
Abstract. Aim: To determine the correlation of
phosphorylated human epidermal growth factor receptor-2
(pHER2) with clinicopathological characteristics of breast
cancer (BC) and patients’ response to trastuzumab-based
therapy. Patients and Methods: pHER2 was determinated
immuno-histochemically in 88 cases of HER2-positive and 50
cases of HER2-negative BC. All patients with HER2-positive
BC received trastuzumab-based therapy and 16 of them
(18.2%) had disease progression during therapy treatment (i.e.
trastuzumab-resistant). Results: pHER2 was predominantly
expressed in HER2-positive BC, with 55 cases (62.5%) of
tumours expressing pHER2. Six cases of HER2-negative cancer
(12.5%) displayed positive expression of pHER2. Expression of
pHER2 correlated with younger age of patients and negative
oestrogen receptor status. Acquisition of resistance to
trastuzumab correlated with negativity for pHER2 (p=0.028).
Conclusion: Positive expression of pHER2 may yield additional
information regarding the poor prognosis of BC and could be
used for pre-selection of patients with HER2-overexpressing
BC displaying resistance to trastuzumab treatment. 

Human epidermal growth factor receptor-2 (HER2) is a
transmembrane growth factor receptor belonging to the family
of epidermal growth factor receptors (EGFR) that regulates
cell growth and proliferation (1, 2). They are activated by
binding of numerous ligands, leading to receptor dimerization
and subsequent phosphorylation on the intracellular domain.

Phosphorylation of receptors activates the downstream
signalling pathways, resulting among others, in cell
proliferation and migration (3, 4). Since HER2 is an orphan
receptor (i.e. its ligand has not been identified), its activation
takes place not just by ligand-mediated heterodimerization
with other members of the EGFR family, but also by
spontaneous ligand–independent homodimerization,
especially in HER2-overexpressing tumours (5-7).
Phosphorylation of HER2 (pHER2) is a precondition for
downstream signalling and represents the functional and
active form of HER2 (8). The main site of auto-
phosphorylation of HER2 is on tyrosine 1248 residue
(Tyr1248) (8, 9). Experiments on mammary tumours in
HER2-positive transgenic mice showed that HER2 is usually
present in the phosphorylated state (10). However, studies on
HER2-positive breast cancer disagree on the percentage of
HER2 in the phosphorylated state, reporting from 10% to
80% pHER2-positive cases (11-16). HER2 is overexpressed
in approximately 20-25% of cases of invasive breast cancer
(BC), resulting in tumours with more aggressive biological
behaviour leading to poor prognosis, shorter survival and
increased risk of death (1, 2). Patients with HER2-
overexpressing tumours receive therapy with a monoclonal
antibody against HER2, trastuzumab (Herceptin®; Roche).
Binding of trastuzumab to the external domain of HER2
receptor leads to disruption of homodimerization and down-
regulation of its signalling pathway (4, 17). In patients with
HER2-overexpressing BC, trastuzumab-based therapy results
in prolonged progression-free and overall survival (17, 18).
However, although trastuzumab therapy is effective, still more
than 30% of patients with HER2-positive tumours do not
respond to this therapy (19). We studied the expression of
active/phosphorylated HER2 in HER2-positive and -negative
BC aiming to determine whether the receptor’s activity
(reflected by site-specific phosphorylation on Tyr1248) is
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potentially clinically useful, with respect to the efficacy of
trastuzumab-based treatment and standard prognostic
parameters for BC [size of the tumour, histological grade,
oestrogen (ER) and progesterone (PR) receptor status and
number of positive lymph nodes].  

Patients and Methods

Patients. The study was performed on archived paraffin-embedded
tissue samples obtained from 138 patients with primary ductal
invasive BC, diagnosed and treated between 2008 and 2010 at the
University Hospital for Tumours, Zagreb, Croatia. According to
HER2 status, available from pathological reports, 88 patients were
diagnosed with positive and 50 patients with negative HER2 status.
Standard clinicopathological parameters (tumour size, histological
grade, lymph node status, ER and PR status) and the age of patients
were retrieved from the pathological reports. ER and PR were
expressed as a percentage of stained cells (Table I). The cut-off
value for hormone receptors was 10%. All HER2 positive cases
included in the study received trastuzumab-based therapy for at least
one year. First-line therapy was chemotherapy combined with
trastuzumab (according to the treatment protocols) and then
trastuzumab as single agent in 3-week cycles up to 17 cycles or
more. Patients were selected for trastuzumab-based therapy
according to immunohistochemical (IHC) HER2 3+ score (77 cases)
or gene amplification confirmed by chromogenic in situ
hybridization (CISH) in HER2 2+ cases (11 cases). Resistance to
trastuzumab recorded as metastatic progression of the disease during
trastuzumab therapy, which was detected using radiological methods
as distant metastasis to liver, bones or brain, was taken from hospital
charts. Sixteen out of 88 (18.2%) patients who received
trastuzumab-based therapy patients had progression of disease.

Immunohistochemical method. Immunohistochemical staining was
performed on archived, formalin-fixed and paraffin-embedded
tumour tissues (donor block), prepared as tissue micro array blocks
(Tissue-Tek®Quick Ray™ System; Sakura, Japan). Using a core
needle, three 2-mm size cores of chosen areas were taken from each
donor block and placed into a recipient block. After one hour at
60˚C, prepared blocks with multiple tissue samples were embedded
in paraffin. Tumour tissue microarrays were cut in 2-3 μm sections,
deparaffinized in xylene, and rehydrated through alcohol to distilled
water. After drying, sections were then heated in a water-bath for
20 min at 97˚C in a target retrieval solution, pH 9.0 (S2367; Dako,
Glostrup, Denmark). Prior to immunohistochemical staining,
sections were treated with peroxidase blocking solution for 5 min.
After rinsing with buffer, the sections were incubated with the
primary mouse monoclonal antibody against phosphorylated HER2
on Tyr1248 (HER2-pY-1248, clone PN2A; Dako) at 1:40 dilution
overnight at 4˚C, followed by immunohistochemical staining with
universal secondary antibody conjugated with horseradish
peroxidase (EnVision Flex/HRP High pH; Dako). Antibody PN2A is
highly specific for the activated tyrosine-phosphorylated form of
HER2 (pY-Tyr1248) and does not cross-react with closely related
receptors (15). Subsequently, sections were incubated with 3,3’-
diaminobenzidine (DAB) chromogen, counterstained with
hematoxylin, dehydrated, cleared, and cover-slipped. Paraffin-
embedded recombinant human EGFR stimulated SKBR-3 BC cell
line was used as positive control (Dako). Negative controls were

obtained by omitting the primary antibody. Positive reaction of
PN2A primary antibody is membranous, with possible cytoplasmic
staining. Expression of pHER2 was assessed using semi-quantitative
scoring method of the HercepTest™ (0=no staining or weak
membranous staining in fewer than 10% of tumour cells, 1+=weak,
fragmented membranous staining, 2+=moderate and 3+=strong
membranous staining in more than 10% of tumour cells). Tumours
that expressed moderate (2+) to strong (3+) membranous staining
pattern in more than 10% of tumour cells were considered as
pHER2 expressors. Tumours that expressed weak membranous
staining (1+) or only cytoplasmic staining were considered negative.
Expression of pHER2 was scored in three cores from each tumour
and the average score was used. 

Statistical analysis. To determine significant associations between
the expression of pHER2 and clinicopathological parameters,
Student’s t-test for quantitative variables (age and tumour size) and
Chi square test with Yates correction for qualitative variables
grouped as positive or negative (ER and PR, status of lymph nodes
and trastuzumab resistance) were used. Spearman’s analysis was
used to correlate the pHER2 and response to trastuzumab with
prognostic parameters within the HER2-positive group. Analyses
were performed using StatSoft software Statistica 7.0 (Tulsa, OK,
USA) with the level of statistical significance set at p<0.05. 

Results

Out of 138 patient tumour tissues samples included in the
study, pHER2 was positive in 61 tumours (44.2%) with
strong membranous staining in 33 samples and moderate
staining in 28 samples. pHER2 was negative in 77 tumours
(55.8%), with weak staining in 43 samples and without
staining in 34 tissue samples. Figure 1 shows pHER2
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Table I. Clinicopathological features of 138 patients with human
epidermal growth factor receptor-2-overexpressing (HER2-positive) and
HER2-non-expressing (HER2-negative) primary breast cancer.

Clinicopathological feature HER2-positive HER2-negative
n=88 n=50

Age (years) 
Mean (±Std. dev.) 55.7 (±11.2) 60.0 (±13.6) 

Tumour size (mm)
Mean (±Std. dev.) 26.4 (±17.3) 29.3 (±15.1) 

Histological grade (n, %)
II 38 (43.2) 29 (58)
III 50 (56.8) 17 (34)

Positive lymph node status (n, %) 54 (61.4) 25 (50)
Hormone receptor status (n, %)*

ER positive 46 (52.3) 44 (88)
PR positive 35 (39.8) 32 (64) 

Response to trastuzumab 
therapy (n, %)

Sensitive 72 (81.8) -
Resistant 16 (18.2) -

*ER: Οestrogen receptor; PR: progesterone receptor.



expression according to HER2 score. pHER2 was positive in
62.5% (55/88) of HER2-positive tumours, with strong
membranous staining in 31 and moderate staining in 24.
pHER2 was negative in 33 tumours, with weak staining in
30 tumours and without staining in three. pHER2 was
predominantly positive in HER2-positive tumours compared
to HER2-negative tumours (χ2=30.95, p<0.001) (Figure 2).
In the HER2-negative group, 88% of tumours displayed a
non-phosphorylated form of HER2 (Figure 2). pHER2 was
positive in only six tumours (12%), with strong membranous
staining in two and moderate staining in four. Negative
pHER2 status was found in 44 tumours, with weak staining
in 13 tumours and without staining in 31.

Association of pHER2 with clinicopathological parameters.
Table II presents differences in clinicopathological
characteristics between pHER2-positive and -negative
tumours. Patients with pHER2-positive tumours were
younger than those with pHER2-negative tumours
(p=0.006). Although not statistically significant, pHER2-
positive tumours were smaller in size than pHER2-negative
ones (p=0.061). pHER2-positive tumours were less
differentiated (grade III in 66% of cases vs. 46.7% grade III
in pHER2-negative tumours), but grade and lymph node
status did not differ between pHER2-positive and -negative
tumours. The expression of pHER2 inversely correlated with
positivity for ER: positive ER was found in 49.2% of
pHER2-positive tumours vs. 77.9% of ER-positive tumours
with negative pHER2 (p<0.001). 

Association of pHER2 expression with trastuzumab
resistance. Acquisition of resistance to trastuzumab correlated
with negativity for pHER2 (p=0.028). Trastuzumab-resistant
tumours expressed lower levels of pHER2, with only 37.5%
(6/16) of cases having positive pHER2 compared to 68.1%
(49/72) of pHER2-positive cases in trastuzumab-sensitive
tumours (Figure 3). Only four trastuzumab-sensitive tumours
(5.5%) had complete absence of immunohistochemical
staining. The mean size of trastuzumab-resistant tumours was
34.8 mm compared to 24.7 mm for trastuzumab-sensitive
tumours (t-test, p=0.032). Spearman correlation analysis
revealed positive correlation of resistance with the number of
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Figure 1. Distribution of phosphorylated human epidermal growth factor
receptor 2 (pHER2) expression in relation to HER2 score according to
the Hercep Test and gene amplification status. pHER2-positive tumours
were predominantly score 3+ in 51/77 (66.3%) of cases and score 2+
with gene amplification (amplified) in 4/11 (36.4%). pHER2-negative
tumours were score 0 in 18 cases (100%), score 1+ in 9/12 (36.4%) and
2+ without gene amplification (non-amplified) in 17/20 (85%). 

Figure 2. Percentage of phosphorylated human epidermal growth factor
receptor-2 (pHER2)-positive tumours in relation to total HER2 status.
pHER2 was positive in 62.5% of HER2-positive tumours and in 12% of
HER2-negative tumours (χ2=30.95, p<0.001).

Figure 3. Number of phosphorylated human epidermal growth factor
receptor-2 (pHER2) positive tumours in relation to efficacy of
trastuzumab-based therapy. pHER2 was positive in 49/72 (68.1%) of
trastuzumab-sensitive tumours while only 6/16 (37.5%) of trastuzumab-
resistant tumours showed pHER2 positivity (χ2=4.84, p=0.028). 



positive lymph nodes (R=0.292, p=0.006), tumour size
(R=0.224, p=0.038) and although not statistically significant,
with tumour grade (R=0.179, p=0.099). Thirteen patients
(81.3%) who did not benefit from trastuzumab therapy had
positive lymph nodes at the time of diagnosis. Resistant
tumours had the lowest level of ER positivity, with only
31.3% (5/16) of cases being ER-positive. Acquisition of
resistance correlated with ER-negative status, but this was not
statistically significant (R=0.190, p=0.079).

Discussion

HER2 is overexpressed in 20-25% of BC cases (1). In
pathological conditions, its ability to form dimers with all
receptors from the EGFR family results in uncontrolled
growth and migration of tumour and poor prognosis (2, 3).
Ligand-independent homodimerization is a preferred
mechanism in HER2-overexpressing tumours and a reason
for receptor deregulated phosphorylation/activation and
oncogenic transformation of cells (4-6). Experiments in
vitro on HER2-positive BC cells and on mammary tumours
in HER2-positive transgenic mice showed that HER2 is
always found in the phosphorylated state (13, 21, 22). Our
work showed that pHER2 was predominantly expressed in
HER2-positive tumours, with 62.5% positive cases,
indicating that when HER2 is overexpressed, it is
commonly activated (p<0.001). Our results are similar to
those reported in studies by Cicenas et al. (8) and Hayashi
et al. (23), where pHER2 expression was found in 68-73%
of HER2-positive tumours. Yet results from other studies

reported discordant percentages of pHER2 positivity in
HER2-positive BC (9, 13, 16). In studies by DiGiovanna et
al. (2, 14) and Thor et al. (15), pHER2 positivity was
observed in only 10-12% of the HER2-positive cases. A
discrepancy between their and our results may be due to
differences in the case cohorts, modifications in
immunohistochemical methodology or different cut-off
values used for evaluation of pHER2 positivity. However,
it still remains to be answered why HER2 may be
overexpressed but not activated. Many studies reported that
HER2-overexpressing tumours “prefer” homodimerization
and Tyr1248 phosphorylation of HER2 is the main
autophosphorylation site (11, 21). The finding of 37.5%
tumours negative for pHER2 among HER2-positive
tumours in our study could be explained by possible
receptor mutations in the phosphorylation domain or by
phosphorylation on other sites through heterodimerization
with other receptors of the EGFR family rather than
homodimerization (21). Interestingly, not all tumours that
were pHER2-positive had a HER2 overexpression. In fact,
we found that in six cases (12%) of HER2-negative
tumours, pHER2 was positive, and 13 tumours (26%) even
had weak pHER2 expression. This weak pHER2 expression
correlated with weak-to-moderate expression of HER2 on
the cell membrane, which was negative according to the
Hercep test score (Figure 1). Our results confirmed findings
by Cicenas et al. (8) where 27% of HER2-negative cases
expressed pHER2. Similar findings were reported by
Wulfkuhle et al. (24), who found pHER2-
positive/fluorescence in situ hybridization-negative tumours
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Table II. Differences in clinicopathological features between phosphorylated human epidermal growth factor receptor-2-positive (pHER2-positive)
and pHER2-negative primary breast cancer.

Clinicopathological feature pHER2-positive pHER2-negative p-Value
n=61 n=77

Age (years)
Mean (±Std. dev.) 54.0 (±10.5) 59.7 (±13.0) 0.006*

Tumour size (mm)
Mean (±Std. dev.) 24.5 (±12.3) 29.8 (±19.1) 0.061*

Histological grade (n, %)
II 29 (34.0) 38 (49.4) (χ2=0.03)
III 31 (66.0) 36 (46.7) 0.862†

Lymph node status (n, %) 
Positive 33 (54.1) 46 (59.7) (χ2=0.24)
Negative 28 (45.9) 31 (40.3) 0.623†

Oestrogen receptor status (n, %)
Positive 30 (49.2) 60 (77.9) (χ2=11.16)
Negative 31 (50.8) 17 (22.1) <0.001†

Progesterone receptor status (n, %)
Positive 26 (42.6) 41 (53.2) (χ2=1.14)
Negative 35 (57.4) 36 (46.8) 0.285†

*t-test; †χ2 test with Yates correction.



using quantitative protein microarray assays. These results
support the hypothesis that even lower levels of HER2 may
be sufficient to elicit a potent mitogenic signal (25, 26).
The finding of low HER2-expressing tumours with positive
pHER2 could also indicate HER2 activation through
heterodimerization, which is able to activate HER2 in cases
of low expression. This was confirmed in a study by Frogne
et al. (27), where 83% of HER2-negative cases with
pHER2-positive expression also had positive expression of
HER1 and HER3. Moreover, expression of pHER2 in low
HER2-expressing tumours indicated that these tumours had
HER2-mediated growth, and thus may be potential
responders to anti-HER2 therapy. In BC cell lines,
Menendez et al. showed that trastuzumab can be effective
in low HER2-expressing tumours (25). Our findings
differed from a study of Thor et al. (15), who failed to
detect pHER2 in 509 BC cases without HER2
overexpression. Multiple studies have shown that pHER2 is
a predictor of poor response and survival in BC (2, 8, 15,
23, 27, 28). In a study of Thor et al. (15), HER2-positive
cases with positive pHER2 had lower survival rates than the
HER2-positive but pHER2-negative ones. They suggested
that pHER2 expression could be used for a selection of
patients with BC with a more aggressive course of disease
and shorter survival. Expression of pHER2 with HER2
expression could allow for more accurate prognosis. Since
survival analysis was not the subject of this research, we
cannot firmly confirm this theory. We did not find any
significant difference of tumour grade or number of positive
lymph nodes between pHER2-positive and -negative
tumours. pHER2-positive tumours were mostly of grade III
(66% vs. 46.7%), but with fewer positive lymph nodes
(54.1% vs. 59.7%) than pHER2-negative. Positive pHER2
strongly correlated with ER-negativity (p<0.001) and with
younger age of patients (p=0.006). Interestingly, some
authors reported correlation of pHER2 with younger age,
higher grade, negativity for ER or negativity for PR (8, 15,
27), while some failed to report any correlation of pHER2
with clinicopathological characteristics of BC (29).
Contrary to previous results, we found a negative
correlation of pHER2 with tumour size (15). This
discrepancy suggests that pHER2 positivity could be a
marker for tumours with higher potency for growth and
migration. This statement is supported by the theory of
DiGiovanna et al. (28), who reported that HER2 is very
active in early tumourigenesis, suggesting that such
tumours have aggressive biological behaviour from the
outset. Heterogeneity between pHER2 and HER2
expression presented in Figure 1, demonstrates that positive
pHER2 expression cannot be used as a surrogate for HER2
positivity. HER2 overexpression is mandatory for
trastuzumab therapy, but it is not sufficient alone for
efficacy. Although trastuzumab represents the most widely

used anti-HER2 therapy, many patients with HER2-
overexpression do not benefit from this therapy (16, 19).
Recent studies have shown that trastuzumab inhibits HER2
homodimerization, but does not reduce HER2
phosphorylation (21, 30). One possible explanation may be
that in trastuzumab-resistant tumours, HER2 signalling
through homodimerization is no longer a main pathway.
There are several currently proposed molecular mechanisms
for trastuzumab resistance and some of them are dependent
on pHER2 formation (truncated, but constitutively active
p95HER2, HER2 mutations leading to kinase-active
receptor, cross-activation by other growth factor receptors)
(4, 17, 18, 19). In our study, 16 out of 88 patients who
received trastuzumab therapy (18.2%) had distant
metastases. Furthermore, pHER2 expression significantly
differed between trastuzumab-resistant and -sensitive cases.
Trastuzumab-resistant tumours were more frequently
pHER2-negative, with 62.5% pHER2-negative cases vs.
31.9% pHER2-negative cases in trastuzumab-sensitive
tumours (p=0.028). The predictive value of pHER2 in BC
was also reported by Giuliani et al., where 89% of pHER2-
positive cases had obtained a response to trastuzumab
therapy vs. 49% of pHER2-negative ones (31). Moreover,
previous studies demonstrated that progression-free survival
in trastuzumab-based treatment more than doubled in
patients with pHER2-positive tumours, compared with
patients lacking pHER2 positivity (20, 22, 29, 31). In our
study, trastuzumab-resistant tumours were larger then
trastuzumab-sensitive ones, with more positive lymph node
involvement. We found that trastuzumab-resistant tumours
had lower expression of ER than did trastuzumab-sensitive
tumours. Only Ross et al. (20) reported that ER-positive
tumours have a better response to trastuzumab treatment.
Crosstalk between ER and HER2 signalling pathways is
also one proposed mechanisms of trastuzumab resistance
(18, 19). Overall, expression of activated HER2 gives
additional information on the biological behaviour of
HER2-overexpressing tumours. Heterogeneity in pHER2
and HER2 expression demonstrates that pHER2 cannot be
used as a surrogate for HER2. Still, expression of pHER2
could be used for pre-selection of patients for trastuzumab-
based therapy. Combined with HER2 positivity, pHER2-
positive cases could be categorized as good candidates for
trastuzumab therapy. Patients with HER2-positive/pHER2-
negative tumours could be categorized as poor candidates,
who would not respond to trastuzumab therapy and perhaps
who could benefit from double anti-tyrosine kinase therapy
in first-line treatment (lapatinib, pertuzumab). The question
remains whether patients with low HER2 expression but
pHER2-positive tumours are candidates for any therapy
with tyrosine kinase inhibitors. Our study confirms that
pHER2 is a marker of poor prognosis and characterizes
tumours of higher malignant potential. 
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