochemical expression was 
nuclear, although cytoplasmic and mixed nuclear/cytoplasmic 
localization was also observed. The percentage of cells with 
APE/Ref-1 cytoplasmic stain directly correlated with the 
percentage of p53 positive cases (rho=0.28, p=0.013). The 
small group of women whose tumors showed mixed nuclear/ 
cytoplasmic APE/Ref-I localization (n=S) experienced a 
significantly poorer survival (p=0.014) and Cox proportional 
hazard model analysis identified APE/Ref-1 as an independent 
prognostic factor. The results suggest that subcellular 
localisation of APE/Ref-1 may influence the aggressiveness 
of breast carcinomas. 
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Introduction 

Genomic stability is achieved by avoiding errors during DNA 
duplication and repairing damage that sponlaneously may 
occur. Base Joss from human cellular genome has been 
estimated to nearly 104 per cell per day under physiological 
conditions, representing the most important spontaneous 
mammalian DNA damage (1-5). Moreover, this high rate of 
depurination can be increased by a variety of factors, such as 
ionizing radiations or cytotoxic agents. To counteract this 
intrinsic threat to genome integrity, cells express endo-
nucleases, which specifically recognize AP (apurinic/ 
apyrimidinic) sites of base loss (6). 

The human AP endonuclease 1 (APE/Ref-1) protein 
belongs to a homologous family of DNA repair proteins, 
which are highly conserved from bacteria (e.g., E. coli) to 
insects, plants and rodents (7-9). Structure and function 
studies of the 37 kDa APE/Ref-1 protein have described at 
least three different activities pertaining lo distinct protein 
domains which function independently (10,11): i) APE/Ref-I 
rapidly initiates a DNA repair process by introducing DNA 
strand breaks on the S' side of baseless sites. The deoxyribose 
phosphate residue is subsequentty removed by a phospho-
diesterase, followed by abolishing lhe nucleotide gap by 
DNA polymerase and DNA ligase, which seals the nick, thus 
restoring the correct DNA sequence (12). ii) APE/Ref-1 may 
also regulate the DNA-binding activity of several transcription 
factors involved in cell proliferation and differentiation (c-
Fos, c-Jun, c-Myb, Pax proteins) (13-15). The N-terminal 
domain and the Cys65 residue of APE/Ref-I are necessary 
for this function, while the same residue is not required for 
endonuclease activity (16). iii) Moreover, recent data indicate 
APE/Ref-1 as the first non-covalent modifier of p53 function 
in cells. In fact, APE/Ref-1 plays a crucial role in the activation 
of p53, both in redox-dependent and independent ways (I7). 

Since APE/Ref-1 is a main aclor in the maintenance of 
DNA integrity and in the control of cell proliferation, its 
expression has been studied in a variety of tumors, including 
lung (18), colon (19) and breast cancer (20). In this latter 
tumor, APE/Ref- I can be detected both in the nucleus and in 
the cytoplasm and nuclear expression was inversely associated 
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with lymph node status and angiogenesis, although survival 
did not carrel ate with APE/~ef-J statu~ (20). 

In .the -present work, \V~ exa1;nined the prognostic value of 
APE/Ref-I in a series ef li33. cpnse<;utiye breast carcinomas .. 
We also studied the relationship between APE/Ref- I and 
other well-known prognostic and predictive factors, including 
tumor size, nodal status, histologic grade, p53 expression, 
estrogen receptor·stallls (ER)_, vascular invasion and necrosis. 

Patients and methods 

Breast cancer specimen were obtained from 133 female 
patients diagnosed at (he University and the General Hospitals 
of Udine, Italy, between 1992 and 1997. The median patient 
age at diagnosis was 60.5 years (range 33-88, 25th-75th 
percentiles 51-70). All primary cancer patients had no distant 
metastases. Sections of the resecled tumors were examined 
ror the histological type (according to the guidelines of the 
World Health Organization), histological grade (according to 
Elston and Ellis criteria), the presence or absence of vascular 
invasion and the presence or absence of necrosis. Tumors 
were histologic v~triants of invasive breast carcinomas, 
comprising 120 duclal, 6 lobular, l tubular and 6 other types. 
Jn all cases, tumor size was measured in the fresh state and 
confirmed by re-assessment in the microscopic sections. 
Median tumor size was 1.7 cm (range 0.2-7.5, 25th-75th 
percentiles 1.2-2.4). Lymph node metastases were present in 
41.35% of patients. Histological grade was evaluable in I26 
cases, comprising 37.3% Gl, 34.9% 02 and 27.8% 03. 

The pathologic stage (pStage) was I in 58 patients, II in 
58 and III in 17 patients. Other tumor characteristics are 
shown in Table I. 

Complete follow-up information was available on 133 
patients, with a median follow-up duration of 66.03 months 
(range 10.6-98.70). At the time of analysis, 106 (79.7%) 
patients were alive. 

Various regimes of adjuvant therapy were administered to 
the patients and information aboul treatment was not available 
for all cases. For these reasons adjustment for endocrine 
therapy and/or chemotherapy was intentionally avoided. 

l111m1111ohistoclie111i.1·try. The immunohistochemical study was 
performed on formalin l'ixed, paraffin-embedded sections of 
resectecl specimens by the avidin-biotin-peroxidase complex 
(ABC Elite Vectastain, Vector, Burlingame, CA, USA) using 
specific antibodies [p53(D07) YLEM, Avezzano, Italy; 
ER(1D5) Dako, Glastup, Denmark). The sections were 
freshly cul immedi;itely before immunostaining. 

After blocking of endogenous peroxidase with hydrogen 
peroxide, the sections for ER and p53 were pretreated in a 
750 W microwave oven set at maximum power for 2 min and 
at 200 W for 6 min with 0.01 M citrate buffer, pH 7.3; then 
sections were cooled and washed twice in phosphate buffered 
saline (PBS). Following overnight incubation with primary 
antibodies diluted in PBS (D07 l:JOO; ID5 1:400), the avidin-
biolin-peroxidase complex was applied for 30 min at room 
temperature. Diaminobenzidine telrahydrochloride (Sigma, 
St. Louis, MO, USA) was used as chromogen, and 
l1cmatoxylin was used as counlerstaining. Appropriate positive 
and negative controls were included. For negative controls, 

the primary antiserum was omitted and replaced with mouse 
immunoglobulin (Dako). 

The percentage of nuclei positive for ER and p5 3 was 
scored. Approximately 1000 tumor cells were counted for 
each case. 

For statistical purposes a cut-off point of ;:o:IO% of immuno-
reactive cells was chosen to define tumors positive for ER 
and p53. 

Jn11w1110histoche111is1ry for APE/Ref-I. For each case, a 
minimum of four serial sections of representative formalin-
fixecl paraffin embedded blocks of breast cancer tissues were 
cut onto silane-coated slides nnd dewnxed. After blocking of 
endogenous peroxidase, sections were subjected to two 
microwave irradiations for 5 min at 800 Wand for 10 min at 
200 W in 10 mM citrate buffer, pH 6.0 for antigen retrieval. 
Tl1e sections were incubated with rabbit antiserum to 
APE/Ref-1 diluted 1:50 in PBS overnight at 4°C. After 
washing, the biotinylated goat nnti-rabbit antibody at a 
dilution of 1:200 and the avidin-peroxidase detection system 
(ABC Elite Vectastain Vector Laboratories, Burlingame, CA, 
USA) were applied both for 30 min at room temperature. 
Peroxidase activity was detected with 3,3'-diaminobenzidine 
tetrachloride (Sigma) and a light haematoxylin counlerstain 
was applied. Negative controls were carried out replacing the 
primary antiserum with pre-immune rabbit serum. The 
specificity of antiserum to APE/Ref-1 was previously described 
(21). 

A brown staining in the nucleus and/or in rhe cytoplasm 
indicated the cellular presence of APE/Ref- I (Fig. 1). The 
APE/Ref-l expression was evaluated calculating separately 
nuclear and cytoplasmic reactivity in 1000 neoplastic cells 
and was expressed as a percentage of positive cells. 

Immunoreactivity for APE/Ref-1 was independently 
scored by two observers and reported as percentage of 
neoplastic cells with evidence of 'nuclear' and/or 'cytoplasmic' 
slain. Therefore, with respect to subcellular localization of 
immunostaining, each tumor wus classified as nuclear, cyto-
plasmic or nuclear/cytoplasmic. The cut-off points to separate 
varios categories were optimised at ;:o:56 and 15.95% for 
nuclear and cytoplasmic localization respectively, on the 
basis of the median value of the irnmunoreactive cases. The 
different groups were defined as follows: i) the 'nuclear' 
group with ;::56% of cells with APE/Ref-I immunoreactive 
nuclei and <15.95% of cells with cytoplasmic expression; ii) 
the 'cytoplasmic' group, with ;:o:15.95% of cells APE/Ref· J 
positive in the cytoplasm and <56% of cells with Ref-I 
nuclear reactivity; iii) the 'nuclear/cytoplasmic' group, with 
both 2::56% of cells showing APE/Ref-1 positive nuclei and 
;:o:l5.95% of cells showing a Ref- I cytoplasmic reaction; iv) 
the 'negative' group in which the percentage of cells with 
nuclear and cytoplasmic APE/Ref- I expression was below 
the defined cut-off points. 

No different scores for intensity of immunostaining were 
adopted because of the negligible differences observed among 
the positive cases. 

Stmistical a11a/ysls. The Mann-Whitney or the Kruskal-
Wallis analyses were performed, as appropriated, to test the 
hypothesis of a difference in APE/Ref-1 expression among 
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Figure I Ductal breast carcinomas showing nuclear (A), mixed 11uclear/cytoplasmic (B), cytoplasmic (C) and negative (D) immunohistochcmical staining for 
APE/Ref-I. 
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Figure 2. Kaplan-Meier survival curves arc shown f'or tumors with different localization of APE/Ref- I im1m1nostaining (log-rank test, p=O.O I). 

the two or three groups of each tumor characteristics. 
Association between categorical variables was evaluated by 
means of x2 analysis. To evaluate the correlation between 
continuous variables Spearman's test was used. 

Survival data of the patients were obtained from the 
Laboratory Information System of the Institute of Anatomic 
Pathology. Overall survival (OS) was calculated as the time from 
the date of surgery to the date of death or last follow-up. Post-
operative survival curves were constructed using the Kaplan-
Meier method and then compared using the log-rank test. 

The inl'luence of APE!Ref-1 expression, adjusted for other 
covariales, was assessed in a multivariate analysis by the Cox 
pro1)ortional hazards model. Cox models were performed on 

stepwise (backward) procedures that always forced APE/Ref-I 
into the model along with any variables which satisfied an 
entry level of p<0.05 and, as the model added terms, did not 
exceed an exit level of p>0.05. 

Results 

The predominant pattern of APE/Ref-1 expression observed 
in this series of breast carcinomas was nucle,u·. In particular, 
the median percentage of cells with nuclear stain was 46.9% 
(25th-751h percentiles, 19.7-72.75) among all cases and 56% 
(25th-75th percentiles, 26.07-74.87) among nuclear immuno-
reactive cases. The median percenta&e.s of cells with cyto-
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Ta!,leJ. Mortali'ty by clinical and pathology characteristics. 

Person-months HR" 95% CI p-value 

APE/Ref-status 
Nuclear 18 
Cytoplasmic 5 
Nucleocytoplasmic 5 3 
Negative 11 1 

Age (years) 
<50 35 8 
50-69 66 9 
?.70 32 10 

Estrogen receptors 
Pos 93 15 
Neg 31 10 
Unknown 9 2 

Grade 
l 47 6 
2 44 8 
3 35 12 
Unknown 7 

pT 
1 84 14 
2-3 49 15 

Nodal metastases 
0 78 13 
1-3 35 7 
2':4 20 7 

pStage 
I 58 8 
1I 58 13 
Ill 17 6 

Vascular invasion 
Absent 87 14 
Present 34 11 
Unknown 12 2 

Necrosis 
Absent 92 15 
Present 36 11 
Unknown 5 

p53 status 
Negative 38 3 
Positive 38 9 
Unknown 57 15 

"Unadjusted hazard ratio; 95% CL confidence interval. 

pbsmic reactivity was 1.6% (25th-75th percentiles. 0-20.8) 
among all cases and 15.95% (25th-75tb percemiles, 3.10-45.5) 
among cases with cytoplasmic positivity only. 

5793 l 
1689 0.96 0.36-2.59 0.9352 

194 4.99 1.45-17.17 0.0107 
832 0.40 0.05-2.97 0.3679 

2279 
4280 0.61 0.23-1.58 0.3048 
1949 1.50 0.58-3.70 0.4259 

6180 
1789 2.27 l.02-5.05 0.0447 
539 

3110 
2917 1.41 0.49-4.07 0.5230 
2045 3.05 1.14-8.14 0.0259 
436 

5676 l 
2832 2.46 1.15-5.27 0.0203 

5146 I 
2309 1.20 0.48-3.02 0.6937 
1053 2.67 1.06-6.70 0.0368 

3825 l 
3789 l.62 0.67-3.90 0.2853 
894 3.18 l.10-9.19 0.0328 

5694 
2017 2.15 0.99-4.68 0.0542 

797 

6053 1 
2126 2.51 

329 
1.16-5.43 0.0195 

2380 l 
2375 3.03 0.82-11.19 0.0967 3753 

No significant difference in APE/Ref-1 nuclear expression 
was observed depending on the pStage (p==0.96), nodal status 
(p=0.57), tumor size (p=0.52), histologic grade 14), 
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Table II. Multivariate analysis of APE/Ref-l pattern, histologic grade, flllrnber ofm~tastatic lymph nodes, and tumor size 
among 133 women with breast cancer: 

HR• I-U~.b HRC HR" HR.0 H.Rr HRg 
95% CI 95% CI 95% CI 95%CI 95%CI 95%CI 95%CI 
p-value p-value p-value p~value p-value p-value p-value 

APE/Ref-1 
Nuclear-cytoplasmic 4.77 4.47 5.22 5.13 5.22 4.64 5.89 

1.34-17.00 1.28-15.59 1.54-17.69 l.46-17.96 1.55-17.59 1.36-15.81 1.74-19.89 
0.0161 0.0189 0.0080 0.0106 0.0076 0.0060 0.0043 

Histologic grade 1.87 2.19 1.96 2.53 
3 0.81-4.33 0.97-4.94 0.87-4.43 1.18-5.40 

0.1425 0.0585 0.1044 0.0170 

No. of lymph node metastases 1.29 1.69 1.54 2.30 
;;;:4 0.47-3.55 0.66-4.36 0.58-4.05 0.96-5.49 

0.6165 0.2780 0.3864 0.0620 

pT 1.93 2.06 2.24 2.57 
>l 0.82-4.56 0.92-4.65 0.97-5.15 1.20-5.50 

0.1339 0.0800 0.0579 0.0155 

"From a proportional hazard model Lhat simultaneously included ref, grade, number of ln meta and T; hFrom a proportional hazard model 
that simt1ltaneously included APE/Rcf-1 status, histologic grade and number of lymph node metastases; cFrom a proportional hazard model 
that simultaneously included APE/Rcf-1 status, histologic grade and pT; °From a proportional hazard model that simultaneously included 
APE/Ref-! status, number of lymph node metastases and pT; "From a proportional hazard model that simultaneously included APE/Rd- I 

status and histologic grade; rFrom a proportional hazard model that simultaneously included APE/Ref- J status and number or lymph node 
metastases; ~From a proportional hazard model that simultaneously included APE/Rcf-1 status and pT; 95% Cl, confidence interval. 

necrosis (p=0.36), vascular invasion (p=0.86), oestrogen 
receptor status (p=0.44) and p53 status (p=0.83). 

There appeared to be no differences in level of cyto-
plasmic APE/Ref-1 expression according to the pStage 
(p=0.49), nodal status (p=0.67), tumor size (p=0.19), 
histologic grade (p=0.77), necrosis (p=0.18), vascular 
invasion (p=0.94) and oestrogen receptor status (p=0.11). 
Percentage of cells with APE/Ref-1 cytoplasmic stain 
directly correlated with percentage of p53 positive cells 
(p=0.28, p=0.013). 

Table I summarises the unadjusted hazard ratios (HR) 
describing the risk of death associated with tumor 
characteristics. The univariate analysis showed that tumor 
size, histologic grade, nodal status, hormonal receptor status, 
APE/Ref-l expression and necrosis all had prognostic value. 
A marginal effect on survival was also noted for vascular 
invasion and status. Kaplan Meier survival curves for 
tumors with different patterns of APE/Ref-1 expression are 
shown in Fig. 2. Although APE/Ref-1 nuclear/cytoplasmic 
immunostaining was observed only in five cases, all the 
women whose tumors showed mixed localisation experienced a 
significantly poorer survival rate (log-rank test, p=O.O 14). 

When APE/Ref-1 expression was included in the Cox 
multivariate analysis, it retained significance as an independent 
prognostic factor in the models tested (Table Tl). 

Discussion 

Base losses [apurinic/apyrimidinic (AP) sites] from human 
DNA represent the most important spontaneous DNA damage 
in cells (2,4-6). The rate at which these lesions occur is high 
per se and can be increased by the insult of DNA damaging 
agents such as drugs or radiation (20). In the absence of 
cellular defence mechanisms to repair and prevent a high rate 
of these DNA damages, cell death and/or mutagenesis are 
inevitable. All cells have developed various strategies to 
maintain the integrity of genome. 

APE/Ref-1, also known as Hap-1/APEX is an enzyme 
that plays a key role in the process of base excision repair 
(BER). It belongs to the family of the so-called AP 
endonucleases whose main function is to initiate a repair 
cascade culminating in replacement of the AP site with the 
correct bases (6,10). Besides the activity in DNA repair, 
APEfRef-1 is involved in the redox regulation of transcription 
factors by stimulating the DNA binding activity of various 
proto-oncogene products such as c-Jun, c-Fos, c-Myb and 
Pax proteins (l 3-15). 

Derangement of DNA repair mechanisms is well 
recognized as a pathogenetic event in cancer progression (23). 

Accordingly, there is accumulating interest about the 
biologic role of APE/Ref-1 in tumors. In particular it has 
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~~~X\ hY·R?t'1t(s.isedthat dJffe~ent ;>~b9eJluJiJr to.caJj;;ation of 
the protdn coulp corres!Jonc! tQ ~pi;:cific (unctions related to 
the pmc.ess of DNA repair. The,1;efore, alt(Or<!tio.ns in normal 
act.iviJY' oJ APE/Ref-1 have pe.en s,uggested as IJOSsible 
determ.inants of abnormal phenOt),'pes, 

A prognostic role of ApE!Ikf-1 was described by 
Kakolyris et al in a consecutive series of early operable non-
small cell lung carcinomas (18). The authors reported a 
survival benefit for patient whose tumors expressed nuclear 
APE/Ref-1 over the defined cut-off value. No significant 
difference in survival was noted according to cytoplasmic, 
mixed nuclear and cytoplasmic, or negative APE/Ref-1 
expression. Interestingly, the best survival advantage was 
seen when tumors expressed nuclear APE/Ref- I IJOSitivity 
together with p53 negativity (likely expression of a wild-type 
p53). 

Other studies addressing the prognostic value of APE/Ref-1 
found interesting associations between APE/Ref-1 pattern 
and tumoral characteristics. Recently, different expression of 
APE/Ref- I between ovarian adenocarcinomas of low malignant 
potential and other ovarian carcinomas has been reported 
(24). A cytoplasmic immunostaining was predominantly 
encountered in ovarian carcinomas whereas only two 
carcinomas of low malignant potential presented some areas 
with this pattern. On the basis of these observations the 
authors speculate that, in ovarian cancers, the presence of a 
strong cytoplasmic staining could represent a marker of 
malignant behaviour. Qualitative (subcellular localization) 
rather than quantitative differences in APFJRef-1 expression 
were also reported during the various steps of the sequence 
normal colonic mucosa-adenoma-carcinoma (19). 

The pattern ol' APE/Ref-I immunostaining and its 
f-'rogm)M)c 10\!:: 1n breast cancer has been prev·1ausly 
investigated (20). No relationship between APE/Ref- I status 
and· survival was observed although APE/Ref-1 nuclear 
localisation was associated with negative nodal status and 
with low angiogenesis. 

In the present study we have demonstrated a survival 
disadvnntage for patients whose tumors showed APE/Ref-I 
stain in both nuclear and cytoplasmic compa1tments (l-IR=4.99, 
conl'iclence limils=l.45-17.17, p-value=O.OI). In addition, on 
multivariate analysis, the prognostic signitlcance of APFJRef-1 
\Vas retained independently from the other main predictors of 
survival such as histological grade, nodal status and tumor 
size (Table 11). However, our results merit Lo be interpreted 
with caution because or the pauclly of cases presenting the 
combination or nucleus and cytoplasmic APE/Ref-1 expression 
(only 4% of the study population). The biological significance 
depends entirely on whether or not this small group of 5 
patients represents a discrete entity. Nevertheless, the validity 
of our findings is slrenglhened by the observation that 
consistent results arc obtained al'ler small perturbation of the 
cut-off points (data not shown). 

No adequate information on acljuvanl lreatmenl of patients 
was available in our relrospective unselected series. So, no 
conclusions can be drawn about a potential role of APE/Ref- I 
expression as predictor of response to therapy. This hypothesis 
is however very tempting on the basis of pre-clinical data 
indicating the APE/Rcf-1 activity in mechanisms of repair 
after the insult of DNA damaging agents. 

The discordance between the present report and the work 
by Kakolyris el al regarding the prognostic role of APE/Ref-1 
in breast cancer could be explained on the basis the different 
method of APE/Ref-l evaluation, respectively mixed 
qualitative/quantitative and qualitative alone. In fact, the 
same authors found a relationship between APE/Ref-I 
pattern and survival in their lung cancer series when they 
considered the percentage of APE/Ref-1 stained cells 
according to its localization inside the cell (18). 

The implications for the poor survival rate (more 
aggressiveness) observed for women in which breast tumors 
showed nuclear/cytoplasmic localization instead of those 
showing only cytoplasmic localization of APE/Ref-1, are 
difficult to understand. In a very recent report, Kelley et al 
suggested that a cytoplasmic localization of APE/Ref-1 in 
prostate cancers could be due to its reverse movement from 
the nucleus to cytoplasm (25). Another possibility could be 
envisaged and is related to the fact that, due to its relatively 
high molecular weight, APE/Ref-1 requests an active 
mechanism for its localization into the nucleus, such as 
importins (26), and a subsequently inducible mechanism of 
regulation (i.e., phosphorylation, de-phosphorylation) as is 
the case of the NF-AT transcription factor (27). In this view, 
the altered subcellular localization of APE/Ref-1 could be an 
epiphenomenon of the alteration of the mechanism of nuclear 
shuttling, due to the neoplastic phenotype of the eel Is. 
Moreover, it should be kepi in mind that several Jines of 
evidence suggest that the APE/Ref-1 protein is highly hetero-
geneous in the cell, having possible phosphorylaling-dependent 
redox and repair activities. Of note is the recent observation 
that another post-translational checkpoint for APE/Ref-1 
activity is represented by the redox control of its activity 
(unpublished data). Therefore, the only presence of APE/Ref-1 
in a cellular compartment is not sufficient, per se, to carry 
out the potential activity as a repair or redox enzyme. The 
actual form in which the APE/Ref-1 protein exists (e.g., 
reduced, oxidized, reduced and phosphorylated, oxidized and 
phosphorylated, reduced in the redox domain and oxidized in 
the repair domain, etc.) determined in these previous studies 
is unknown. The determination of the status of APE/Ref-I in 
these cancers may provide clues regarding the role it is playing 
in their initiation, progression and aggressiveness. 
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