Original Article

Overexpression of Gli1 in cancer interstitial tissues predicts early
relapse after radical operation of breast cancer
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Objective: To investigate whether Glil expression is important in relapse after radical operation of breast
cancer.

Methods: Using immunohistochemistry, Glil expression was analyzed in human primary breast cancer
(n=284) and paracancerous tissues (n=20), and also in local lymph nodes (n=28) and metastatic lymph nodes
(n=28).

Results: Initial analysis of Glil expression in a small cohort of 20 breast tumors and their paracancerous
tissues showed a tendency towards Glil overexpression in breast cancer tissues (P<0.001). Further, Glil
expression in 284 breast cancer tissue samples was analyzed and a significant correlation was found between
increased expression of nuclear Glil and unfavorable recurrence-free survival (RFS) (P<0.05). The nuclear
expression of Glil in metastatic lymph nodes following relapse after radical operation was much higher than
that in the local lymph nodes of primary carcinoma (P<0.05). Most interestingly, the expression of Glil was
much higher in the interstitial tissues of the relapsed group than of the non-relapsed group (P<0.001).
Conclusions: Breast cancer shows a high prevalence of Glil expression, which is significantly correlated
with aggressive features and unfavorable RFS. Nuclear Glil overexpression, especially in the interstitial

tissues, signified early relapse after radical operation of breast cancer.

Key Words: Glil; prognosis; breast cancer

EErE  Submitted Dec 10, 2011. Accepted for publication Apr 13, 2012.
Bt DOI: 10.3978/j.issn.1000-9604.2012.10.04
E&EE:  Scan to your mobile device or view this article at: http://www.thecjcr.org/article/view/998/1510
¥ p ] g
Introduction Hedgehog (HH) is a major pathway that is critical in

embryonic development (2,3), stem cell maintenance (4) and
tumorigenesis (5). It not only contributes to development and
regeneration, but also leads to transformation of progenitors
when continuously activated, which might culminate in
cancers such as small-cell lung carcinoma (6) and prostate (7)
and digestive tract tumors (8). Most interestingly, aberrant

Breast cancer is a significant global public health problem.
Despite major advances in adjuvant therapy, therapeutic
options for patients with unresectable metastatic disease,
recurrent disease or triple negative breast cancer are limited.
Approximately 39,840 patients died of this disease in the

USA in 2010 (1), emphasizing the need for new therapies. reactivation of HH signaling in breast cancer has been
A better understanding of the mechanisms that underlie the reported (9,10). Gli proteins act at the downstream end
development of breast cancer would help to identify novel of the HH pathway where they control transcriptional
molecular targets for its treatment and determine more programs in response to pathway activation. Indeed, the
accurate clinicopathological prognostic factors. induction of G/il mRNA expression by HH signaling is a
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reliable marker for pathway activity (11).

There are no reported data on the dynamic changes of
Glil expression, which is a key HH pathway target, in breast
cancer patients who experienced relapse/metastasis. The
current study retrospectively investigated the expression
of the Glil protein in human breast cancer tissues and
evaluated the clinical implications of HH signal activation
for patients who experienced relapse or metastasis.

Patients and methods
Patients and tissue samples

A total of 302 breast cancer patients (median age, 52 years;
range, 26-78 years) with positive pathological examination
findings (including ductal and lobular cancer) were all
chosen from the Second Affiliated Hospital of Dalian
Medical University, Dalian, China between April 2002 and
December 2004. Of the 302 breast cancer samples, 18 cases
with missing records of survival time and survival status
were excluded. The clinicopathological characteristics
and the outcomes of these patients were recorded. Forty-
five patients were suffering from cancer relapse, of whom
28 cases had metastatic superficial nodules confirmed by
pathology, and the metastatic superficial nodules were
named “metastatic lymph nodes”. In comparison, the lymph
nodes identified during the radical operation were named
“local lymph nodes”, and these 45 patients formed the
‘relapsed group’. The other 239 cases had not experienced
relapse by the end of the follow-up period and they formed
the ‘non-relapsed group’. The observation period was from
2002 to 2009, with a median follow-up time of 62 months
(range, 3-83 months). Clinical and pathologic factors were
evaluated, including age, T- and N-classification, clinical
stage, presence of steroid receptors and human epidermal
growth factor receptor 2 (HER-2) expression. To use these
clinical materials for research purposes, patients’ written
consent and the approval from the Ethic Committee of the
Second Affiliated Hospital of Dalian Medical University
were obtained before the study. The clinical stages of all the
patients were classified according to the 2002 TNM staging
of the International Union Against Cancer (UICC). Follow-
up information was obtained from office charts, hospital
records, and telephone interviews.

Immunobistochemistry

Immunohistochemical analysis was carried out using
the Histostain"™-Plus Kit (ZSGB-Bio, Beijing, China)
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according to the manufacturer’s instruction. Paraffin-
embedded breast cancer sections (4 pm) were deparaffinized
with xylene and rehydrated. Subsequently, antigen retrieval
was performed by heating in an autoclave in 10 mmol/L
sodium citrate buffer (pH 6.0). Then the sections were
treated with 3% hydrogen peroxide in methanol to quench
the endogenous peroxidase activity, and 1% bovine serum
albumin was used to block non-specific binding, followed
by incubation of the sections with a rabbit polyclonal anti-
Glil antibody (1:100, Santa Cruz sc-20687, CA) overnight
at 4 °C. After washing with phosphate buffered saline (PBS),
the sections were incubated with biotinylated secondary
antibody, followed by incubation with the streptavidin-
horseradish peroxidase complex. The sections were then
immersed in 3,3'-diaminobenzidine (DAB) for 6 min,
counterstained with 10% Mayer’s hematoxylin, dehydrated,
and mounted in crystal mount. PBS was used instead of
primary antibody for negative control. To minimize variation
in the immunopositive cells, all sections were stained in DAB
for the same amount of time. Two pathologists, blinded
to the clinical outcome, scored the results of the staining
independently. Measurements of estrogen receptor (ER),
progesterone receptor (PR) and HER-2 were routinely
performed as previously described (12).

Evaluation of immunohistochemistry

Glil expression both in interstitial tissues of cancer and in
cancer tissues was assessed as either high or low by using
the Immuno-Reactive-Score (IRS). First, the number of
positive cells and staining intensity were evaluated semi-
quantitatively. The IRS is the product of the staining
intensity (graded between negative =0 and strong =3) and
the percentage of positively stained cells (graded between 0
and 4; 1<25%, 2=25-50%, 3=51-75%, and 4>75%). If the
final IRS score was 7-12, Glil expression was considered
high, otherwise Glil expression was considered low (13).
Cases with discrepancies in IRS score were discussed
together with other pathologists until a consensus was
reached.

For evaluation of ER and PR, the fraction of positively
staining nuclei was categorized into negative (0-1%), weak
(2-10%), medium (11-75%) or high (76-100%) (12). For
statistical analyses, variables were assigned as “negative”
or “positive” using the clinically established cut-off for ER
and PR at 10% positive nuclei. The evaluation of HER-2
was performed according to current clinical practice (14).
Amplification of HER-2 gene in tumors with a medium

www.thecjcr.org Chin J Cancer Res 2012;24(4):263-274



Chinese Journal of Cancer Research, Vol 24, No 4 December 2012

265

Table 1 Expression of Glil in primary breast cancer and paracancerous tissues of breast cancer

Gli1 nuclear immunoreactivity

Group - P
High Low
Cancer 17 3
; ) <0.001
Adjacent tissue 5 15

Low. IRS=0-6; High. IRS=7-12

HER-2 staining intensity of “score 2” was tested by
additional fluorescence in situ hybridization (FISH) analyses
in order to determine HER-2 amplification of these tumors.

Statistical analysis

Immunohistochemical data were statistically analyzed
using SPSS 17.0 software (SPSS Inc., Chicago, IL, USA).
P<0.05 was defined to be statistically significant. The Chi-
Square test was employed to evaluate the differences in Glil
expression between the different categories of tissues and
to assess the correlation between clinical features and Glil
expression in breast cancer. The score of immunoreactivity
was analyzed and compared by independent #-tests.
Recurrence-free survival (RFS) was calculated in accordance
with the Kaplan-Meier equation and compared using the
log-rank test.

Results

Increased expression of Glil in primary breast cancer
tissues

We analyzed Glil expression in a set of tumor and adjacent
tissues (7=20 respectively, Table 1). Glil could be detected in
both the nuclei and cytoplasm of non-cancerous cells, but
was mainly localized to the nuclei of cancer cells. Because
Glil is a transcription factor, nuclear Glil expression was
scored in subsequent analyses. Among the 20 samples, 17
exhibited high levels of Glil expression in the tumor tissues,
whereas 5 of the 20 paracancerous tissues displayed high
expression levels. The tumors (Figure 14,B) exhibited a
higher level of Glil expression, and the overexpression of
Glil was statistically significant (P<0.001).

Correlation analysis of Glil expression and

clinicopathological parameters

We further analyzed the Glil expression of 284 breast
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cancer tissue samples and examined possible correlations
between Glil expression profiles and the patients’
clinicopathological characteristics. As presented in Table 2,
Glil expression was strongly correlated with age (P<0.001)
and HER-2 expression (P=0.019). No significant association
was found between Glil expression and T-classification
(P=0.094), N-classification (P=0.08), clinical stage (P=0.362),
or the presence of ER (P=0.616) or PR (P=0.597).

Glil nuclear overexpression predicts relapse

We analyzed the relationship between Glil nuclear
overexpression and RFS. As expected, Glil expression
displayed a significant correlation with RFS (P=0.046,
Table 3). The recurrence rate, assessed by the Kaplan-
Meier method (Figure 2), was 17.8% (42/236) in the high
expression group, whereas it was only 6.2% (3/48) in the
low expression group (P=0.046). The clinicopathological
classification (T- and N- classification), ER and HER-
2 status, and clinical stage were important indicators for
RFS in breast cancer (P<0.05, respectively), but age and the
presence of PR were not (Table 4).

To further assess the factors affecting RES, we stratified
patients into two various clinicopathological categories,
and separated them based on Glil expression (shown in
Tiable 5). The odds ratio (OR) was determined and the 95%
confidence interval (95% CI) was estimated. These are
shown in Tible 6. After stratification, T- and N-classification,
clinical stage and ER seemed to serve as a risk factor
(P<0.001, P<0.001, P<0.001, and P=0.002, respectively) of
breast cancer relapse in the Glil high expression group, age
could in the low expression group (P=0.016), clinical stage
could in either group, while PR could in neither group
(P>0.05, respectively).

The recurrence rate was 17.8% (42/236) in the high
expression subset compared to 6.3% (3/48) in the low
expression subset. However, when only patients with
T2+3+4 classifications were analyzed, the recurrence rate
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Figure 1 Immunohistochemical analysis. A. Nuclear expression of Glil protein in cancer tissue; B. interstitial tissue of cancer; C. local

metastatic lymph node of primary cancer; D. relapsed metastatic lymph node; and E. non-metastatic normal lymph node. (“1” pointed to D

metastatic cancer tissue in lymph node; @) cancer tissue; 3 interstitial tissue of cancer) (400x)

was 31.2% (34/109) in the high expression group and
11.1% (3/27) in the low expression group. A similar result
was found in patients with N1+2+3 and clinical stages II+111,
which were also shown in Kaplan-Meier curves of RFS
(Figure 3). That is, the recurrence rate was much higher in
the high expression group than in the low expression group.
Furthermore, in our study, the median RFS was 25 months
(range, 3-67 months) in the Glil high expression group
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compared to 64 months (range, 8-83 months) in the Glil
low expression group.

Glil overexpression in metastatic lymph nodes of relapsed
breast cancers

Glil was mainly detected in the nuclei of leukomonocytes
in the lymph nodes (Figure 1C,D) of breast cancer patients
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Table 2 Clinicopathological features in relation to Glil nuclear immunoreactivity

Gli1 nuclear immunoreactivity

Case No. P
Low High
Age (year)
<35 12 6 6
36-59 180 37 143 <0.001
>60 92 5) 87
T-classification
T 148 23 125
T2 105 15 90
0.094
T3 29 9 20
T4 2 1 1
N-classification
NO 147 23 124
N1 107 15 92
0.080
N2 25 8 17
N3 5] 2 3
Clinical stage
| 129 26 103
Il 113 15 98 0.362
1] 42 7 35
ER presence
Negative 115 21 94
0.616
Positive 169 27 142
PR presence
Negative 138 25 113
0.597
Positive 146 23 123
HER-2 presence
Negative 88 18 70
0.019
Positive 196 30 166

Low, IRS=0-6; High, IRS=7-12; ER, estrogen receptor; PR, progesterone receptor; HER-2, human epidermal growth factor receptor 2

Table 3 Expression of Glil in primary breast tumors in relapsed and non-relapsed patients

Gli1 nuclear immunoreactivity

Group : B
High Low
Relapsed 42 &
0.046
Non-relapsed 194 45

Low, IRS=0-6; High, IRS=7-12

which was much higher than non-metastatic lymph
nodes (Figure 1E), and 21/28 local lymph nodes examined
exhibited increased levels of Glil expression compared
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to 27/28 metastatic lymph nodes. The scores for the
proportion of positively staining cells and the staining
intensity of Glil in the nuclei of the samples from local
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Figure 2 Influence of Glil nuclear expression on RFS. RFS was
significantly shorter in patients with high Glil expression (IRS
7-12) compared to those with low expression (IRS 0-6) (P<0.001;

log-rank analysis)

lymph nodes of primary carcinoma were not significantly
different from the scores for samples taken from metastatic
lymph nodes following relapse after radical operation
(P=0.099, P=0.16, respectively, Figure 4). However both
the proportion of samples with a high IRS score and the
absolute value of the IRS score in the metastatic lymph
nodes were higher than those in the local lymph nodes,
which was statistically significant (P=0.022, P=0.039,
respectively, Table 7, Figure 4).

Glil overexpression in interstitial tissues is associated with
relapse after radical operation of breast cancer

We found Glil could be detected either in interstitial
tissues of cancer or in cancer tissues, or in both. In the
interstitial tissues of primary cancer, the rate of Glil
overexpression was 89.3% (25/28). The rate was 96.4%
(27/28) in the cancer tissue samples from the relapsed
group. In contrast, it was 13.4% (32/239, P<0.001) in
the interstitial tissues and 81.2% (194/239) in the cancer
tissues in the non-relapsed group. The difference was
statistically significant (P<0.05, Table 8). The median RES was
16 months (range, 3-58 months) in the Glil high expression
group in contrast to 66 months (range, 8-76 months) in the
Glil low expression group.

© Chinese Journal of Cancer Research. All rights reserved.

Table 4 Univariate analysis of prognostic factors for RFS

RFS case No. Recurrence events B

Age (year)
<35 8 4
36-59 152 28 0.227
>60 79 i3
T-classification
T1 140 8
T2 93 12
<0.001
T3 6 23
T4 0 2
N-classification
NO 139 8
N1 96 11
<0.001
N2 4 21
N3 0 5
Clinical stage
| 124 5
<0.001
Il 105
1]l 10 32
ER presence
Negative 86 29
<0.001
Positive 1563 16
PR presence
Negative 113 25
0.308
Positive 126 20
HER-2 presence
Negative 82 6
0.005
Positive 157 89
Glit’
Low 45 3
0.046
High 194 42

‘Low, IRS=0-6; high, IRS=7-12

Discussion

Although lymph node metastasis, large tumor size,
and poorly differentiated histopathological grade are
commonly considered to be established prognostic markers
of metastasis (15), distant metastasis still occurs and the
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Table 5 The stratification for correlation analysis based on Glil expression for the clinicopathological parameters and breast cancer relapse

Gli1 low expression (IRS=0-6)

Gli1 high expression (IRS=7-12)

P
Relapsed Non-relapsed Relapsed Non-relapsed
Age (year)
<35 2 6 2 2
0.016 0.089
>36 1 39 40 192
T-classification
T1 0 21 8 119
0.115 <0.001
T2-4 3 24 34 75
N-classification
NO 0 28 8 111
0.172 <0.001
N1-3 3 17 34 83
Clinical stage
I 0 85 5 89
0.003 <0.001
-1 3 10 37 105
ER presence
Negative 2 12 27 74
. 0.140 0.002
Positive 1 83 15 120
PR presence
Negative 2 16 23 97
0.281 0.576
Positive 1 29 19 97
HER-2 presence
Negative 0 35 12 48
0.003 0.605
Positive 3 10 30 146
Table 6 OR of RFS associated with Glil expression in breast cancer patients
Gli1 low expression (IRS=0-6) Gli1 high expression (IRS=7-12)
OR 95% Cl OR 95% Cl
Age (<35 vs. >36) 13.000 1.015-166.441 4.800 0.657-35.092
T-classification (T1 vs. T2-4) 1.125 0.985-1.285 1.362 1.191-1.557
N-classification (NO vs. N1-3) 1.176 0.979-1.414 1.315 1.160-1.491
Clinical stage (I vs. II-Ill) 1.300 0.965-1.751 1.280 1.148-1.428
ER (negative vs. positive) 5.500 0.456-66.319 2.919 1.458-5.846
PR (negative vs. positive) 3.625 0.305-43.151 1.211 0.620-2.365
HER-2 (negative vs. positive) 1.300 0.965-1.751 0.964 0.836-1.113

processes of invasion and metastasis that cause mortality
in patients are extraordinarily distinctive features of breast
cancer progression (16). Thus, it is imperative to address the
factors underlying tumorigenesis, invasion and metastasis.
The name of Hedgehog is derived from the appearance of
the mutant fruit fly embryo, which is covered with bristles.

© Chinese Journal of Cancer Research. All rights reserved.

The HH genes are highly conserved and exist in many other
organisms and mammals. Gli is a member of HH signaling
cascade and was first described in 1980 through the seminal
work of Niisslein-Volhard and Wieschaus (17). Vertebrate
HH genes were subsequently reported in 1993 (18-21). In
common with other pathways, HH is mainly composed of
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Figure 3 Kaplan-Meier curves of RFS stratified by Glil status according T- and N-classification. A,B. In each panel of patients with the
same T-classification or N-classification clinical stage, the RFS was significantly shorter in the high Glil expression group compared to the
other group; C. In the clinical stages II+IIT panel, the RFS was significantly shorter in patients with high Glil expression compared to those
with low expression (A. P=0.027; B. P=0.018; C. P=0.032)

Table 7 The nuclear expression of Glil in the local lymph nodes of primary carcinoma and the metastatic lymph nodes

. " . . Gli1 staining Gli1 immuno-
%Gili1 positive stained cells (n) . ] el
Lymph node P intensity” (n) P reactivity® (n) P
0 1 2 & 4 1 2 & Low High
Local 0 1 4 11 12 2 11 15 7 21
: 0.338 0.263 0.022
Metastatic 0 0 1 11 16 0 9 19 1 27

‘The percentage of positively stained cells was graded between 0 and 4. 1<25%; 2=25-50%; 3=51-75%; 4=75%. “The staining
intensity was graded between 0 (no staining) and 3 (strong staining). Gli1 nuclear immunoreactivity. Low. IRS =0-6; High. IRS =7-12

*
12¢ < )
@ primary tumor
metastatic lymph
10F

o
o 6f
A
4 -
LS L
4 116
L]
0 -
IRS Intensity Percentage
Glil Score of Glil Score of % Glil
Lymph node ) = P o . P . ) P
immunoreactivity staining intensity positive stained cells
Local 8.00+2.90 2.46+0.64 3.21+0.83
0.039* 0.160 0.099
Metastatic 9.39+1.93 2.68+0.48 3.54+0.58

Figure 4 The score of nuclear immunoreactivity for Glil in local lymph nodes of primary carcinoma and metastatic lymph nodes. *P<0.05
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Table 8 The Glil expression in interstitial tissues and cancer tissues in relapsed and non-relapsed patients
Interstitial tissue of cancer . Cancer tissue 5
Low High Low High
Relapsed 3 25 1 27
<0.001 0.043
Non-relapsed 207 32 45 194

Gli1 nuclear immunoreactivity. Low. IRS =0-6; High. IRS =7-12

three parts: ligands (HH: DHH, IHH, and SHH), receptor
complexes and transcription factors. HH proteins act as
ligands for receptor complexes located on the membrane of
nearby cells. The mammalian HH receptor complex consists
of at least three transmembrane proteins: patched 1 protein
(PTCH1), Smoothened (SMO) and HH interacting protein
(HIP) (22-23). In the absence of ligands, PTCH1 binds to
SMO and blocks its function. In the presence of ligands,
SMO initiates a signaling cascade that results in activation
of the transcription factors Glil, Gli2, and Gli3 (24). Gli
proteins that serve as nuclear executors of HH-signaling
contain a C-terminal transactivation domain, but Gli2
and Gli3 were shown to have an N-terminal repression
domain. Modification of the N-terminus of Gli2 and Gli3
may be a critical step in the regulation of the transcriptional
activity of Gli proteins. Removal of a large portion of the
N-terminus results in constitutively active Gli2 and Gli3
proteins (25). In contrast to Gli2 and Gli3, Glil is mainly
regulated at the transcriptional level and represents a
direct transcriptional target of the HH pathway (26-29).
Glil expression, especially after nuclear translocation, is
considered a valuable marker of HH activation (30-35).
Activated HH allows the translocation of Glis (Glil, 2, 3)
to the nucleus, where it activates HH-target genes. The
classical theory suggests that the ability of Gli proteins to
be activated is controlled by interactions with upstream
factors of HH signaling, including HH, PTCH1 and SMO.
However, recent studies have found that Glil expression
is in a non-canonical, SMO-independent manner (36).
That is, at least part of the role of HH signaling can occur
by directly activating Glil without upstream factors.
Accordingly, research on Glil is a more clinically significant
focus of research into the Hh signaling pathway. In this
study, we identified Glil as an important player in breast
cancer progression.

At the start of this study, differential expression of Glil
was detected between primary cancer tissues, and their
matched adjacent non-cancerous tissues. Wherein, 85% of
primary cancer tissues and 25% of their matched adjacent

© Chinese Journal of Cancer Research. All rights reserved.

non-cancerous tissues displayed high Glil expression.
Data were statistically significant. In order to answer the
clinical significance of this first explorative approach, we
investigated a large number of samples. The analysis of 284
primary breast cancer cases revealed that Glil expression
was strongly correlated with age and HER-2 expression.
To our knowledge, youth and HER-2 overexpression were
correlated with an unfavorable prognosis (37). Of patients
with distant metastases, 93.3% (42/45) showed high Glil
expression, compared to 81.2% (194/239) of patients
without distant metastasis. These outcomes indicated that
a high level of Glil expression might contribute to the
invasion and progression of breast cancer. In our study, the
level of Glil expression was a little higher than in some
others (38,39); therefore the higher proportion of advanced
cancer cases may have been one of the causes. Therefore,
we further analyzed the relationship between Glil nuclear
overexpression and RFS. As expected, Glil expression
displayed a significant correlation with RFS (P=0.046). The
recurrence rate was 17.8% (42/236) in the high expression
(IRS=7-12) group, whereas it was only 6.2% (3/48) in the
low expression (IRS=1-6) group (P=0.046). There were also
significantly different outcomes between the patients with
high and low levels of Glil expression by subset analysis.
For example, when patients with T2+3+4 classifications
were analyzed, the recurrence rate was 11.1% (3/27) in
the low expression group and 31.2% (34/109) in the high
expression group. A similar result was found in patients
with N1+2+3 and clinical stage II+I1I, which was also shown
in Kaplan-Meier curves of RES. The above observations
suggested that Glil could be used to predict the relapse of
breast cancer.

To determine if Glil could serve as a clinically useful risk
factor for RFS, the patients were separated according to
their IRS score for Glil expression, and according to their
clinicopathological parameters. A correlation analysis was
performed, and the OR and 95% CI were estimated. After
stratification, 'T- and N-classification, clinical stage and ER
seemed to serve as risk factors (P<0.001, P<0.001, P<0.001,
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and P=0.002, respectively) of breast cancer relapse in the
Glil high expression group; age was a risk factor in the low
expression group (P=0.016); clinical stage was a risk factor
in both groups; and PR was not a risk factor in either group
(P=0.281 and 0.576, respectively). It is very important to
note that the difference in Glil expression was related to
prognosis, supporting the view that Glil can be used to
predict relapse of breast cancer.

As metastasis can occur with the development of
the tumor, some genes may constantly regulate tumor
development. They may not only facilitate primary tumor
initiation but also promote tumor transformation and
metastasis (40). G/il gene is an example of this. It had been
proposed that the cell-autonomous sequential increases in
Glil activity are a crucial component of tumor progression
(41,42). Consistent with this, 7y~-NRASQG61K; INK4a—/—
mouse melanoma showed higher levels of Glil in the
lymph nodes after metastasis than in primary skin sites (40).
Analyses of limited collections of primary and metastatic
human tumors have so far been inconclusive but there is
a suggestion of higher Glil expression in metastasis (43).
In our study, 45 patients were suffering from relapses,
of whom 28 have metastatic superficial nodules that had
been confirmed by pathology. In order to understand the
characteristics of Glil expression in cancer tissues, we
further compared the difference in Glil expression in the
local lymph nodes of primary carcinomas and metastatic
lymph nodes of the breast cancer relapse after radical
operation. Glil could also be detected mainly in the nuclei
of leukomonocytes in the lymph nodes of breast cancer.
We found 21/28 analyzed local lymph nodes exhibited
increased levels of Glil expression compared to 27/28 in
the metastatic lymph nodes. Both the proportion of samples
and the score of immunoreactivity of Glil overexpression
in the metastatic lymph nodes were higher and statistically
significant (P=0.022, P=0.039, respectively). Although the
proportion of positive cells and the staining intensity of
Glil in the nucleus of the local lymph node of primary
carcinoma and the metastatic lymph node of the breast
cancer relapse after radical operation was not statistically
significant (P=0.099), this may be due to the small sample
size. There was no trend towards a difference in the
staining intensity (P=0.16). The expression pattern of Glil
indicates that Glil plays a prominent role in breast cancer
progression and metastasis. Glil expression in the nuclei of
leukomonocytes in the lymph nodes as part of interstitial
reaction, the features and clinical significance need to be

studied further and clarified.
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When Glil expression in the cancer tissues was analyzed,
it was detected in both the nuclei and cytoplasm. At the
tissue level, we found Glil could be detected either in
interstitial tissues of cancer or in cancer tissues or in both.
When the primary cancer tissues of the 28 metastatic lymph
nodes were taken out for analysis from the rest non-relapsed
primary cancer tissues, we were surprised to find that
the rate of Glil overexpression was 89.3% (25/28) in the
relapsed group, which was much higher than of the non-
relapsed group (13.4%, 32/239, P<0.001) in the interstitial
tissues of primary cancer. The difference was statistically
significant (P<0.001). Thus, the tissue distribution of high
Glil expression had considerable impacts on the prognosis
of breast cancer.

In short, there were interstitial molecular changes before
metastasis, and high Glil expression in the interstitial tissue
could be an indicator for breast cancer relapse. Glil nuclear
expression measured using an immunohistochemistry-based
scoring system might have a role in future multi-marker panels
for human breast cancer prognosis or molecular sub-typing.

The median RFS was 25 months (range, 3-67 months)
in the Glil high expression group in contrast to 64 months
(range, 8-83 months) in the Glil low expression group. Our
research showed that high Glil expression suggested that
tumor recurrence occurred earlier. It was 16 months (range,
3-58 months) in contrast to 66 months of median RFS
(range, 8-76 months) in interstitial tissues, which further
seemed to imply early relapse after radical operation of
breast cancer. The above suggested there were interstitial
changes that promote metastasis in cancer tissues.

Taken together, these results indicate that Glil
expression, together with other clinicopathological
parameters, could be helpful to evaluate prognosis.
Furthermore, we found that Glil overexpression in
interstitial tissues may predict cancer relapse. Glil
overexpression was demonstrated by both nuclear and
cytoplasmic staining, in accordance with another study (13).
However, multi-center studies are still required for further
analysis of Glil expression in breast cancer tissues and the
cellular and molecular mechanism of Glil expression.
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