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Abstract

Triple negative (TN) (estrogen receptor [ER], progesterone receptor [PR] and Her2 negative) are 

highly aggressive, rapidly growing, hormone unresponsive tumors diagnosed at later stage that 

affect younger women with shorter overall survival. The majority of TN tumors are of the basal 

type. For the remainder identification of target markers for effective treatment strategies remains a 

challenge. Transgelin (TGLN) is a 22 kDa actin-binding protein of the calponin family. It is one of 

the earliest markers of smooth muscle differentiation. TGLN has been shown to have important 

biologic activities including regulating muscle fiber contractility, cell migration and tumor 

suppression. We examined TGLN expression in the different molecular subtypes of breast cancer.

TGLN expression was examined as a function of tumor size, grade, histologic type, lymph node 

(LN) status, patients’ age and overall survival, ER, PR, Her-2, Ki-67 in 101 tumors that included 

35 luminal A, 28 luminal B, 4 Her2, and 34 TN types.

TGLN positivity (defined as 2+ or 3+) was associated with more aggressive tumors (10% of grade 

I/II tumors were TGLN+ vs. 53% of grade III tumors, P<0.001), high Ki-67 count and low ER and 

PR expression (p<0.001), but not with tumor size, age or LN metastasis. TN (n=34) tumors were 

7.7 times more likely to be TGLN-positive than non-TN (n=67) tumors (77% vs. 10%, 

respectively, P<0.001).
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TGLN may be an excellent diagnostic marker of TN tumors and could be useful in stratification of 

patients. TGLN may also prove a potential target for future treatment strategies.
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1. Introduction

Breast cancer is a heterogeneous disease encompassing various entities with distinct 

morphological features and clinical behaviors. This diversity is the result of distinct genetic, 

epigenetic, and transcriptomic alterations [1–3]. Recently proposed classification schemes 

employ gene expression microarray analysis, to categorize breast cancer phenotypes based 

on their molecular features. The purpose of these classification systems is to facilitate 

identification of tumor markers that may serve as indicators of prognosis and potentially as 

therapeutic targets. Breast cancers are therefore categorized within five major molecular 

subtypes: luminal A, luminal B, normal breast-like, HER2, and basal-like [4–8]. However, 

the utility of such assignments of molecular subtyping, especially the basal-like subgroup, 

has generated much interest and has been called into question by scientists, pathologists and 

oncologists alike [9–11]. Triple-negative (TN) tumors (estrogen receptor [ER]-progesterone 

receptor [PR]-Her-2 negative) are highly aggressive, rapidly-growing, hormone-

unresponsive tumors that tend to be diagnosed at a later stage, affect younger women, and 

are associated with shorter overall survival [4, 12, 13]. TN tumors have recently been shown 

to be molecularly, pathologically and clinically a heterogeneous subgroup, although the 

majority are basal-like. TGLN, also known as smooth muscle protein 22 a (SM22a) is a 22 

kDa actin-binding protein of the calponin family that has been shown to stabilize loose actin 

gels, leading to actin filament gelation [14–16] It is one of the earliest markers of smooth 

muscle differentiation [14–16]. Although the precise function of TGLN remains unknown, it 

has been implicated to have a role in many biologic activities, including regulating muscle 

fiber contractility, cell differentiation, tissue invasion and tumor suppression [15, 17–19].

TGLN has recently been studied on a wide variety of tumors, including breast, colorectal, 

gastric, gall bladder, pancreatic, prostate and lung adenocarcinomas, with conflicting results. 

While some studies have demonstrated decreased TGLN expression in breast [15, 18, 20], 

colorectal [15, 18], gallbladder [21] and prostate cancers [22, 23], others have demonstrated 

increased expression in colorectal, lung, gastric and pancreatic cancers [24–26].

The goal of this study was to systematically study TGLN expression across molecular 

subtypes of breast cancer, with emphasis on comparing TGLN expression in TN and Non-

TN tumors and correlating its expression with clinicopathologic parameters.

2. Patients and methods

2.1. Patient Cohort

This retrospective study was approved by the institutional review committee at the 

University of Kansas Medical Center. A total of 101 primary breast carcinomas diagnosed 
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between 1997 (when Her2 testing became available) and 2010, and for which ER, PR and 

Her-2 status and follow-up information was available, were examined. The cohort included 

94 invasive ductal, 7 invasive mixed ductal and lobular carcinomas. Based on the molecular 

subclassification, our dataset was composed of 35 luminal A (defined as ER+ and/or PR+, 

Her2 negative, Ki67 <14%), 28 luminal B (defined as ER+ and/or PR+ and Her2+ 

[Luminal-Her2+] or ER and/or PR+, Her2-, Ki67 ≥14%), 4 Her-2 positive (defined as ER 

negative, PR negative, Her2+), and 34 TN carcinomas (defined as ER and PR <1% and 

Her-2 negative by fluorescent in-situ hybridization [FISH] technology and automated 

immunohistochemistry [IHC]). The samples were taken from 52 mastectomy, 39 

lumpectomy, 8 excisional biopsies and 2 core biopsy specimens. Histopathologic 

parameters, including histologic grade and type at the time of histopathologic diagnosis were 

extracted from patient pathology records. All tumors were graded using the modified 

“Nottingham” criteria of Bloom and Richardson. Additional parameters of patients’ age, 

tumor size and lymph node (LN) metastasis were also recorded for mastectomy, 

lumpectomy and excisional biopsy specimens.

Clinical parameters, including type of therapy, tumor recurrence and overall survival status, 

were obtained from the electronic medical records. Overall (as opposed to disease-specific) 

survival status was reported because discrepancies and/or incomplete data on cause of death 

are common.

2.2. Immunohistochemical Data

At diagnosis, tissue blocks containing the most representative and well-preserved tumor 

areas were selected for IHC. Immunohistochemical analysis was performed on tissue fixed 

with 10% neutral buffered formalin. IHC analyses for ER, PR, Her-2, and Ki-67, were 

performed at the time of diagnosis on all specimens. IHC analysis for TGLN was performed 

on tissue microarrays obtained from the same samples. Briefly, after review of the H and E 

slides and marking of tumor areas, 2 mm tissue cores of representative tumor areas were 

extracted and inserted in recipient blocks. Two cores from each tumor were analyzed in an 

attempt to account for the impact of tumor heterogeneity on TGLN expression. Her-2 

antibody was detected using the HercepTest (DAKO, Carpinteria, CA). The individual 

antibodies, vendor, titration titer, time of titration, epitope retrieval method and method of 

detection are shown in Table 1.

Positive IHC reactions were defined as dark brown reaction cytoplasmic staining for TGLN, 

positive nuclear staining for ER, PR, and Ki-67 and dark brown reaction on the cell 

membrane for Her-2 with areas of high-density immunostaining selected for image analysis 

or manual scoring. For proliferation index (PI) of Ki-67, the percentage of nuclei with 

immunopositivity was determined using the PI program of first, the CAS (Cell Analysis 

System) 200 image analyzer (Bacus Laboratory, Chicago, IL) prior to 2001 and the 

Automated Cellular Imaging System (ACISTM) (San Juan Capistrano, CA) thereafter. For 

ER and PR both the CAS-200 and the ACISTM systems were used for scoring. Her-2 

staining was quantified using a score of 0 or 1+ to indicate negative, and 2+ or 3+ to denote 

positive staining, per the scoring instructions included in the HercepTest kit. Results were 

validated using the Her-2 scoring system of the ACIS system and by FISH. TGLN staining 
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was quantified manually using a score of 0 or 1+ as negative and 2+ or 3+ as positive. 

Staining of <1% of tumor cells with antibodies to ER and PR was considered ER-negative 

and PR-negative respectively.

2.3. Statistical Analysis

Overall frequencies and percentages were summarized for tumor grade, histology, LN 

status, and evidence of expression by IHC for ER, PR, Her-2, Ki-67 and TGLN. 

Distributions of continuous variables were characterized by medians: age at diagnosis, 

tumor size, and percent positive cells for IHC (ER, PR, Her-2, TGLN and Ki-67). 

Categorical variables were compared across groups by Fisher’s exact test. Continuous 

variables were compared using non-parametric Mann-Whitney test. Logistic regression 

analysis was used to examine the effect of multiple variables on TGLN positivity and tumor 

recurrence.

3. Results

TGLN exclusively localized in the cytoplasm of benign and malignant tumor cells in breast 

tissue with no nuclear localization. Strong cytoplasmic staining could be observed in 

myoepithelial cells and fibroblastic cells of benign breast tissue. Figures 1A and B highlight 

the myoepithelial cells in a normal breast (A) and in a representative case with sclerosing 

adenosis (B). Normal luminal cells are predominately negative or display very weak 

cytoplasmic staining. TGLN was expressed in 33% of the invasive carcinomas selected for 

study (33 of 101 cases) (Figure 2). Examples of tumors with absent, 1+, 2+ and 3+ 

positively stained invasive carcinoma cells are shown in Figures 3A, B and C, respectively. 

Although limited by a small number of cases containing a component of ductal carcinoma in 

situ (DCIS), we also observed strong staining of myoepithelial cells demarcating the lesion 

(Figure 3A). In the overwhelming majority of samples with invasive tumors, TGLN was 

highly expressed in the surrounding stroma irrespective of its staining intensity within tumor 

cells (90%) (Figures 2C and 3B). Clinicopathological parameters of TGLN + and TGLN 

negative tumors are summarized in Table 2. Although 100% (N=7) of mixed ductal-lobular 

tumors were negative for TGLN expression, compared to 35% of pure ductal tumors, this 

difference was not statistically significant. On the other hand, the variation in TGLN 

expression by SBR grade was statistically significant, with 53% of grade III tumors being 

TGLN positive compared to only 10% (5/48) of grade I and II tumors. LN status did not 

vary by TGLN expression. TGLN expression was inversely associated with both ER and PR 

positivity, with two-thirds of hormone receptor negative tumors expressing TGLN, 

compared to only 10% of hormone receptor positive tumors (p<0.001). With the exception 

of 3 PR negative, TGLN negative tumors that were ER positive, there was concordance 

between the two hormone receptors. While Her-2 expression did not correlate with TGLN 

expression, there was a strong relationship between TN negative status and TGLN 

expression (p<0.001). High Ki-67 expression was similarly associated with TGLN 

expression. When treated as continuous variables, ER, PR, and Ki-67 expression remained 

different between TGLN + and TGLN -negative tumors. For ER, median values were 95% 

and 0% for TGLN negative and positive tumors, respectively; for PR median values were 

32% and 0%; and for Ki-67, 10% and 50% (p<0.001 for all comparisons).
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A significantly higher percentage of TGLN positive tumors were noted in the TN subtype 

(77%) than other subtypes (10%, (p <0.001) (Table 3). TGLN expression was 11%, 7% and 

25% in luminal A, luminal B and Her-2 subtypes, respectively.

Although there were strong and statistically significant associations between TGLN 

expression and a variety of tumor characteristics (grade, ER expression, PR expression, 

Ki-67 proliferative status, and TN subtype), many of these are themselves correlated with 

each other. Thus, a multivariable logistic regression analysis was conducted to determine 

which factors best and independently predicted for TGLN positivity. On multivariate 

logistic regression, TN subtype remained positively associated with TGLN positivity 

(P<0.001). With lack of Her-2 expression exhibited in 4 of the remaining 7 tumors 

(p=0.067). Thus, TGLN expression is a very robust marker for the TN TGLN expression 

showed 76% sensitivity and 90% specificity as a predictor of TN subtype.

Prognostic Utility of Transgelin Expression

Although a comprehensive review and analysis of patient outcome was not possible, we 

found 18 of 92 patients (20%) have died (all causes) and that 19 of 80 (24%) have 

experienced a recurrence of their breast cancer. While there was no correlation between 

TGLN expression and overall survival, there was a trend (p=0.096) toward higher 

recurrence rate (9/25, 36%) among patients with TGLN expression versus those without 

TGLN expression (10/55, 18%). SBR grade III, ER percent and positivity, molecular 

subtype (specifically TN), Ki-67 percent, and tumor diameter were also associated with 

recurrence. On multivariable logistic regression analysis, only proliferation and tumor size 

were statistically significant (p=0.009) factors.

4. Discussion

We show there is a differential expression of TGLN among molecular breast cancer 

subtypes. TGLN was predominantly upregulated in higher-grade TN subtype breast cancers. 

TGLN expression positively correlated with high Ki-67 and low ER and PR status but was 

not associated with patients’ age, tumor size, or LN metastasis. Interestingly, even though 

the Her-2 subtype of non-TN tumors showed higher TGLN positivity in 1 of the 4 samples 

studied (25%), the number of tumors in this subgroups wasn’t high enough. Given the lack 

of previously documented literature and the smaller subset of those subtypes, the authors of 

this study suggest further confirmation through future studies in order to reconcile the noted 

findings are needed. Our cohort was selected based on availability of tissue and biomarkers 

profiles and with a special interest in the TN tumor subtypes, thus is imbalanced for the 

different molecular subtypes as compared to real life prevalence of each subtype. One would 

notice that the number of TN cases was very high about 34%, while the prevalence of TN 

tumors is usually within the 12–15% range.

Recent studies have shown the usefulness of TGLN in improving diagnostic accuracy of soft 

tissue tumors with smooth muscle differentiation [16]. The higher TGLN expression in a 

significant number of the TN tumors compared to other subtypes is consistent with the fact 

that the majority of them are of basal type with myoepithelial differentiation. It is not a 

surprise seeing TGLN localization in the basal cell layer of benign breast tissue. TGLN 
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staining has potential utility in highlighting lesions such as sclerosing adenosis and in 

differentiating in situ from invasive lesions, which lends support to its addition to the battery 

of immunohistochemical markers for myoepithelial cells including SMM, p63, calponin, 

actin and S100. In addition to its expression in cells with smooth muscle differentiation, it is 

also expressed in the cytoplasm of fibroblasts and some epithelial cells. TGLN expression 

has been used to aid in histologic identification of tumors ranging from colorectal, gastric 

carcinoma, gall bladder, pancreatic cancer, prostate and lung adenocarcinoma and uterine 

tumors of smooth muscle differentiation [15, 16, 18, 20–26].

Our description of TGLN expression across molecular subtypes of breast cancer may help to 

clarify discrepant findings of TGLN expression in previous reports. For example, previous 

studies demonstrating decreased expression of TGLN in breast cancer have often used cell 

lines or tumors that are of the luminal type without accounting for its differential expression 

in the various molecular breast cancer types. In a report by Shields et al, all cell lines 

included for analysis are known to express estrogen receptors [18]. The authors reported 

lower or no expression of TGLN, which is consistent with our results. TGLN overexpression 

in aggressive breast cancer histologic types such as TN and poorly differentiated tumors is 

similar to findings reported by Zhang et al [25] and Lin et al [27], wherein TGLN was 

highly expressed in aggressive colorectal cancers associated with local and distant 

metastasis, advanced clinical stage and shorter overall survival. In another report, TGLN 

expression was 25fold higher in tumorigenic cells than nontumorigenic hepatocellular, colon 

and prostate cancer cells [28}. These studies suggest that TGLN may promote migration and 

invasion of malignant cells of different origins [28].

The recent finding of differential and compartment-specific expression of the homologs 

TGLN and TGLN2 in lung adenocarcinoma and its stroma by Rho et al [24] adds another 

level of complexity in evaluating TGLN data in the literature. The authors report TGLN was 

strictly localized to tumor-induced reactive myofibroblastic stromal tissue compartment, 

whereas over-expression of TGLN2 was exclusively localized to the neoplastic glandular 

compartment. Our results showed variability in TGLN localization both in tumor cells and 

in the surrounding stroma. Benign breast stroma usually lacked TGLN expression, whereas 

stromal tissue in 90% of specimens over-expressed TGLN irrespective of the molecular 

subtype. These findings suggest TGLN acts at the interface of the epithelium and 

surrounding mesenchyme in the setting of malignant invasion. Recent studies have shown 

TGLN involvement in many biologic activities including cell differentiation and tissue 

invasion and endometriosis and as a tumor suppressor [17–19]. Further study should aim to 

better describe the biologic activity of the TGLN protein in invasive breast carcinoma.

The characteristics of basal-like and TN breast cancer have been extensively reviewed and 

remain a subject of controversy [4, 9, 29]. With no internationally accepted definition of 

basal-like breast cancers there are numerous similarities between basal-like and TN breast 

cancers [4,30,31]. Both affect younger patients, are more prevalent in African-American 

women, often present as interval cancers and are highly aggressive with a very low 5-year 

survival compared to tumors of other molecular subtypes [4, 32]. A recent study by 

Lehmann et al [33] defined six unique TN sub-types by analyzing gene expression profiles 

from 21 breast cancer datasets. These included two basal-like subtypes (BL1 and BL2), a 
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mesenchymal (M), a mesenchymal stem-like (MSL), a luminal androgen receptor (LAR) 

subtype and an immunomodulatory subtype wherein BL1 and BL2 showed higher DNA 

damage response genes expression. M and MSL demonstrated higher expression of 

epithelial mesenchymal transition genes, and androgen receptor signaling gene expression 

was noted in LAR sub-type. These subtypes showed varying responses to different targeted 

therapies [12].

Tumor markers currently have important diagnostic and therapeutic implications for 

pathologists and oncologists alike. In the case of TN tumors, current treatment regimens are 

of limited efficacy. Of patients with TN tumors, 17–58% have complete pathological 

response after anthracycline- or anthracycline -taxane-based neoadjuvant chemotherapy, and 

<20% of TN tumors demonstrate complete pathological response after platinum-based 

neoadjuvant chemotherapy [34]. Patients who fail to achieve complete pathological response 

despite chemotherapy have a dismal prognosis. It is the authors’ hope that markers like 

TGLN might inform the research and development of potential treatment strategies. A report 

by Cai et al [35] highlights the potential role TGLN in the development of drug resistance in 

breast cancer. The authors identified a substance called Paeonol, derived from the root bark 

of Paeonia Suffruticosa, that successfully reversed paclitaxel resistance in human breast 

cancer cells by regulating the expression of TGLN2 [35]. Yang et al, have shown that TGLN 

blocks androgen stimulated cell growth by preventing binding of an androgen receptor co-

activator with androgen receptor and thereby thwarting subsequent translocation of the 

androgen to the nucleus in prostate cancer [23]. We show that TGLN is differentially 

expressed among the molecular breast cancer subtypes. Limitations to our study include a 

paucity of lobular and HER2-positive tumors and our categorization of molecular subtypes 

by immunohistochemical parameters, as opposed to genomic parameters. Although the 

introduction of tissue microarray technology has been validated in many retrospective 

studies of many tissue types, uncertainty persists as to whether this technique is useful in 

accurately evaluating intratumor heterogeneity of expression. Two cores from each tumor 

were analyzed in an attempt to account for the impact of tumor heterogeneity on TGLN 

expression.

Even when tumors are compared based on histological grading, TGLN expression proves to 

be an excellent diagnostic marker. TGLN is a potentially valuable diagnostic marker for 

high-grade/TN breast cancer. TGLN may also provide a potential target for future treatment 

of TN tumors, which carry a notoriously poor prognosis despite current chemotherapeutic 

regimens.
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Figure 1. 
Transgelin expression in benign breast tissue. Strong cytoplasmic staining is observed in 

myoepithelial cells in ducts and acini of normal breast (Figure 1A, immunostain, 

magnification × 200). Figure 1B shows Transgelin expression in sclerosing adenosis, a 

benign entity that can be confused with invasive carcinoma. Transgelin highlights the 
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myoepithelial cells, confirming the benign nature of the lesion (immunostain, magnification 

× 200).
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Figure 2. 
Representative examples of high grade invasive ductal carcinomas with various staining 

patterns for Transgelin ranging from 1+ in Figure 2A, 2+ in Figure 2B and 3+ Figure 2C 

(immunostains, magnification × 200).
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Figure 3. 
Photomicrograph showing an example of ductal carcinoma in situ with negative staining by 

Transgelin in Figure 3A. Note the presence of myoepithelial cells positively staining for 

Transgelin, lending support to the in situ, noninvasive nature of the lesion. Also note several 

blood vessels with positive Transgelin staining in their smooth muscle walls (immunostain, 
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magnification × 200). Figure 3B depicts an intermediate grade invasive ductal carcinoma 

with negative staining patterns for Transgelin and high Transgelin expression in the 

surrounding stroma (immunostains, magnification × 200).
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Table 3

Distributions of molecular subtype for invasive breast carcinomas in relationship to Transgelin expression

Tumor Subtype Total N=101 Transgelin Negative Transgelin Positive Frequency positive cases

Luminal A 35 (35%) 31 (46%) 4 (12%) 11%

Luminal B 28 (28%) 26 (38%) 2 (6%) 7%

Her-2 4 (4%) 3 (4%) 1 (3%) 25%

TN 34 (34%) 8 (12%) 26 (79%) 77%

Total 101 68 33 33%
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