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BACKGROUND: The expression of fragile histidine triad protein (Fhit) and WW domain-containing oxidore-

ductase protein (Wwox), tumor suppressors that are encoded by fragile (FRA) loci FRA3B and FRA16D,

are lost concordantly in breast cancers. In the current study, the authors examined correlations among Fhit,

Wwox, the activator protein 2 transcription factors AP2a and AP2c, cytokeratins 5 and 6 (CK5/6), epider-

mal growth factor receptor (EGFR), estrogen receptor (ER), progesterone receptor (PR), and human epi-

dermal growth factor receptor 2 (HER-2) and their associations with breast cancer phenotypes. METHODS:

Tissue microarrays constructed from 837 breast cancer blocks were immunostained. Expression in >10% of

tumor cells was considered positive for cytoplasmic CK5/6, membranous EGFR, and nuclear AP2a and

AP2c. Cytoplasmic Fhit and Wwox staining was scored according to staining intensity. ER, PR, and HER-2

status of tumors was derived from records. Correlations among immunohistochemical markers and tumor

subtypes were assessed by univariate and multivariate statistical methods. RESULTS: Triple-negative

tumors had more frequent expression of EGFR, CK5/6 (P < .001), and AP2c (P ¼ .003) and more frequent

loss of Fhit and Wwox (P < .001), and an inverse correlation was observed between Fhit, Wwox expression

and EGFR, ER, and PR expression (P < .001). Reduced Fhit expression was more common in HER-2-positive

and AP2c-positive cases (P < .001 and P ¼ .002, respectively). There was a direct correlation noted

between Fhit and Wwox (P < .001) and a borderline positive relation between AP2a and AP2c (P ¼ .054).

CONCLUSIONS: The results from this investigation suggested that reduced expression levels of Fhit, Wwox,

and nuclear AP2c have roles in the pathogenesis of basal-like differentiation in breast cancer. Alteration in
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the expression of fragile site genes occurs in most of these cancers and may contribute to defects in DNA

repair, as observed in breast cancer 1 (BRCA1)-deficient cancers. Thus, DNA damage response checkpoint

proteins may be targets for treatment. Cancer 2009;115:899–908. VC 2009 American Cancer Society.

KEY WORDS: breast cancer subtypes, triple-negative breast cancers, common fragile sites, fragile histidine

triad protein, WW domain-containing protein, activator protein 2 transcription factors.

Common chromosomal fragile sites are preferential
targets of replication stress in preneoplastic lesions, result-

ing in deletions that involve the fragile genes encoded at

these conserved chromosome regions.1,2 It has been sug-

gested that damage to fragile sites, with lost function of

genes located at these sites, may play a significant role in

carcinogenesis.3 Reduced expression of the fragile tumor

suppressors, fragile histidine triad protein (Fhit) and the

WW domain-containing oxidoreductase protein Wwox,

which are encoded by fragile (FRA) loci FRA3B and

FRA16D at chromosomes 3p14.2 and 16q23.3, are lost

concordantly in approximately 66% of breast cancers.4

Expression levels of Fhit and Wwox have been associated

with important aspects of breast cancer initiation,

response to therapy, and clinicopathologic features.4-7

Their coordinated loss also has been demonstrated in

other types of cancers and cells.8,9

Our group and others have reported that Fhit and

Wwox loss is more common in breast cancers that are neg-

ative for estrogen receptor (ER) and progesterone receptor

(PR)4,7 and that Fhit loss is significantly more frequent in

human epidermal growth factor receptor 2 (HER-2)-posi-

tive ductal carcinoma in situ (DCIS).5 In another study,

we also observed that expression levels of Wwox, the

Wwox-interacting activator protein 2 c (AP2c),
ErbB4,10,11 and the AP2c transcriptional target protein

HER-212 were correlated with tamoxifen resistance in

ER-positive, invasive breast cancers.6 Lost or reduced

expression of Wwox, high-level expression of AP2c and

HER-2, and ErbB4 loss were identified as independent

markers of tamoxifen resistance. Reduced Wwox expres-

sion was better than PR expression for predicting resist-

ance, and nuclear AP2c expression was better than HER-

2 expression.6

The recently described, molecular-based classifica-

tion of breast cancers has defined 3 groups with negative

ER status: basal-like, HER-2 overexpressing, and normal

breast-like cancers.13,14 Understanding the pathogenic

mechanisms of the basal-like and triple-negative (ie, nega-

tive for ER, PR, andHER-2) breast cancer subtypes is par-

ticularly important because, contrary to disease that is

positive for hormone receptors or HER-2, no targeted

therapies for these tumors have been developed to date,

and chemotherapy remains the only therapeutic option

for these patients.15-17 Both triple-negative and basal-like

cancers (which mostly have a triple-negative phenotype)

preferentially affect young women and women of African

origin, they usually are of high histologic grade, and they

exhibit more aggressive clinical behavior.16 Overlap

between the biologic and clinical characteristics of spo-

radic triple-negative/basal-like cancers and cancers in

breast cancer gene BRCA1 mutation carriers has been

demonstrated,18,19 and the basal cell-like molecular breast

cancer subtype is an independent predictor of distant me-

tastasis in African-American women.17

The current study was designed to determine

whether alterations in the expression of genes at fragile

sites contribute preferentially to the pathogenesis of cer-

tain subtypes of breast cancer. We determined the expres-

sion levels for tumor suppressor genes FHIT and WWOX

(located at the 2 most active fragile sites of human

genome) and the transcription factors AP2a and AP2c
(which interact physically withWwox) in a large cohort of

breast cancers that we attempted to classify molecularly

according to their expression of the hormone receptors

ER and PR, HER-2, cytokeratins 5 and 6 (CK5/6), and

epidermal growth factor receptor (EGFR), which are

markers of basal-like differentiation.20,21

MATERIALS AND METHODS

Construction of Tissue Microarrays

This study had the approval of the Ohio State University

Institutional Review Board for studies of human subjects.

Tissue microarrays (TMAs) were prepared from cores of

the tissue blocks from breast cancers in 837 women from
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the 4 major hospitals in Columbus, Ohio. The clinical

data on patients; histologic tumor type and grade (accord-

ing to the modified Bloom-Richardson system); and ER,

PR, and HER-2 status of tumors were obtained from clin-

ical records and pathology reports. ER and PR status was

evaluated clinically by immunohistochemistry (IHC),

and samples that had nuclear staining for either receptor

in >1% of cells were regarded as positive. HER-2 status

was evaluated clinically by using a standard combined

IHC plus fluorescence in situ hybridization (FISH)

approach. All samples that had intense, complete, mem-

branous staining in >10% of invasive neoplastic cells

determined by IHC or the presence of HER-2 gene

amplification determined by FISH were considered

HER-2 positive.

Immunohistochemical Analysis

Fhit, Wwox, CK5/6, EGFR, AP2a, and AP2c immuno-

staining was performed on TMA sections. The specific

antisera, staining methods, detection kits, and controls

that we used are listed in Table 1. Antigen retrieval was

the same for all antisera with the exception of EGFR and

CK5/6; sections were boiled in citrate buffer (pH 6.0) in a

vegetable steamer for 25 minutes and cooled in solution

for 15 minutes. For EGFR antigen retrieval, we used Pro-

teinase K from the PharmDx kit. Antigen retrieval for

CK5/6 was in ethylene diamine tetraacetic acid buffer

(pH 9.0) in a vegetable steamer for 25 minutes with cool-

ing in solution for 15 minutes. Details of IHC staining

methods have been described previously.4,5

The expression of Fhit, Wwox, and CK5/6 was

cytoplasmic, the expression of AP2a and AP2c was

nuclear, and the expression of EGFR was both cyto-

plasmic and membranous. Cytoplasmic expression in

�10% of tumor cells for CK5/6, membranous stain-

ing in �10% of tumor cells for EGFR, and nuclear

staining in �10% of tumor cells for AP2a and AP2c
were accepted as positive. Fhit staining and Wwox

staining in tumors were scored according to staining

intensity as follows: absent staining, highly reduced

staining, reduced staining, or strong expression. Three

pathologists scored the slides and were blinded to the

subtype of breast cancer.

The 837 breast cancers were divided into subtypes

of breast cancer as defined by their IHC profiles using the

designated stains.15,20,21 These included luminal A (posi-

tive for ER and/or PR and negative for HER-2), luminal

B (positive for ER and/or PR and positive for HER-2),

HER-2 overexpressing (negative for ER and PR and posi-

tive for HER-2), basal-like triple negative (negative for

ER, PR, and HER-2 and positive for CK5/6 and/or

EGFR), and other triple-negative (negative for ER, PR,

HER-2, CK5/6, and EGFR).

Statistical Analysis

Associations among specific markers and specific clinical

features were analyzed using the chi-square test or the

Fisher exact test, as appropriate, for univariate analyses

and multiple logistic regression for multivariate analysis,

as described previously.6 Pairwise correlations of bio-

markers were assessed using the Spearman correlation

test. P values of .05 were considered statistically

significant.

Table 1. Primary Antisera and Detection Kits Used in Immunohistochemical Studies

Primary
Antiserum

Source Description Dilution Detection Kit

Fhit Huebner Laboratory* Rabbit polyclonal 1/5000 Vectastain Elite kit (Vector Laboratories,

Burlingame, Calif)

Wwox Huebner Laboratory* Rabbit polyclonal 1/7000 Vectastain Elite kit (Vector Laboratories)

AP2c Santa Cruz Biotechnology

(Santa Cruz, Calif)

Mouse monoclonal (6E4/4) 1/75 Universal LSABþ (Dako, Carpinteria, Calif)

AP2a Santa Cruz Biotechnology Mouse monoclonal (3B5) 1/75 Universal LSABþ (Dako)

CK5/6 Dako Mouse monoclonal (D5/16 B4) 1/50 Universal LSABþ (Dako)

EGFR PharmDx Kit (Dako) Mouse monoclonal (2-18C9) Neat Envision Plus, included in kit (Dako)

Fhit indicates fragile histidine triad protein; Wwox, WW domain-containing oxidoreductase protein; AP2c, activator protein 2c; AP2a, activator protein 2a; CK5/
6, cytokeratins 5/6; EGFR; epidermal growth factor receptor.

* The features of the antisera have been described previously in detail (see Guler 2005, 20075,6).

Fhit-Wwox Loss in Basaloid Breast CA/Guler et al
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RESULTS

Characteristics of the Breast Cancers

The demographic characteristics and the various IHC

results are described in Table 2. The median patient age

was 55 years (range, 20-93 years), and 100 patients (12%)

were aged <40 years. Seven hundred fifty-nine patients

(90%) were white, 59 patients (7%) were black, and the

remaining patients were of other races/ethinicities. These

characteristics reflected the catchment areas of the 4 con-

tributing hospitals. Seven hundred and forty-nine patients

(89.5%) had invasive ductal carcinoma, not otherwise

specified; 34 patients (4.1%) had invasive lobular carci-

noma, 24 patients (2.9%) had mixed ductal and lobular

carcinoma, 12 patients (1.4%) had mucinous carcinoma,

and 18 patients (2.1%) had other specific types of invasive

breast cancer, such as medullary, tubular, or papillary

carcinoma.

Expression of Fhit and Wwox Assessed by

Immunohistochemistry Analyses on TMAs

There was a significant, positive relation between Fhit

expression andWwox expression (P¼ .024). In univariate

analysis, when we compared Fhit expression with prog-

nostic markers (Table 2), Fhit loss was more frequent in

infiltrating ductal carcinoma; 65.7% of ductal carcinomas

had highly reduced or negative Fhit expression, whereas

54.3% of infiltrating lobular carcinomas and 33.3% of

other types of invasive tumors had highly reduced or nega-

tive Fhit expression (P ¼ .01). Fhit expression also was

related to histologic tumor grade; 78.3% of grade 3

tumors, 59.4% of grade 2 tumors, and 36.7% of grade 1

tumors had lost or highly reduced Fhit expression (P <

.001). Fhit expression and patient age were related signifi-

cantly; lost or highly reduced Fhit expression was observed

in 84.1% of tumors among patients aged �40 years, in

70.9% of tumors among patients ages 41 to 50 years, and

in 59% of tumors among patients aged >50 years (P <

.001). Very low Fhit expression was more frequent in

tumors from African-American women (84.6%) than in

tumors from white women (63%; P¼ .002).

Wwox expression scores also were compared with

the same prognostic features (Table 2): Wwox expression

was related to tumor type; 78.5% of infiltrating ductal

carcinomas, 64.4% of infiltrating lobular carcinomas, and

78.3% of other types of invasive tumors had highly

reduced or no Wwox expression (P¼ .01). Wwox expres-

sion also was associated with histologic grade; 84.6% of

grade 3 tumors, 72.6% of grade 2 tumors, and 72% of

grade 1 tumors had highly reduced or absent Wwox

expression (P< .001). Wwox expression was not found to

be related to patient age. Highly reduced or absent Wwox

expression was more frequent in tumors from African-

American women (88.1%) than in tumors from white

women (76%; P ¼ .034). The clinicopathologic features

of the tumors and their associations with Fhit and Wwox

expression are provided in Table 2.

Associations Among Breast Cancer Marker

Proteins and Clinicopathologic Features

Fhit expression scores were assessed in association with

the expression of other biomarkers (for examples of IHC

stains, see Fig. 1). There was a strong, direct correlation

between Fhit expression and the expression of both ER

and PR (P < .001 for both); whereas an inverse correla-

tion was observed between Fhit expression and the

expression of HER-2 (P < .001), EGFR (P < .001),

CK5/6 (P¼ .018), and AP2c (P¼ .002) (Table 2).

Wwox expression also was related highly and posi-

tively with the expression of both ER (P < .001) and PR

(P ¼ .001), an inverse correlation was observed between

Wwox expression and the expression of EGFR (P <

.001), and a borderline inverse correlation was observed

betweenWwox expression and the expression if CK5/6 (P

¼ .071). There was no association between Wwox ex-

pression and the expression of HER-2 (P ¼ .204), AP2a
(P¼ .607), or AP2c (P¼ .171) in univariate analyses.

We characterized the basal-like phenotype by using

5 biomarkers that included triple negativity for ER, PR,

HER-2 and positive expression of CK5/6 and/or

EGFR.13,14 According to this classification, 89 tumors

(10.7%) exhibited basal-like differentiation (Table 3).

Next, we assessed the relation of the basal-like phenotype

to expression scores for Fhit, Wwox, AP2c, and AP2a
and observed a highly significant association of the basal-

like phenotype with very low expression of Fhit and

Wwox (P<00.1) and high expression of AP2c (P< .001)

(Table 3; for examples, see Fig. 1).

When we examined correlations between the expres-

sion of biomarkers and the expression of Fhit and Wwox
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in a regression analysis, we observed that the 3 markers

most closely associated with Fhit were ER, EGFR, and

HER-2; whereas PR, EGFR, and HER-2 were associated

most closely with Wwox expression (Tables 4 and 5). We

divided the tumors into 5 groups according to expression

patterns of these 5 biomarkers with the objective of find-

ing tumors that matched the recently described genetic

classification11,12: luminal A (positive for ER and/or PR

and negative for HER-2), luminal B (positive for ER and/

or PR and positive for HER-2), HER-2 overexpressing

Table 2. Clinicopathologic Features of Tumors, Biomarker Expression Levels, and Associations With Expression of the

Fragile Histidine Triad Protein and the WW Domain-containing Oxidoreductase Protein

Fhit Expression Wwox Expression

No. of Patients (%) No. of Patients (%)

Feature Lost or

Highly

Reduced

Strong or

Moderately

Reduced

P Lost or

Highly

Reduced

Strong or

Moderately

Reduced

P

Age, y
£40 69 (84.1) 13 (15.9) <.001 79 (79.8) 20 (20.2) .512

41-50 117 (70.9) 48 (29.1) — 155 (79.1) 41 (20.9) —

>50 265 (59) 184(41) — 398 (75.8) 127 (24.2) —

Histologic type
Invasive ductal, NOS 414 (65.7) 216 (34.3) .010 579 (78.5) 159 (21.5) .036

Invasive lobular 25 (54.3) 21 (45.7) — 38 (64.4) 21 (35.6) —

Other invasive 6 (54.5) 5 (45.5) — 7 (58.3) 5 (41.7) —

Histologic grade
1 33 (36.7) 57 (63.3) <.001 85 (72) 33 (28) <.001

2 155 (59.4) 106 (40.6) — 225 (72.6) 85 (27.4) —

3 241 (78.2) 67 (21.8) — 291(84.6) 53 (15.4) —

Race
Caucasian 402 (63) 236 (37) .001 574 (76) 181 (24) .036

African American 44 (84.6) 8 (15.4) — 52 (88.1) 7 (11.9) —

ER status
Positive 297 (57.9) 261 (42.1) <.001 443 (73) 164 (27) <.001

Negative 154 (84.2) 29 (15.8) — 187 (88.2) 25 (11.8) —

PR status
Positive 237 (55.4) 191 (44.6) <.001 373 (73) 138 (27) .001

Negative 214 (79.9) 54 (20.1) — 258 (83.5) 51 (16.5) —

HER-2 status
Positive 121 (77.1) 36 (22.9) <.001 136 (73.5) 49 (26.5) .233

Negative 324 (61.1) 206 (38.9) — 489 (78) 138 (22.8) —

CK5/6
Positive 95 (74.2) 33 (25.8) .021 110 (82.1) 24 (17.9) .071

Negative 309 (63.1) 181 (36.9) — 399 (74.6) 136 (25.4) —

EGFR
Positive 108 (85) 19 (15) <.001 123 (91.1) 12 (8.9) <.001

Negative 312 (59.8) 210 (40.2) — 430 (73) 155 (27) —

AP2a
Positive 368 (64.7) 201 (35.3) .584 437 (73.8) 155 (26.2) .607

Negative 55 (70.5) 23 (29.5) — 70 (76.9) 21 (23.1) —

AP2c
Positive 301 (71) 123 (29) .002 322 (73.2) 18 (26.8) .171

Negative 135 (58.7) 95 (4.3) — 196 (78.1) 55 (21.9) —

Fhit indicates fragile histidine triad protein; Wwox, WW domain-containing oxidoreductase protein; NOS, not otherwise specified; ER, estrogen receptor; PR,

progesterone receptor; HER-2, epidermal growth factor receptor family member 2; CK5/6, cytokeratins 5 and 6; EGFR, epidermal growth factor receptor;

AP2a; activator protein 2a; AP2c, activator protein 2c.

Fhit-Wwox Loss in Basaloid Breast CA/Guler et al
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(negative for ER and PR and positive for HER-2), basal-

like triple negative (negative for ER, PR, and HER-2 and

positive for CK5/6 and/or EGFR), and other (triple nega-

tive but not positive for CK5/6 or EGFR) (Table 3).

Expression patterns of the protein biomarkers

within specific subtypes were assessed, and highly signifi-

cant associations were observed for Fhit, Wwox, and

AP2c (P < .001 for all). Lost or highly reduced Fhit

expression was observed in 88.1% of HER-2 overexpress-

ing tumors and in 84.5% of basal-like tumors; whereas

55.5% of luminal A tumors, 70.4% of luminal B tumors,

and 75% of triple-negative tumors with other than basal-

like phenotype had very low Fhit expression. When we

assessed the association of different tumor subtypes in

relation to Wwox expression scores, absent or highly

reducedWwox expression occurred in 96.6% of basal-like

tumors, in 90% of triple-negative tumors that were other

than basal-like, in 80% of HER-2 overexpressing tumors,

in 74.2% of luminal A tumors, and in 69.6% of luminal

B tumors (see Table 3).

Coordinated Loss of Fhit and

Wwox Expression

Highly reduced or lost expression of both Fhit and Wwox

was observed in 342 tumors (49%). It is likely that the

effect of reduced Fhit and Wwox expression is not very

different from complete loss, because it is known that Fhit

and Wwox are haploinsufficient tumor suppressors (ie,

gene knockout animals with loss of 1 or both copies are

equally highly susceptible to tumor induction).22-24 The

basal-like phenotype was observed in 20.7% of these

FIGURE 1. Immunohistochemical staining of protein markers in a triple-negative breast cancer. In the top 2 photomicrographs,

strong expression of fragile histidine triad protein (Fhit) and the WW domain-containing oxidoreductase protein Wwox is

observed, in contrast to the negative and very low expression of Fhit and Wwox, respectively, in triple-negative Tumor 827. Tumor

827 also demonstrated moderate expression of cytokeratins 5 and 6 (CK5.6), moderate nuclear expression of activator proteins

2a (AP2a) and 2c (AP2c), and strong membranous expression of epidermal growth factor receptor (EGFR) (original magnification

�200 in all photomicrographs).
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tumors, which was significantly more compared with

tumors that had high or moderately reduced Fhit and/or

Wwox expression (3.9%; P < .001). In other words,

83.3% of basal-like tumors had very low or lost expression

of both Fhit and Wwox; and 31.6% of these basal-like

tumors (vs 7.9% of Fhit- and/or Wwox-positive tumors;

P < .001) expressed EGFR. CK5/6 expression was

observed in 25.9% of Fhit- and Wwox-negative tumors

and in 15.6% of Fhit- and/or Wwox-positive tumors

(P ¼ .002). HER-2 status did not differ significantly

between the 2 groups (P¼ .174).

DISCUSSION

Our previous studies on the role of fragile genes in breast

cancer demonstrated that Fhit and Wwox expression is

reduced or lost in up to 60% of invasive breast cancers and

pure DCIS, and up to 50% of expression loss is observed

in adjacent normal cell areas of breast cancer sections.4,5 In

those studies, in which Fhit and Wwox expression was

examined in invasive breast tumors,4 in tamoxifen-sensitive

and tamoxiven-resistant breast cancers,6 in pure DCIS, in

DCIS adjacent to invasive tumors, and in normal tissues

around invasive or in situ breast cancers,5 Fhit expression

and Wwox expression were correlated positively in all tis-

sue compartments. Loss of Fhit and Wwox was more com-

mon in ER- and PR-negative breast tumors.1 Nunez et al7

confirmed this relation of ER and Wwox in breast cancer.

The concordant inactivation of Fhit and Wwox is an early

event in breast carcinogenesis and is especially common in

ER- and PR-negative breast tumors.

Table 3. The Relation of Genetically Defined Breast Cancer Subtypes With Fragile Histidine Triad Protein and WW

Domain-containing Oxidoreductase Protein Expression

Fhit Expression Wwox Expression

No. of Patients (%) No. of Patients (%)

Subtype Lost or

Highly

Reduced

Strong or

Moderately

Reduced

P Lost or

Highly

Reduced

Strong or

Moderately

Reduced

P

Triple negative
Positive 95 (81.9) 21 (18.1) <.001 121 (92.4) 10 (7.6) <.001

Negative 361 (61.7) 224 (38.3) — 514 (74.2) 179 (25.8) —

Basal-like phenotype
Positive 71 (84.5) 13 (15.5) <.001 86 (96.6) 3 (3.4) <.001

Negative 380 (62.1) 232 (37.9) — 545 (74.6) 186 (25.4) —

Genetic classification
Luminal A 229 (55.3) 185 (44.7) <.001 368 (74.2) 128 (25.8) <.001

Luminal B 69 (70.4) 29 (29.6) — 80 (69.6) 35 (30.4) —

HER-2 overexpression 52 (88.1) 7 (11.9) — 56 (80.6) 14 (20) —

Basal-like 71 (84.5) 13 (15.5) — 86 (96.6) 3 (3.4) —

Triple negative-other 15 (75) 5 (25) — 18 (90) 2 (10) —

Fhit indicates fragile histidine triad protein; Wwox, WW domain-containing oxidoreductase protein; HER-2, human epidermal growth factor receptor 2.

Table 4. Multivariate Logistic Regression Analysis of

Biomarkers Associated With the Fragile Histidine Triad
Protein

Biomarkers P OR 95% CI for OR

Lower Upper

EGFR .013 3.3 1.18 3.95

ER .0001 14.6 1.63 4.20

HER-2 .019 30.8 1.1 3.03

OR indicates odds ratio; 95% CI, 95% confidence interval; EGFR, epider-

mal growth factor receptor; ER, estrogen receptor; HER-2, human epider-

mal growth factor receptor family member 2.

Table 5. Multivariate Logistic Regression Analysis of

Biomarkers Associated With the WW Domain-containing
Oxidoreductase Protein

Biomarkers P OR 95% CI for OR

Lower Upper

EGFR .008 2.64 1.29 5.41

PR .004 2.43 1.33 4.44

HER-2 .026 1.69 1.06 2.68

OR indicates odds ratio; 95% CI, 95% confidence interval; EGFR, epider-

mal growth factor receptor; PR, progesterone receptor; HER-2, human epi-

dermal growth factor receptor family member 2.
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Recently described breast cancer subtypes, identi-

fied through gene expression profiles or signatures,

have defined 5 breast cancer groups with different

prognostic features: luminal A, luminal B, HER-2

overexpressing, basal-like, and normal breast-like.13,14

Basal-like breast cancers are triple-negative tumors

(negative for ER, PR, and HER-2) and, currently, the

best method for identifying basal-like tumors is by

routine IHC that is positive for CK5/6 and/or EGFR

and negative for ER, PR, and HER-2.20,21 It has been

reported that this 5-marker panel has 100% specificity

and 76% sensitivity20 in identifying basal-like cancers.

Basal-like cancers, so named because they express genes

that are present in normal basal/myoepithelial cells of

the breast, account for up to 15% of all breast cancers

but accounted for >50% of breast cancers in some

cohorts of patients in Africa.17 Mutant BRCA1-associ-

ated breast cancers have basal-like features, and BRCA1

inactivation is a common event in sporadic basal-like

breast tumors.18,19 In various studies of sporadic breast

cancers, �40% of tumors were moderately to strongly

positive for Fhit, whereas only 9% of BRCA1 mutant

tumors were positive for Fhit, suggesting that the

BRCA1 pathway is important in protecting the

FRA3B/FHIT locus from damage25; inactivation of the

BRCA1 pathway in basal/triple-negative cancers may

contribute to loss of expression of Fhit in these cancers

or, possibly, vice versa.

The objective of this study was to determine the rela-

tion of concordant Fhit andWwox loss in the carcinogen-

esis of currently described breast cancer subtypes. This

study revealed strong correlations between the triple-nega-

tive phenotype or the basal-like phenotype (triple negative

and positive for CK5/6 and/or EGFR) and reduced Fhit

and Wwox expression. The tumors with concordant loss

of Fhit and Wwox were much more likely to be basal-like

tumors than the tumors that strongly expressed Fhit or

Wwox. The results indicate that the inactivation of fragile

site genes is associated highly with and may play a role in

the formation of basal-like breast cancers. The molecular

events involved in this process need to be investigated in

in vivo experiments to help to identify new targets for

treatment.

An interesting area of investigation would be the

relation between basal-like breast cancers and activation

of the DNA damage response (DDR) checkpoint. It has

been demonstrated that DDR checkpoint proteins are

activated in preneoplastic and neoplastic lesions of the

skin, lung, and breast26-28; and it has been proposed that

activation of the checkpoint acts as a barrier to cancer pro-

gression until mutations in checkpoint genes allow the

growth of cells through the checkpoint despite DNA

damage, leading to genome instability and cancer progres-

sion. Loss of heterozygosity at the FHIT locus, and most

likely at theWWOX and other fragile loci, is concomitant

with DDR checkpoint activation.1,2,26-28 We hypothesize

that DNA breakage at the fragile gene loci actually may be

the event that triggers the DDR and, paradoxically, loss of

expression of the FHIT gene because of this breakage

alters the DDR checkpoint, because Fhit is involved in

normal responses to DNA damage.29-31 In addition, it

recently was reported that Fhit-negative sebaceous gland

carcinomas can exhibit impaired homologous recombina-

tion repair because of deletions of the BRCA1 or BRAC2

genes.32 Because basal-like breast cancers have lost or

reduced Fhit protein, these tumors are likely to have de-

fective, activated DDR checkpoints and may be especially

sensitive to inhibitors of checkpoint proteins, similar to

BRCA1-deficient tumors.16,18,33-35 Indeed, it has been

reported that the Chk1 protein is highly expressed in tri-

ple-negative breast cancers.36

HER-2 expression was related independently to both

Fhit and Wwox in our regression analysis, although the

relation to Wwox did not reach significance in our univari-

ate analysis. However, the concordant loss of Fhit and

Wwox was not correlated with HER-2 expression. The

relation between Fhit, Wwox, and HER-2 expression will

need more detailed examination to determine whether frag-

ile gene inactivation also contributes to the development of

some HER-2 overexpressing breast tumors or whether the

apparent correlation is because of complex interactions

among several proteins, including Wwox and Fhit.

The other marker that had a strong and independ-

ent, inverse correlation with Fhit and Wwox expression

was EGFR, which is a target for basal-like breast cancer

treatment that currently is being investigated.17 Thus, it

will be important to learn more regarding the correlations

between EGFR and Wwox/Fhit expression in vivo and

the possible effects of these correlations on responses to

experimental EGFR-based therapies.

We also examined the expression of AP2a and

AP2c, proteins that interact physically with Wwox.10,37
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Nuclear AP2c expression also was more frequent in basal-

like tumors, perhaps partially because ofWwox reduction,

which would release AP2c from cytoplasmic binding to

Wwox. AP2c would then be free to act as a transcriptional
regulator in the nucleus. However, we did not observe a

significant association between nuclear AP2a or AP2c
and Wwox expression in specific breast cancer subtypes;

among the basal-like cancers, there were only 3 that

strongly expressed Wwox, too few for a statistical analysis.

Because there are many known and potential Wwox inter-

actor proteins, we will need to isolate specific interactors

in specific breast normal and cancer subtypes to define the

hierarchy of important Wwox effector proteins. Also, the

current in vivo analyses suggest that the mechanisms that

control the levels of AP2 transcription factor expression

are more complex than illustrated by the in vitro studies.

Recently, a role for BRCA1 as stem cell regulator was

described,38 and it is possible that Fhit also has a role,

albeit undefined, in stem cells, as suggested recently for

hematopoietic stem cells.39 Thus, it is possible that thera-

pies based on the inhibition of a DDR checkpoint, even

an abnormal checkpoint such as observed for BRCA1-

and/or Fhit-deficient cells, may be a targeted strategy for

the treatment of basal-like/triple-negative breast cancers

and even may target the stem cells of such cancers.
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