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ABSTRACT
Objectives: Breast cancer is the most common cancer and the most common reason for cancer death in women
population. The immunohistochemical markers which could have prognostic information are always needed. 
Methods: This study included 365 cases of invasive ductal carcinoma (IDC), ductal carcinoma in situ (DCIS)
and ductal epithelial hyperplasia. The cases divided into the following two groups according to the presence
of cancer: 1) cancer group (298 cases; cases with IDC and DCIS), 2) non-cancer group (67 cases without
cancer; cases with usual ductal epithelial hyperplasia [UDH] and atypical ductal epithelial hyperplasia [ADH]).
All histological slides stained with high molecular weight cytokeratin (HMWCK), p27, C-X-C chemokine
receptor type 4 (CXCR-4), stromal cell-derived factor 1 (SDF-1) immunohistochemically. 
Results: IDC was present in 277 cases, of which 213 had pure IDC, and 64 had DCIS component adjacent to
the invasive tumor. Twenty-one cases had only DCIS. Of 67 cases with epithelial hyperplasia, 31 had ADH,
and 36 had UDH. Among cases with IDC, 143 had lymph node excision, of which 73 had metastasis in one or
more lymph nodes, and 70 did not have metastatic disease. The expression of p27 was found to be significantly
lower in the cancer group as compared to that in the non-cancer group (p < 0.0001). CXCR-4 expression in
IDC was found to be higher than that of DCIS group. SDF-1 expression was observed to be significantly higher
in cancer cases than that of non-cancer cases (p = 0.03). 
Conclusions: The higher CXCR-4 and SDF-1 expressions are associated with tumor progression, tumor size,
and lymph node status. In benign proliferative lesions, both HMWK and p27 expressions were helpful in
differential diagnosis of borderline atypical ductal hyperplasia and DCIS. 
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reast cancer is the most common cancer type and
the leading cause of cancer-related deaths in

women. Invasive ductal carcinoma (IDC) constitutes

the largest group of malignant breast tumors. Precursor
lesions of IDC can be found around the primary tumor
mass in mastectomy specimens as well as in biopsy
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specimens obtained from patients presenting with the
complaint of breast mass [1, 2]. Precancerous lesions
of the breast include usual ductal epithelial hyperplasia
(UDH), atypical ductal epithelial hyperplasia (ADH),
and ductal carcinoma in situ (DCIS). Women with
UDH have 2.5 times lower risk of subsequent cancer
development as compared to those with ADH, the later
stage of UDH [3]. It is known that these lesions are in
fact part of a progressive process, which shows conti-
nuity and the steps of which are not explicit. In breast
cancer, which is a biologically heterogeneous disease
with a clinical course that may vary from slow to rapid
progression, immunohistochemical markers are
needed to predict prognosis and metastatic disease and
to overcome problems associated with differential di-
agnosis [4]. 
      Cytokeratins are intracellular fibrous proteins
found in almost all epithelial tissues. There exist at
least 20 subtypes defined according to the molecular
weight. High molecular weight cytokeratin
(HMWCK), also known as 34βE12, is specific to ker-
atin in basilar cells [5]. Its expression is of benefit in
the differential diagnosis of benign lesions such as
UDH or ADH, which maintain basal differentiation
character. Some researchers observed a decrease in the
expression of HMWCK in the order of UDH, ADH
and DCIS lesions and advocated that this marker could
be useful in the differential diagnosis of intraductal
proliferative lesions of the breast [5]. 
      In cell cycle, p27 possesses a key role. It is known
that apoptosis regulator Bcl-2 affects cell cycle pro-
gression by increasing p27 levels [6]. The decrease in
the expression of p27 protein has been reported cor-
related with poor prognosis, disease recurrence, and
disease-related deaths in patients with early-stage
breast cancer, and decreased expression of p27 has
been supported to be an independent indicator of poor
prognosis [7]. In various studies, decreased p27 ex-
pression suggested being an important option for tar-
geted therapy in cancer treatment [8]. 
      The chemokines are small molecules from the
chemo-attractive cytokine family. They are divided
into four subgroups, according to their characteristic
residual cysteine component, as α (C-X-C), β (C-C),
γ (C) and δ (C-X-X-X-C) [9]. SDF-1, or CXCL-12, is
a member of chemokine α subgroup and is the sole lig-
and ever known of G-protein coupled chemokine re-
ceptor called CXCR-4 [10, 11]. SDF-1 is produced in

many organs including lungs, liver, bones, brain, thy-
mus and lymph nodes, basically by the stromal cells
[12]. Disruption in the SDF-1/CXCR-4 interaction
negatively affects the development of hematopoietic,
cardiovascular and neural systems, leading, in turn, to
defective embryonic development [13]. 
      In the present study, we aimed to evaluate the
prognostic value of HMWCK, p27, CXCR-4 and
SDF-1 markers in benign proliferative diseases, DCIS,
and IDC immunohistochemically. As well as the utility
of these markers in eliminating the problems associ-
ated with a differential diagnosis of these diseases and
in tumor progression steps. 

METHODS

Case Selection 
      A review of all modified radical mastectomy
specimens, excisional breast biopsies, and needle core
biopsies of the breast that evaluated between 2006 and
2008. The cases divided into the following two groups
according to the presence of cancer: 1) cancer group
(298 cases; cases with IDC and DCIS), 2) non-cancer
group (67 cases without cancer; cases with UDH and
ADH). Among five hundred and thirty-five breast
biopsies, three hundred and ninety-six cases with the
diagnosis of UDH, ADH, DCIS, and IDC selected, and
365 cases which were suitable for tissue microarray,
included in the study. 
      The ethical review committee of Gazi University
Medical Faculty approved the study. The authors
declare that they had all necessary consent from any
patients involved in the study.

Tissue Microarray and Preparation of Paraffin
Blocks 
      Tissue microarray (TMA) is a method that allows
for analysis of multiple tissues from different patients
or different blocks on the same slide by obtaining
tissue cores fromconventional paraffin blocks [14].
During the examination of breast biopsies, we choose
four representative microscopic fields of the lesion.
We removed tissue cores from the marked fields in
paraffin-embedded donor blocks using a 0.1-cm
needle (Veridiam advanced tissue arrayer, VTA-100,
USA). We arrayed these tissue cores into a recipient
TMA block. Accordingly, we constructed 22 TMA
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paraffin blocks each containing 20 different tissue
cores (on average). Paraffin blocks were sectioned at
5 µm, and sections were then mounted on polylysine-
coated slides. 

Immunohistochemical Staining and Evaluation 
      Staining was performed using three-step indirect
streptavidin-biotin immunoperoxidase method to
determine HMWCK, p27, CXCR-4 and SDF-1
expression. HMWCK (Thermo Scientific, Mouse
monoclonal IgG1, Runcorn. Cheshire, UK), p27
(Thermo Scientific p27 Kip1, Runcorn. Cheshire,
UK), CXCR-4 (Santa Cruz, Fusin H-118, CA, USA)
and SDF-1 (Santa Cruz, P-159X, CA, USA)
antibodies were diluted 1:50 in phosphate buffered
saline (pH 7.4, PBS). Biotinylated secondary linking
antibody, streptavidin-biotin complex, and the
chromogens 3,3’-diaminobenzidine (DAB) and 3-
amino-9-ethylcarbazole (AEC) were available as
ready-to-use commercial kits. Cytoplasmic staining
for HMWCK, CXCR-4, SDF-1 and nuclear staining
for p27 were considered positive in the evaluation of
immunohistochemical staining. Normal skin, normal
spleen and normal liver tissues used as a positive
control for HMWCK, CXCR-4 and SDF-1 antibody,
respectively, whereas prostaticadenocarcinoma and
normal prostate tissue selected as positive controls for
the p27 antibody. The staining intensity and extensity
noted as percentages. 

Statistical Analysis 
      Multi-group comparisons were performed using
analysis of variance (ANOVA) for normally
distributed numerical variables and the Kruskal-Wallis
test for non-normally distributed variables. Paired

comparisons were carried out using the Student’s t-test
for normally distributed numerical variables and the
Mann-Whitney U test for non-normally distributed
numerical variables. A p-value < 0.05 was considered
statistically significant. In subgroup analyses, the level
of significance was evaluated with Bonferroni-
corrected p values. The Statistical Package for Social
Sciences (SPSS, Inc., Chicago, IL, USA) version 12
was used in statistical analyses. 

RESULTS

      Three hundred and sixty-five cases included in the
study. IDC was present in 277 cases, of which 213 had
pure IDC,and 64 had DCIS component adjacent to the
invasive tumor. Twenty-one cases had DCIS. Of 67
cases with epithelial hyperplasia, 31 had ADH, and 36
had UDH. Of 298 cases with IDC and DCIS, 157 were
mastectomies, and excisional biopsy specimens and
141 were needle biopsy specimens. Data on tumor
diameter was available only for mastectomy or
excisional biopsy specimens. Of 157 cases, tumor
diameter was ≤ 2 cm in 80 cases and > 2 cm in 77
cases. Among cases with IDC, 143 cases had lymph
node excision, of which 73 had metastasis in one or
more lymph nodes,and 70 did not have metastatic
disease. 
      The intensity of staining with HMWCK, p27,
CXCR-4 and SDF-1 antibodies was 14%, 10%, 15%
and 23% in average in the UDH group, 20%, 18%,
15% and 33% in the ADH group, 5%, 3%, 37% and
50% in the DCIS group, 5%, 4%, 34% and 33% in the
IDC group without DCIS component, and 8%, 6%,
43% and 34% in the IDC group with DCIS component
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Figure 1. HMWCK expression was found to be higher in the UDH (a) and ADH (b) group than in the IDC (c) group. (a) HMWCK
×100, (b) HMWCK ×40, and (c) HMWCK ×100. 
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Table 1. Distribution of HMWCK, p27, CXCR-4 and SDF-1 expressions according to the cases 

 No of 
cases 

Staining intensity 
(mean of %) 

 p value 

  HMW
CK p27 CXCR-4 SDF-1  HMWCK p27 CXCR-4 SDF-1 

UDH 36 14 ± 19 10 ± 17 15 ± 23 23 ± 28 

ADH 0.55 0.001 0.66 0.21 
DCIS 0.03 0.29 0.04 0.004 
IDC 
(w/o 

DCIS) 
0.0007 0.005 0.001 0.01 

IDC 
(w/ DCIS) 0.02 0.48 0.00001 0.07 

ADH 31 20 ± 28 18 ± 14 15 ± 27 33 ± 32 

DCIS 0.01 0.0001 0.04 0.06 
IDC 
(w/o 

DCIS) 
0.0001 0.0001 0.001 0.65 

IDC 
(w/ DCIS) 0.006 0.0001 0.00001 0.75 

DCIS 21 5 ± 11 3 ± 4 37 ± 39 50 ± 38 

IDC 
(w/o 

DCIS) 
0.91 0.13 0.91 0.06 

IDC 
(w/ DCIS) 

0.66 0.66 0.40 0.12 

IDC 
w/o DCIS 

213 5 ± 15 4 ± 10 34 ± 34 33 ± 28 
IDC 

(w/ DCIS) 
0.56 0.004 0.03 0.98 

IDC 
w/ DCIS 

64 8 ± 21 6 ± 11 43 ± 33 34 ± 32 
IDC 
(w/o 

DCIS) 

HMWCK = high molecular weight cytokeratin, CXCR-4 = C-X-C chemokine receptor type 4, SDF-1 = stromal cell-derived 
factor 1, UDH = Usual ductal hyperplasia, ADH = Atypical ductal hyperplasia, DCIS = Ductal carcinoma in situ, IDC w/o 
DCIS = Invasive ductal carcinoma without DCIS, IDC w/ DCIS = Invasive ductal carcinoma with DCIS !

!

Table 2. Distribution of HMWCK, p27, CXCR-4 and SDF-1 expressions according to other variables. 
 No of 

cases 
Staining intensity (%) p value 

HMWCK p27 CXCR-4 SDF-1 HMWCK p27 CXCR-4 SDF-1 

Presence of cancer 
Cancer 298 6 ± 16 4 ± 10 36 ± 34 34 ± 30 

< 0.0001 < 0.0001 < 0.0001 0.03 
Benign 67 17 ± 24 14 ± 16 15 ± 25 27 ± 30 
Tumor diameter 
2 cm ↓ 80 7 ± 18 5 ± 11 34 ± 34 34 ± 28 

0.14 0.16 0.10 0.45 
2 cm ↑ 77 6 ± 18 2 ± 7 42 ± 31 29 ± 25 
Lymph node metastasis 
Present 73 6 ± 16 4 ± 11 39 ± 33 34 ± 27 

0.93 0.07 0.61 0.23 
None 70 8 ± 20 4 ± 8 37 ± 33 30 ± 28 

HMWCK = high molecular weight cytokeratin, CXCR-4 = C-X-C chemokine receptor type 4, SDF-1 = stromal cell-
derived factor 1 
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(Table 1). Also, HMWCK, p27, CXCR-4 and SDF-1
expressions compared with the presence of cancer,
lymph node metastasis status and tumor diameter
(Table 2). 
      In the present study, there was no significant
difference between the UDH and ADH groups
regarding HMWCK expression; however, both
epithelial hyperplasia groups exhibited significantly
higher staining intensity as compared to the IDC group
(p < 0.005 for each) (Figure 1). The expression of p27
was found to be significantly lower in the cancer group
as compared to that in the non-cancer group (p <
0.0001) (Figure 2). Furthermore, p27 expression was
significantly higher in the ADH group when compared
individually to the IDC and DCIS groups (p < 0.0001)
for each. When the epithelial hyperplasia groups
compared, p27 expression found higher in the ADH
group than that in the UDH group.We could not find a
significant association between tumor size and

HMWCK or p27 expression or between the presence
of metastatic disease and HMWCK or p27 expression. 
      After DCIS step, CXCR-4 receptor expression
increased markedly (p < 0.001) through
carcinogenesis. CXCR-4 expression in IDC was found
to be higher than that of DCIS group (Figure 3).
Although it wasn't statistically significant, a directly
proportional increment between CXCR-4 expression
and the presence of lymph node metastasis and the
increase in tumor diameter was detected. SDF-1
expression was observed to be significantly higher in
cancer cases than that of non-cancer cases (p = 0.03)
(Figure 4). It is remarkable that each group in the
cancer cases showed more SDF-1 expression than
ADH and UDH groups. In epithelial hyperplasia
group, SDF-1 expression was found to be higher in
ADH group than UDH group. Also, SDF-1 expression
was also higher in tumors with lymph node metastasis. 
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Figure 2. The expression of p27 was found to be significantly higher in the non-cancer group (a) as compared to that in the cancer
group (b). (a) p27 ×200 and (b) p27 ×200. 

!
Figure 3. Comparison between the ADH (a) and IDC (b), CXCR-4 receptor expression increased markedly after DCIS step, through
carcinogenesis [CXCR-4 stain (a) ×40, (b) ×40]. 
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DISCUSSION

      Breast cancer is a biologically heterogeneous
disease. Clinical parameters associated with prognoses
such as tumor size and lymph node status are utilized
[15]; however, there is still research on markers that
could predict clinical course in patients with negative
lymph nodes. 
      In the carcinogenesis of breast cancer, it is known
that ADH progress to DCIS with an increase in atypia
and eventually to invasive carcinoma [16]. It has been
demonstrated that cases with DCIS have chromosomal
instability similar to those with IDC and
low/moderate- and high-grade DCIS have different
small chromosomal changes [17]. Transition across
these steps may not be explicit. Differentiation
between ADH and DCIS or between DCIS and IDC
can be challenging [18]. Immunohistochemical
markers could be helpful in such diagnostic
challenges. The HMWCK expression is of benefit in
the differential diagnosis of benign lesions such as
UDH or ADH. It has been stated that HMWCK is
helpful in determining intraductal proliferative lesions
and could be a supportive finding in the presence of
atypia [19]. Some researchers observed a decrease in
the expression of HMWCK in the order of UDH, ADH
and DCIS lesions and advocated that this marker could
be useful in the differential diagnosis of intraductal
proliferative lesions of the breast [5]. 
      In another study, diffuse and intense staining for

HMWCK was demonstrated in UDH and ADH areas,
loss of staining or focal and weak expression was
determined in DCIS cases; in the light of these
findings, the authors regarded HMWCK as a helpful
marker in problematic cases [20]. 
In this study, both epithelial hyperplasia groups
exhibited significantly higher HMWCK staining
intensity as compared to the IDC group. This finding
suggested that HMWCK expression might have been
upregulated in benign proliferative lesions of the
breast and down-regulated in the course ofthe
progressive disease. As HMWCK expression was
found to be higher in the ADH group than in the DCIS
group, we thought that HMWCK expression could be
beneficial in diagnosing cases who fall into a
transitional zone in tumorigenesis and who, therefore,
could represent diagnostic challenges. 
      In various studies, the decreased p27 expression
has been accepted as the fundamental finding in breast
cancer,and suggested to be an important option for
targeted therapy in cancer treatment [8]. Moreover, it
has been considered that increased p27 expression
could be evaluated as an independent indicator of the
prognosis [15, 21]. The decrease in the expression of
p27 protein has been reported to be correlated with
poor prognosis, disease recurrence, and disease-related
deaths in patients with early-stage breast cancer, and
decreased expression of p27 has been supported to be
an independent indicator of poor prognosis [7]. 
      When the epithelial hyperplasia groups were
compared, p27 expression was higher in the ADH
group than that in the UDH group; this could be due
to the lower number of cases with epithelial
hyperplasia. The expression of p27 was found to be
significantly lower in the cancer group as compared
to that in the non-cancer group. p27 expression was
significantly higher in the ADH group when compared
individually to the IDC and DISC groups. These
findings suggested that p27 expression disappeared
with the development of cancer. 
      CXCR-4 was documented to play a role in the
process of metastasis of numerous types of tumors
[22], in organ-specific tumor extension stages [23]; in
the induction of proliferation of tumor cells [24]; in
the processes of invasion [25], and in neo-
angiogenesis [26]. Although CXCR-4 cannot be
shown in the epithelium lining normal breast ducts, it
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Figure 4. SDF-1 expression was observed to be significantly
higher in cancer cases (SDF-1 stain ×40)
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commences being expressed after ADH step,
representing a quite earlier step of malignant
transformation [27]. 
      In our study, after DCIS step, CXCR-4 receptor
expression increased markedly through
carcinogenesis. CXCR-4 expression in IDC was found
to be higher than that of DCIS group. It was
documented to reveal an increase in CXCR-4
expression with the progression through the steps of
tumor generation. SDF-1 expression was observed to
be significantly higher in cancer cases than that of
non-cancer cases. Also, in epithelial hyperplasia
group, SDF-1 expression was found to be higher in
ADH group than UDH group. These results suggest
that SDF-1 expression can be used as one of the poor
prognostic markers. 
      The presence of metastasis has proven to be one
of the most important prognostic factors determining
life expectancy for breast cancer patients. The axillary
lymph nodes are the most commonly encountered
metastasis site in patients with invasive breast cancer,
occurring in 38% of these cases [28]. The CXCR-4
receptor was also reported to be expressed in the
anatomic regions to which distinct types of cancerous
tumors spread, and this observation was considered to
be in favor of the theory regarding organ-specific
attracting molecules in the process of migration of
tumor cells to specific regions [29]. Genetic
investigations suggested that the interaction between
SDF-1 and CXCR-4 was associated with the
aggressive course, increased invasion potential and
rapid tumor growth [30]. Moreover, it has been
advocated that the breast cancer cases possessing
SDF-1/CXCR-4 complexes were more invasive and
more rapidly migrating and that SDF-1 level was
useful in predicting lymph node involvement,
recurrences and disease-free survival time [31]. 
      SDF-1 has been expressed very intensely
aroundcancer and in the lymph nodes draining the
cancerous area [32]. In addition to metastatic axillary
lymph nodes, high levels of CXCR-4 expression was
also reported in the metastatic breast carcinomas to the
liver and the lungs [33]. A significant correlation has
been detected between diffuse nuclear CXCR-4
positivity and lymph node metastasis [34]. 
      In our study, a directly proportional increment
between CXCR-4 expression and the presence of

lymph node metastasis and the increase in tumor
diameter was detected. SDF-1 expression was also
higher in tumors with lymph node metastasis. Thus
prompting us to consider that CXCR-4 and SDF-1
might be used as an ominous prognostic indicator in
general tumor pathogenesis steps. 

CONCLUSION

      Breast carcinoma is one of the tumors of which
early diagnosis and treatment are of vital importance.
Researches have resulted in an array of
immunohistochemical markers that would have
prognostic value in tissues accessible by needle
biopsy, which is relatively an easy method. In the
present study, we found that HMWCK and p27 were
expressed in the non-cancer group and when used
together, they could be beneficial in biopsies
particularly in cases with ADH and DCIS where the
lesions lie in the transitional zone and represent a
challenge in the differential diagnosis.We concluded
that the indicators, CXCR-4 and SDF-1, could be used
as poor prognostic factors compatible with an increase
in tumor diameter and the presence of lymph node
metastasis during the steps of tumorigenesis. 
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