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Abstract 

 

In recent years, several genome-wide association studies (GWAS) have identified novel breast 

cancer susceptibility loci which locate within or near some known genes, such as FGFR2, TOX3 

and LSP1. However, the biological roles of these plausible candidate genes in breast cancer still 

remain unclear. By using immunohistochemistry/immunocytochemistry, we detected the 

expression statuses of FGFR2, TOX3 and LSP1 in 110 invasive breast cancers (Inv-BCs, 

including 39 familial and 19 triple-negative breast cancers), 39 benign breast lesions and 13 

human breast cell lines (5 non-tumorous and 8 cancerous cell lines). Histologically, a mixed 

intracellular localization of FGFR2 was observed in both malignant and benign breast epithelial 

cells, including one breast cancer cell line (T47D). Statistically, the expression and high-level 

expression of FGFR2 were detected in 75.2% and 22.9% of Inv-BCs, respectively, while no 

high-level expression was observed in benign lesions. Furthermore, negative correlation of 

FGFR2 expression with tumor grade and obviously positive correlations with ER and PR 

expressions were confirmed. Entirely negative for FGFR2 staining was even observed in 89.5% 

(17/19) of triple-negative breast cancers. Higher expression of FGFR2 in invasive lobular 

carcinoma (ILC) than in invasive ductal carcinoma (IDC) and medullary carcinoma (MEC) was 

further revealed. No associations of FGFR2 expression with other clinical and pathological 

characteristics of Inv-BC, including family history, were demonstrated. TOX3 staining was 

shown in nuclei of all kinds of observed epithelial and mesenchymal cells, including 13 breast 

cell lines. A lower expression of TOX3 in familial Inv-BCs than in sporadic ones and in cases 

positive for malignant tumor history than negative ones was further implied. No staining of LSP1 

was detected in any breast epithelia or cell lines except for 2 Inv-BCs showing ambiguous 

staining.  

 

In conclusion, FGFR2 is expressed at varying levels and intracellular localizations in both 

malignant and benign breast tissues and can be highly expressed or lose expression in Inv-BCs. 

Its expression is positively correlated with the expressions of ER and PR and negatively 

correlated with tumor grade. Nuclear expression of TOX3 was detected in all kinds of cells 
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observed in our study, and seemingly lower expression was shown in familial Inv-BCs and cases 

with malignant tumor history in other organs/tissues. But replicated and functional studies are 

still needed to clarify these tentative findings. No convincing expression of LSP1 occurs in either 

malignant or benign breast epithelial cells. LSP1 may not play direct roles in benign or 

malignant breast epithelial cells. 

 

Keywords  

breast cancer, breast cell lines, FGFR2 (fibroblast growth factor receptor 2), TOX3 (TOX high 

mobility group box family member 3), LSP1 (lymphocyte-specific protein 1),  

immunohistochemistry,  immunocytochemistry 
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Zusammenfassung 

 

In den letzten Jahren wurden mittels genomweiten Assoziationsstudien (GWAS) mit hereditären, 

nicht BRCA1- oder BRCA2-abhängigen Mammakarzinomproben neue Loci für ein erhöhtes 

Brustkrebsrisiko identifiziert. Diese liegen z.B. innerhalb oder in der Nähe der Gene für FGFR2, 

TOX3 und LSP1. Eine mögliche biologische Rolle dieser Kandidatengene in der Karzinogenese 

von Mammakarzinomen ist jedoch unklar.  

Zur weiteren Charakterisierung einer möglichen Bedeutung dieser Faktoren beim 

Mammakarzinom wurde die Expression von FGFR2, TOX3 und LSP1 mittels 

Immunhistochemie in Gewebeproben von 110 invasiven Mammakarzinomen (Inv-BCs), 39 

benignen Mammagewebeproben und 13 humanen Mammazellinien (8 Karzinomlinien, 5 

nichttumoröse Linien) untersucht. 

Hierbei zeigte sich eine gemischte intrazelluläre Lokalisierung von FGFR2 in 

Mammakarzinomgewebe, normalen Brustepithelzellen und in einer Mammakarzinomzelllinie 

(T47D). In 75,2% der Inv-BCs zeigte sich eine starke -, in 22,9% eine moderate Expression von 

FGFR2. Im benignen Mammagewebe fand sich keine Überexpression. Auβerdem konnte eine 

negative Korrelation der FGFR2-Expression mit dem Tumor-Grading und eine deutlich positive 

Korrelationen mit der Expression vom Östrogenrezeptor (ER) und Progesteronrezeptor (PR) 

nachgewiesen werden. Ferner zeigte sich eine höhere FGFR2 Expression im invasiven lobulären 

Karzinom (ILC) als im invasiven duktalen Karzinom (IDC) und MEC 

Mukoepidermoidkarzinom (MEC). Assoziationen der FGFR2-Expression mit anderen 

klinisch-pathologischen Parametern wurden nicht gefunden. 

TOX3 konnte in unterschiedlichen ephithelialen und mesenchymalen Zellen einschlieβlich der 

13 Mammazelllinien detektiert werden. Zudem fand sich eine geringere Expression von TOX3 

bei familiären als bei sporadischen invasiven Mammakarzinomen. 

Eine Färbung von LSP1 konnte lediglich in zwei invasiven Mammakarzinomen (jedoch nicht 

eindeutige Färbung) nachgewiesen werden. 

Zusammenfassend kann festgestellt werden, dass aufgrund der höheren Expression von FGFR2 

in den malignen Gewebeproben, FGFR2 tatsächlich eine Rolle bei der Entwicklung des 
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malignen Phänotyps bei diesen Tumoren spielen könnte. Die eher ubiquitäre Expression von 

TOX3 und die sehr geringe Expression von LSP1 sprechen dagegen gegen eine biologische 

Bedeutung dieser Faktoren beim Mammakarzinom. 

 

 

Schlüsselwörter: 

Brustkrebs, Mammakarzinom, FGFR2 (Fibroblastenwachstumsfaktor-Rezeptor 2), TOX3 

(Mitglied der TOX High-Mobility-Group Box Familie 3), LSP1 (Lymphozyten-spezifisches 

Protein 1), Immunhistochemie 
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1 INTRODUCTION 

 

1.1 Genetic susceptibility to breast cancer 

Breast cancer is the most frequently diagnosed cancer and the leading cause of cancer death in 

women worldwide, accounting for 23% (1.38 million) of the total new cancer cases and 14% 

(458,400) of the total cancer deaths in 2008 [1]. Although the major contributions to breast 

cancer risk are explained by environmental factors and hormonal and reproductive factors, such 

as alcohol consumption, age at menarche and menopause, parity and hormone replacement 

therapy (HRT), there is also good evidence for a genetic component [2-6]. Female individuals 

who have one or more first-degree relatives affected by breast cancer have approximately a 1.5- 

to 3-fold increased risk for developing breast cancer and the risk ratio varies with the age of 

individuals and the number of affected first-degree relatives [7,8]. Studies focusing on 

monozygotic twins and correlations of environmental factors with familial risk have suggested 

that most of the excess familial risk is likely to be explained by genetic factors rather than shared 

environments [3,9]. To date, different approaches, such as genetic linkage study, candidate 

gene-association study and genome-wide association study (GWAS), have been used to identify 

susceptibility loci contributing to breast cancer. These genetic variants associated with breast 

cancer risk can be classified as high-penetrance mutations that are rare in the population but 

associated with very high risk (relative risk of carriers versus non-carriers of 5 to >20); 

moderate-penetrance variants which are associated with moderate increased risk; and 

low-penetrance polymorphisms which are common but associated with small increases in breast 

cancer risk (relative risk <1.5) [9,10]. 

 

1.1.1 High-penetrance mutations 

Genetic linkage studies conducted in the 1990s led to identify two tumor suppressor genes, 

BRCA1 and BRCA2, whose mutations conferred a high risk of breast cancer [9,10]. BRCA1 was 

initially localized to chromosome 17q21 by a genetic linkage study based on 23 families with 

146 cases of breast cancer in 1990 [11] and was subsequently cloned in 1994 [12]. BRCA2 was 

mapped to chromosome 13q12-13 in 1994 [13] and cloned in the following two years [14,15] 
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Genetic heterogeneity and penetrance analysis in 237 families, each of which contained at least 4 

breast cancer cases, indicated that breast cancer was linked to BRCA1, BRCA2 and other genes in 

estimated 52%, 32% and 16% of families, respectively. And the majority (81%) of breast-ovarian 

cancer families was due to BRCA1 while the majority (76%) of families with male and female 

breast cancer was due to BRCA2. However, that the largest proportion (67%) of families due to 

other genes was found only in families with 4 or 5 cases of female breast cancer [16]. 

Pathologically, BRCA1-associated breast cancer differs from BRCA2-associated and 

non-BRCA-associated tumors. Although most of BRCA1- and BRCA2-associated tumors are 

invasive ductal carcinoma (IDC), BRCA1-associated ones are more likely to be diagnosed as 

atypical medullary carcinoma and poorly differentiated (grade 3, G3) tumors showing less tubule 

formation, higher mitotic count and more pleomorphism [17-19]. Particularly, breast cancer in 

BRCA1 mutation carriers tends to be triple-negative (ER-, PR-, without HER2 overexpression) 

and shows a basal-like phenotype (expressing basal/myoepithelial markers, such as CK5/6, 

CK14, SMA and EGFR) [18].  

Other high-penetrance mutations have been identified as part of cancer syndromes. Germline 

mutations in the TP53 gene (localized at chromosome 17p13 and encoding the p53 protein) 

predispose to a rare spectrum of malignant tumors known as the Li-Fraumeni syndrome (LFS) 

and Li-Fraumeni-like syndrome (LFL), including soft tissue sarcomas, brain tumors, 

osteosarcoma, adrenocortical carcinoma, premenopausal breast cancer and other tumors [20-22]. 

LFS was initially proposed in 1969 and classically defined as a proband with a sarcoma at <45 

years with a first-degree relative at <45 years with any cancer, plus an additional first- or 

second-degree relative in the same lineage with any cancer at <45 years or a sarcoma at any age. 

Birch definition and Eeles definition are two definitions of LFL, which are based on more 

extensive types of tumors and wider age-ranges of onset in related family members than LFS 

[21,22]. Another term, the PTEN hamartoma tumor syndromes (PHTS), has been used to 

describe a collection of several rare clinical syndromes, including Cowden syndrome (CS), 

Bannayan-Riley-Ruvalcaba syndrome (BRRS), Proteus syndrome (PS), and a Proteus-like 

syndrome (PSL). PHTS is characterized by germline mutations of the PTEN tumor suppressor 

gene, which is localized at chromosome 10q23.3 and encodes a major lipid phosphatase [23]. 

Age-related penetrance estimated in 368 patients with PHTS revealed the highest lifetime risk 
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(85.2%) for female invasive breast cancer (Inv-BC) compared with several other cancers and 

melanoma [24]. Peutz-Jeghers syndrome (PJS) is a rare but dominantly inherited condition 

characterized by benign intestinal hamartomatous polyps, mucocutaneous pigmentation and 

increased risk of cancers, including cancers of gastrointestinal tract, breast, testis and ovary [25]. 

The relative risk of non-cutaneous cancer was 9.9 in all patients, and 50.5 for gastrointestinal 

cancer and 20.3 for gynecologic and breast cancer in female patients [26]. Germline mutations of 

STK11/LKB1 gene, localized at 19p13.3 and encoding a serine/threonine kinase, have been 

identified as causal gene mutations for PJS [25,27]. 

 

In spite of the high risks, the high-penetrance mutations mentioned above are rare in the 

population and are estimated to account for a relatively small percentage (about 20%-25%) of 

the familial risk of breast cancer [9,10]. 

 

1.1.2 Moderate-penetrance variants 

A combination of family-based and population-based approaches has identified some relatively 

uncommon variants associated with modestly increased risk for breast cancer. These include 

variants in CHEK2, ATM, BRIP1 and PALB2 genes [9,10]. The CHEK2 gene is located at 

chromosome 22q12.1 and encodes the checkpoint kinase 2 (CHEK2) protein which functions 

within the cellular network that responds to DNA damage and protects genomic integrity [28]. 

Germline mutations, especially c.1100delC, in CHEK2 are associated with breast cancer in 

different populations with a combined odds ratio (OR) of 2.77 [29].  The ATM (for 

‘ataxia-telangiectasia mutated’) gene is located at 11q22.3 and encodes a protein which belongs 

to the family of PI3K-related protein kinases (PIKK) and plays a central role in the complex 

processes, involving TP53, BRCA1 and CHEK2, that repair DNA double-strand breaks. 

Mutations in the ATM gene have been shown in 0.5%-1% of Western populations and account 

for an autosomal recessive condition called ataxia-telangiectasia. The relative risk of 

ATM-mutation for breast cancer has been estimated to be 2.23 to 4.9 [30]. The BRIP1 

(BRCA1-interacting protein 1) gene maps to chromosome 17q22 near the BRCA1 locus and 

encodes a DNA helicase that interacts with BRCA1 protein and then contributes to its DNA 

repair function [31]. Biallelic BRIP1 mutations have been shown to cause Fanconi anemia 



Introduction                                                                  4 

 

complementation group J (FA-J), and the relative risk of breast cancer associated with truncating 

mutations in BRIP1 has been estimated to be 2.0 [32]. Fanconi anemia is a genetically 

heterogeneous recessive condition that includes 13 subtypes, 12 of which have been attributed to 

distinct genes [33] . Similar to BRIP1, biallelic mutations of PALB2 (for ‘partner and localizer of 

BRCA2’), a gene which is located at 16p12 and encodes a protein interacting with BRCA2, 

cause Fanconi anemia subtype FA-N and these monoallelic mutations have been estimated to be 

associated with an approximately 2-fold increased risk of female breast cancer [9,33].  

 

As inactivating mutations in each of these modest risk genes are rare, with less than 1% of the 

population being heterozygote, the contribution of these genes to the overall familial risk of 

breast cancer is estimated to be less than 3% [9,10,33]. 

 

1.1.3 Low-penetrance polymorphisms 

As shown above, although important high-penetrance genes, such as BRCA1 and BRCA2, and 

some other moderate-penetrance variants underlying the genetic susceptibility to breast cancer 

have been identified during the past two decades, mutations of these genes are rare and can only 

explain a small fraction of the familial aggregation of this disease. The failure to identify further 

high-penetrance loci has led to the hypothesis that the susceptibility to this common cancer is in 

a polygenic model, and the residual risk is due to combined effects of a large number of more 

common but lower-penetrance variants [9,10,34].  

 

1.1.3.1 Candidate gene-associated studies 

With the progress in technology, some powerful approaches have been offered to identify 

low-penetrance variants. Early genetic association studies have been widely used and generally 

focused on limited numbers of polymorphisms in candidate genes that were suspected to be 

important in carcinogenesis [34-36]. However, this kind of individual studies with insufficient 

sample-size have some drawbacks, such as increased likelihood of false positive, lack of ability 

to detect moderate relative risks and low replicability [36]. With these drawbacks, only very 

limited common susceptibility alleles to breast cancer have been confirmed or replicated. The 

most convincing association among these variants has been confined to the nonsynonymous 
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variant D302H (rs1045485) in the caspase 8 gene (CASP8), which is located at human 

chromosome 2q33 and encodes one of the initiator caspases that transduce apoptotic signals from 

the death receptors on the cell surface [9,35-38]. The minor allele of CASP8 D302H has been 

demonstrated to be associated with a reduced risk for breast cancer and shows a minor allele 

frequency (MAF) of 0.13-0.29 and a per-allele OR of 0.87-0.89 in different studies [35,38,39], 

and a four-SNP haplotype, including the D302H locus, has been identified with significant 

association with breast cancer (per-allele OR of 1.30) [39]. Another common variant with weaker 

evidence for an association with breast cancer risk is transforming growth factor β (TGFB1) 

L10P (rs1982073), which was indicated to be associated with PR- rather than PR+ tumors with 

an overall per-allele OR of 1.08 [35]. However, this association still needs further confirmation, 

and these two variants are estimated to account for approximately 0.3% and 0.2% of the excess 

familial risk of breast cancer in populations of European ancestry, respectively [35]. 

 

1.1.3.2 GWAS and related studies 

Recently, technological advances have provided platforms, which allow hundreds of thousands 

of SNPs to be genotyped simultaneously, for analyzing risk alleles without prior knowledge of 

the position or function of certain genes [10,40]. To date, by adopting this agnostic approach, 

several GWAS have identified about 24 novel breast cancer susceptibility loci within regions 

containing genes or no known genes (Table 1.1) [40-52]. Among these loci, FGFR2 (fibroblast 

growth factor receptor 2) and TOX3 (TOX HMG-box family member 3, also known as TNRC9 

or CAGF9) loci are two replicable ones showing the largest effect sizes and most significant 

associations [40-42,45,48,49].  

 

Table 1.1 Summary of 24 novel susceptibility loci to breast cancer identified by recent GWAS 

Locus SNP ID Plausible gene MAFa 
per-allele 

OR 
P-trend Ref.d 

1p11.2 rs11249433 LD block (FCGR1B, NOTCH2) 0.39b 1.16c 6.74×10-10 [45] 

2q35 rs13387042 no kown (nearest: TNP1, IGFBP5, IGFBP2) 0.497 1.2 1.3×10-13 [41] 

3p24 rs4973768 LD block (SLC4A7, NEK10) 0.46 1.11 4.1×10-23 [44] 

5p12 rs4415084 LD block (FGF10, MRPS30) 0.396b 1.16 6.4×10-10 [43] 
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5p15 rs10069690 TERT (intron 4) 0.26 1.18 1.0×10-10 [50] 

5q11.2 rs889312 LD block (MAP3K1, MGC33648, MIER3) 0.28 1.13 7×10-20 [40] 

6q22.33 rs2180341 LD block (ECHDC1, RNF146) 0.211 1.41 2.9×10-8 [52] 

6q25.1 rs2046210 LD block (ESR1,C6orf97) 0.35 1.29 2.0×10-15 [46] 

8q24 rs13281615 no known 0.40 1.08 5×10-12 [40] 

9p21 rs1011970 LD block (CDKN2A, CDKN2B; CDKN2BAS) 0.17 1.09 2.5×10-8 [48] 

9q31.2 rs865686 no known (nearest: KLF4, RAD23B, ACTL7A) 0.39 0.89 1.75×10-10 [49] 

10p15 rs2380205 LD block (ANKRD16, FBXO18) 0.43 0.94 4.6×10-7 [48] 

10q21 rs10995190 ZNF365 (intron 4) 0.15 0.86 5.1×10-15 [48] 

10q22 rs704010 LD block (ZMIZ1) 0.39 1.07 3.7×10-9 [48] 

10q26.13 rs2981582 FGFR2(intron 2) 0.38 1.26 2×10-76 [40] 

10q26.13 rs1219648 FGFR2(intron 2) 0.39 1.20c 1.1×10-10 [42] 

11p15.5 rs3817198 LSP1(intron 10) 0.30 1.07 3×10-9 [40] 

11q13 rs614367 no known (nearest: MYEOV, CCND1, ORAOV1, 

FGF19, FGF4, FGF3) 

0.15 1.15 3.2×10-15 [48] 

12p11 rs10771399 LD block (PTHLH) 0.12 0.85 2.7×10-35 [51] 

12q24 rs1292011 no known (nearest: MAPKAPK5, TBX3) 0.41 0.92 4.3×10-19 [51] 

14q24.1 rs999737 RAD51L1 (intron 12) 0.76b 0.94c 1.74×10-7 [45] 

16q12.1 rs3803662 LD block (TOX3, LOC643714) 0.25 1.2 10-36 [40] 

16q12.1 rs3803662 LD block (TOX3, LOC643714) 0.269 1.28 5.9×10-19 [41] 

17q23.2 rs6504950 LD block (STXBP4 (intron 1), COX11, TOM1L1) 0.27 0.95 1.4×10-8 [44] 

19p13 rs8170 LD block (ANKLE1, C19orf62, ABHD8) 0.17 1.26 2.3×10-9 [47] 

19p13 rs2363956 LD block (ANKLE1, C19orf62, ABHD8) 0.52 0.84 5.5×10-9 [47] 

21q21 rs2823093 no known (nearest: NRIP1)  0.27 0.94 1.1×10-12 [51] 

a: minor allele frequency in controls (mainly in European ancestry);   b: risk allele frequency;   

c: heterozygous OR;   d: reference 

 

Further analyses indicated that the risk association of these common genetic variants that 

predispose to breast cancer may also be modified by clinical and pathological characteristics, 

particularly by ER, PR statuses, family history and BRCA1/2 mutation status. For example, while 
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variants at the 5p15, 6q25.1 and 19p13 loci showed stronger risk association with ER- and 

triple-negative tumors, most of the other risk loci, such as FGFR2, TOX3, 8q24, and 1p11.2, 

showed stronger risk association with ER+ than ER- ones [41,43-47,50,51,53]. The remaining 

susceptibility loci, such as 10p15 and 10q22, showed similar association with both ER+ and ER- 

tumors [48]. When the analysis was narrowed in German familial breast cancer patients, 

significantly higher ORs of FGFR2 and TOX3 variants in high-risk breast cancers (≥3 breast 

cancer carriers in each family) were demonstrated than unselected cohort, and a putative novel 

susceptibility variant within LSP1 gene seemed more predominant in high-risk groups [54]. 

Similarly, rs614367 at 11q13 showed a consistently stronger association with a positive family 

history at both GWAS stages [48]. Additional studies provided evidence that SNPs in FGFR2, 

LSP1 and MAP3K1 were associated with breast cancer risk in BRCA2 mutation carriers and the 

SNPs in TOX3 and 2q35 were associated with breast cancer risk in both BRCA1 and BRCA2 

mutation carriers [55,56], and the association of one SNP in TOX3 with familial BRCA2 

mutation carriers was replicated in another study [57]. The susceptibility variants, rs8170 and 

rs2363956, at 19p13, which were initially identified from BRCA1 mutation carriers, seemed to 

be specifically associated with BRCA1 but not BRCA2 mutation carriers [47]. When ER status 

was further taken into consideration, the SNPs in FGFR2 and LSP1 showed further associations 

in ER+ and ER- BRCA1 mutation carriers, respectively. However, the associations of the SNPs 

in MAP3K1 and 2q35 in BRCA1 mutation carriers could not be replicated [58].  

 

As shown in Table 1.1, these relatively common susceptibility variants (MAF of >0.1) identified 

by GWAS are estimated to contribute to ~9% of familial risk of breast cancer, and the per-allele 

ORs for the risk alleles are usually <1.5-fold [51].  

 

While guidelines for genetic testing of BRCA1/2 and several models for determining carrier 

probabilities and cancer risks of individuals with a family history of breast cancer have been 

available, no risk prediction models or practical criteria concerning these polymorphisms have 

been established and validated. Thus, currently it is not the right time to introduce these 

low-penetrance variants into routine medical care. However, it is still possible to integrate the 

screening of these polymorphisms into risk and therapeutic assessments in the future for 
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BRCA1/2 mutation carriers and non-carriers with family history, as these variants can act as 

genetic modifiers in these family members [59,60].  

 

Except for the needs to establish and validate the potential risk-prediction models of these 

susceptibility polymorphisms, to date, the mechanisms underlying these statistical significances 

still remain to be elucidated. Limited functional studies indicated that the expression of FGFR2 

might be up-regulated in breast cancer tissues by the risk allele through altering binding affinity 

for transcription factors Oct-1/Runx2 and C/EBP β, whereas the effect of risk allele on the 

expression of FGFR2 was opposite in normal breast tissues [61,62]. Although no difference of 

TOX3 mRNA expression was found between normal and cancerous breast tissues in one research 

[41], the risk alleles of rs3803662 and rs12443621 at TOX3 locus showed significant 

associations with lower mRNA expression of TOX3 in breast cancer tissues in a dose-dependent 

manner in another study [63]. However, none of the risk alleles at another 6 loci, including 

FGFR2, LSP1, MAP3K1 and 8q24, was observed a significant correlation with tumorous mRNA 

expression of the nearest genes in the latter research [63]. 

 

1.2 FGFR2 

 

1.2.1 Basic properties of FGFR2 gene and FGFR2 protein 

Among the plausible genes listed in Table 1.1, FGFR2 gene, located at 10q26.13, consists of 21 

exons and encodes a tyrosine kinase transmembrane receptor belonging to the FGFR family 

which contains 4 highly conserved members, FGFR1, FGFR2, FGFR3 and FGFR4 [64]. 

Structurally, all the four FGFRs are similar and each has up to 3 immunoglobulin-like (Ig-like) 

extracellular domains (IgI-IgIII), a transmembrane segment (TM) and an intracellular tyrosine 

kinase domain (TK). While the IgI domain and the acid box which is an acidic serine-rich 

sequence in the linker between IgI and IgII of each FGFR are proposed to have a role in receptor 

auto-inhibition, the IgII and IgIII fragments are necessary and sufficient for specific ligand 

(fibroblast growth factor, FGF) binding (Figures 1.1a and 1.1b). The human FGF family has at 

least 18 members, FGF1-10 and FGF16-23, which are secreted glycoproteins and classically 

considered to be paracrine factors except that FGF19, FGF21 and FGF23 have been shown to 
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function in an endocrine manner [65]. The FGF ligands exert their diverse functions by binding 

and activating FGFRs in an HPSGs (for ‘heparan sulphate proteoglycans’)-dependent and 

overlapping pattern and through several intracellular signaling pathways [66]. The alternative 

splicing at the extracellular ligand-binding site of FGFR1-3 leads to production of FGFR1b-3b 

and FGFR1c-3c isoforms which show distinct FGF binding specificities. Thus, it enhances the 

complexity and functional diversity of this FGF-FGFR system [65,67] (Figure 1.1b). Moreover, 

these receptor isoforms are often cell lineage-specific. In the case of FGFR2, FGFR2 IIIb 

(FGFR2b) isoform is predominantly expressed in epithelial cells and shows high affinity for 

FGF1, FGF3, FGF7, FGF10 and FGF22, while FGFR2 IIIc (FGFR2c) is preferentially expressed 

in mesenchymal cells and shows affinity for FGF1, FGF2, FGF4, FGF6, FGF9, FGF16 and 

FGF20 [64,67]. 

 

    
Figure 1.1 Schematic diagrams of a functional FGF-FGFR unit and alternative isoforms of FGFR1-3    

a: A functional FGF-FGFR unit consists of two 1:1:1 FGF-FGFR-HPSG complexes juxtaposed in a symmetrical 
dimer. HPSGs facilitate FGF-FGFR dimerization by simultaneously binding to both FGF and FGFR, thereby 
promoting and stabilizing protein-protein contacts in the dimer [65,68]. b. Each of the monomer of FGFR1-3 has 
two alternative isoforms (IIIb and IIIc) which own two different carboxyl-terminal (C-terminal) half of the third 
Ig-like (IgIII) domains due to alternative splicing and thus manifest different ligand binding specificities and 
affinities [64,68]. (The figures are quoted from Turner et al. [68]) 

 

1.2.2 Physiological and pathophysiological roles of FGFR2 

Generally, the FGFs-FGFR2 system participates in a variety of cellular processes during several 

organ systems’ embryogenesis, adult tissue homeostasis, and carcinogenesis.  
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During mouse embryogenesis, while Fgfr2IIIc is expressed mainly in tissues of 

mesenchymal origin, Fgfr2IIIb is expressed in epithelium of many ectodermal and endodermal 

organs, including the mammary gland, and its specific ligands, Fgf10 and Fgf7, are usually 

expressed predominantly in mesenchyme adjacent to the epithelia expressing Fgfr2IIIb. 

Germline Fgfr2-knockout mice died shortly after birth because of multi-organ abnormalities, 

such as agenesis of lungs, limbs, mammary glands and so on. Unlike other branching organs, 

mammary branching morphogenesis may be divided into embryonic, adolescent and adult stages, 

each of which is differentially regulated by endocrine and local regulators. Selective abrogation 

of Fgfr2IIIb isoform (Fgfr2IIIb-/-) has revealed its crucial roles in instructive 

mesenchymal-epithelial signaling in several organ systems during mouse development and  the 

mice lacking Fgfr2IIIb in particular showed a complete absence of mammary glands. Moreover, 

conditional ablation of FGFR2 leads to a severe delay in adolescent ductal development and the 

epithelia without FGFR2 are eliminated from the ducts that do develop (reviewed in 

[64,67,69,70]).  

 Pathophysiologically, some germline mutations in FGFR2 cause several congenital, 

non-cancerous, skeletal disorders. Moreover, except for the association of SNPs at FGFR2 loci 

with breast cancer risk mentioned above, somatic mutations in FGFR2 have been demonstrated 

in endometrial, ovarian, breast, lung and gastric cancers. Missense mutations of FGFR2 around 

the IgIII domain alter the ligand specificity and induce oncogenic FGFR2 activation, while 

C-terminally truncated FGFR2 induces constitutive activation of FGFR2 signaling cascades in a 

ligand-independent manner. Additionally, gene amplification and overexpression of FGFR2 has 

also been demonstrated in 10% of human gastric cancer and ~1% of breast cancer. Research on 

FGFR2-targeted therapeutics for cancers is ongoing (reviewed in [40,64,68,69]). One recent 

study established a lapatinib-resistant cell line (UACC812/LR) in vitro from a HER2-positive 

parent breast cancer cell line and detected an amplification of FGFR2 gene, but a reduction of 

HER2 in this drug-resistant cell line. After treated with a small-molecule inhibitor of FGFRs, 

PD173074, the IC50 was 10,000 times lower in UACC812/LR than the parent cells. These results 

indicated a switch of addiction from the HER2 to the FGFR2 pathway enabled cancer cells to 

become resistant to HER2-targeted therapy and suggested that FGFR-targeted therapy might 

become a promising salvage strategy after lapatinib failure in patients with HER2-positive breast 
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cancer [71]. 

 

1.3 TOX3 

Human TOX3 gene was first identified in a screen for transcripts containing long CAG 

trinucleotide repeats which are associated with a number of neurodegenerative disorders of the 

human brain [72]. Later, murine LOC244579(Tox3) together with Tox(Tox1), LOC241768(Tox2) 

and LCP1(langerhans cell protein 1, Tox4) were identified as the TOX HMG-box subfamily by 

using BLAST program searches [73]. The human homologues of the latter 3 genes are TOX 

(TOX1, KIAA0808, at chromosome 8q21.1), TOX2 (C20ORF100, at chromosome 20q13.12) and 

TOX4 (KIAA0737, at chromosome 14q11.2), respectively. The 4 members of this TOX 

HMG-box subfamily, belonging to the HMG-box family which is one of three classes of HMG 

proteins, similarly have an amino-terminal (N-terminal) domain, a nuclear location signal (NLS), 

a C-terminal domain and share a common HMG-box domain next to NLS and likely fall into the 

sequence-independent rather than sequence-dependent category of HMG-box proteins. Each 

given member of this subfamily is highly conservative between murine and human and shows 

approximately 20% to 30% of identity outside of the highly similar NLS/HMG-box region 

among these 4 members [73].  

 

Up to now, very limited functional assays concerning this TOX HMG-box subfamily have 

indicated that TOX (thymocyte selection-associated HMG-box) is abundantly expressed in the 

thymus and participates in the regulation of T-cell selection; the function of TOX2 in human is 

not characterized yet, while a rat ortholog of this gene is primarily expressed and functions in the 

hypothalamo-pitutary-gonadal axis of reproduction; TOX4 has been demonstrated to recognize 

DNA adducts specifically generated by platinum-based anticancer drugs and the LCP1(Tox4) 

gene is most highly expressed in testis, but the specific function of this protein is not yet known 

[73-75]. A few available studies [76,77] suggested that TOX3 was predominantly expressed in 

the brain and involved in mediating Ca2+-dependent transcription in neuronal cells through 

interacting with both cAMP-response-element-binding protein (CREB) and CREB-binding 

protein (CBP). And this interaction induced the CREB-responsive BCL-2 promoter and protected 

neuronal cells from cell death. Besides, TOX3 could also interact with CITED1 (for 
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‘CBP/p300-interacting transactivator with glutamic-acid- and aspartic-acid-rich C-terminal 

domain 1’) which enhances transcription mediated by diverse transcription factors (including 

ERs) and increase the estrogen-response element (ERE)-dependent transcription partly through 

EREs in the complement C3 promoter (Figure 1.2). One additional study which aimed to identify 

genes relevant to bone metastasis in breast cancer revealed higher expression of TOX3 and other 

genes than non-bone relapsed ones[78]. Another recently published study focusing on epigenetic 

regulation of TOX HMG-box subfamily in lung and breast cancers has discovered a novel 

aberrantly hypermethylated CpG island within the TOX2 promoter in 43% of breast cancer and 

5% of lung cancer cases, whereas TOX3 was more frequently methylated in lung (58%) than in 

breast tumors (30%) and TOX4 was unmethylated in all samples and showed the highest 

expression in normal lung [75]. 

 
Figure 1.2 Schematic diagrams of proposed interacting and functioning mechanisms of TOX3 with 

CITED1 and CREB  A: TOX3 was proposed to interact with pCREB (phosphorylated CREB)-CBP and  
then mediate the active transcription of BCL-2 promoter. B: TOX3 was indicated to interact with CITED1 
(but not CITED2, 3 or 4) and maybe together with an additional protein CBP to mediate an ERE-dependent 
transcription of C3 promoter in a ligand- or ER- independent way. (The figures are quoted from Dittmer et 
al. [77]) 

 
1.4 LSP1 

The human LSP1 gene is located at chromosome 11p15. Initially, this gene was identified from a 

mouse B lymphoma cell line and then isolated from human T cell lines [79-81]. Human and 

mouse LSP1 proteins are highly conserved showing 85% of identity in the C-terminal half and 

53% of identity in the N-terminal half. The highly conservative basic C-terminal half of LSP1 

contains the F-actin-binding site(s) and several serine/threonine residues that are identified as 

potential phosphorylation sites by serine/threonine kinase such as MAPKAPK2(MK2) or protein 

A B 
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kinase C (PKC), while the acidic N-terminal half contains two putative Ca2+-binding motifs 

[82](Figure 1.3).  

 
Figure 1.3 Schematic presentation of mouse LSP1 protein  Human LSP1, consisting of 339 amino acids (a.a), 

and mouse LSP1, consisting of 330 a.a., are highly conserved. The putative Ca2+-binding sites locate at the 
N-terminal region (1-178), while the PKC, MK2 phosphorylation sites and the F-actin-binding region locate in the 
C-terminal region (178-330). (Quoted from Jongstra-Bilen et al. [82]) 
 

Although the variants at LSP1 loci were shown to be associated with increased breast cancer risk 

in some GWAS, previous studies have shown that LSP1 is restrictedly expressed in normal 

leukocytes, B-cell and some T-cell lymphomas and leukemias, localizing at the cytoplasmic face 

of the plasma membrane of the cells, but not in non-hematopoietic cells (including HT29 colon 

cancer and MCF7 breast cancer cell lines), tissues (including breast tissue) or tumors (including 

carcinomas) [79-81,83-85]. However, the studied cancer cell lines or cancer tissues with LSP1 

are usually in a small sample-size. Additional studies also reported a nuclear localization of 

LSP1 in endothelial cells [86,87].    

 

1.5 Working hypothesis 

As mentioned above, the risk alleles of the FGFR2, TOX3 and LSP1 susceptibility loci were 

common in population (the risk allele frequency ranged approximately from 20% to 45%), their 

associations with breast cancer risk could be modified at least by ER and PR statuses, triple 

negative phenotype, family history and BRCA1/2 germline mutation status, and the risk alleles 

may alter the expression of these genes. So we speculated that: ( i ) The FGFR2, TOX3 and 

LSP1 proteins might be expressed in breast cancer with varied expression levels. ( ii ) Their 

expressions might be associated with ER and PR statuses, family history and BRCA1/2 germline 
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mutation status, and be different between TNBCs and non-TNBCs; ( iii ). There might be other 

clinical and pathological characteristics that can alter the expressions of these three proteins.  

 To date, little is known about the functions of TOX3 in breast caner. The restricted expression 

pattern of LSP1 still needs further investigation in relatively large sample size studies of breast 

cancer. Although a lot of studies of FGFR2 have been performed, its roles in breast cancer seem 

very complex and not fully clarified. Moreover, several recent studies reported a nuclear 

intracellular localization of FGFR2 in breast cancer that was not observed in previous research 

[88-91]. In order to clarify our speculations listed above and to confirm the possibility of a 

nuclear localization of FGFR2 in breast cancer, our current study detected the protein-level 

expressions of FGFR2, TOX3 and LSP1 by immunocytochemistry (ICC) in 5 non-tumorous and 

8 cancerous breast cell lines and by immunohistochemistry (IHC) in 110 Inv-BCs (especially 

including 39 familial tumors with 16 ones among them having known BRCA1/2 germline 

mutation statuses [92,93]), 27 benign breast tumors and 12 non-tumor breast lesions. Further 

statistical analyses were performed to investigate the associations of the expressions of these 

proteins with 15 clinical and pathological characteristics of Inv-BC. 
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2 MATERIALS AND METHODS 

 

2.1 Materials 

 

2.1.1 Equipments and Instruments 

 

Equipment/Instrument Manufacturer 

BenchMark XT IHC/ISH Slide Stainer Ventana Medical System, Inc. 

Captair Filter 804N Captair 

Centrifuge GS-6KR Beckman Coulter GmbH 

CO2 Incubator HeraCell 240 Heraeus Instruments GmbH 

Lab Precision Balance BL1500S Sartorius AG 

Lab Water Purification Systems Milli-Ro/Milli-Q Plus Millipore Corporation 

LaminAir HB 2472 (Laminar flow workbench) Heraeus Instruments GmbH 

Light microscope DMRXA Leica 

Magnetic Stirrer RET Basic IKA® Werke GmbH & Co.KG 

Memmert Incubator Model 200 Memmert GmbH + Co.KG 

Microwave Crisper 1L, 2.4L Komax Industrial Co., Limited 

Nikon ECLIPSE E200 Light Microscope Nikon Instruments 

Olympus Inverted Microscope IMT-2 Olympus Optical Co., LTD. 

Panasonic Microwave Oven NN-3356 Panasonic Corporation 

pH-Meter CG840 Schott-Geräte GmbH 

Pipetboy acu Integra Bioscience GmbH 

Pipettes (10μl, 20μl, 100μl, 200μl, 1000μl) Eppendorf AG 

Steam Sterilizer, Varioklav Type 300/400/500 EP-Z Heraeus Instruments GmbH 

Water bath 1002 GFL 
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2.1.2 Consumables 

 

Consumable Manufacturer 

SuperFrost® Plus Object Slides  R. Langenbrinck 

Cover Glasses R. Langenbrinck 

PAP PEN The Binding Site 

Cell Culture Ware and Petri Dishes BD Falcon 

Pipette Tips Eppendorf AG 

Glass Ware Schott-Geräter GmbH 

 

2.1.3 Chemicals and Liquids 

 

Chemical/Liquid Manufacturer 

Agarose Ultra Pure Invitrogen GmbH 

Cholera toxin Sigma Co. LLC 

Citric acid monohydrate Merck KGaA 

D-PBS(10×) Invitrogen GmbH 

Dimethyl sulphoxide (DMSO) Sigma-Aldrich Co. LLC 

β-Estradiol Sigma Co. LLC 

Ethanol 100 Vol. -% (MEK) Herbeta Arzneimittel 

Ethylene diamine tetraacetic acid,  

disodium salt dehydrate (EDTA) 

Merck KGaA 

Fetal calf serum (FCS) Biochrom AG 

Insulin Sigma Co. LLC 

Human epidermal growth factor (hEGF) Sigma Co. LLC 

Hydrocortisone Sigma Co. LLC 

L-Glutamine (200 nM) Lonza Group Ltd. 

Mayer’s Haematoxylin Dr. K. Hollborn & Söhne 

Phosphate Buffered Formalin Solution J.T. Baker 
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Polyethylene glycol sorbitan monolaurate (Tween 20) SERVA Electrophoresis GmbH 

Sodium chloride (NaCl) Merck KGaA 

Sodium Hydroxide (NaOH) Merck KGaA 

Tris(hydroxymethyl)-aminomethane (Tris-base) Merck KGaA 

Tris(hydroxymethyl)-aminomethane-hydrochlorid  

(Tris-HCl) 

Merck KGaA 

Tri-sodium citrate dihydrate Merck KGaA 

Trypan blue Sigma-Aldrich Chemie GmbH 

Tween-20 Merck KGaA 

Vitro-Clud® R. Langerbrink 

Xylene J.T. Baker 

          

2.1.4 Antibodies 

 

Antibody Catalog No. Manufacturer 

Rabbit anti-human ER (monoclonal, Clone SP1) RM-9101-S Thermo Scientific 

Mouse anti-human PR (monoclonal, Clone PgR 636) M3569 Dako 

Rabbit anti-human c-erbB-2 (HER2, polyclonal) A0485 Dako 

Mouse anti-human FGFR2 (monoclonal) ab58201 abcam 

Mouse anti-human LSP1(monoclonal, Clone 16/LSP-1)  610734 BD Biosciences 

Rabbit anti-TOX3 (TOX3_Center, polyclonal) AP4814c ABGENT 

Goat anti-mouse Immunoglobulins/HRP P0447 Dako 

Goat anti-rabbit Immunoglobulins/HRP P0448 Dako 

 

2.1.5 Commercial Solutions and Kits 

 

Solution/Kit Catalog No. Manufacturer 

Antibody Diluent Solution 00-3218 Invitrogen 

DAB Detection Kit K3468 Dako 
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Normal Goat Serum PCN5000 Invitrogen 

Peroxidase-Blocking Solution S2023 Dako 

Rabbit Primary Antibody Isotype Control 08-6199 Invitrogen 

ultraView Universal DAB Detection Kit 760-500 Ventana 

Universal Negative Control- Cocktail of mouse IgG1,  

IgG 2a, IgG2b, IgG 3 and IgM 

N1698 Dako 

 

2.1.6 Solutions and Buffers 

 

10×TBS (pH7.4)  1000ml 

Tris-base 9g 

Tris-HCl 68.5g 

NaCl 87.8g 

dH2O  up to 1000ml 

Adjusting the pH to 7.4.    

Stored at room temperature (RT).  

  

10×TBST(pH7.4, 0.05% Tween20) 1000ml 

10×TBS (pH7.4) 1000ml 

Tween 20 5ml 

Stored at RT.  

  

10×Citrate buffer (pH6.0) 1000ml 

Citric acid 3.78g 

Tri-Natriumcitrate-Dihydrate 24.21g 

dH2O up to 1000ml 

Adjust the pH to 6.0  

Stored at RT or 4℃ for longer storage.  
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10×Tris-EDTA buffer (pH9.0, 0.05%Tween 20) 1000ml 

Tris 12.1g 

EDTA 3.7g 

dH2O up to 1000ml 

Adjusting the pH to 9.0 if necessary.  

Tween 20 5ml 

Stored at RT or 4  for longer storage.℃   

 

2.1.7 Cell Culture Media 

 

Medium Manufacturer 

MEGM (mammary epithelial growth medium)   Clonetics 

DMEM (Dulbecco’s modified eagle medium) Lonza Group Ltd. 

DMEM/Ham’s F12 (1:1) Biochrom AG 

VLE RPMI1640  Biochrom AG 

 

2.1.8 Software 

 

Software Manufacturer 

DISKUS software (version 4.80.3505) HILGERS Technisches Buero  

SPSS PASW Statistics Software (version 18.0.0) IBM/SPSS  

 

2.1.9 Background of human breast cell lines included in this study 

Except for the cell line, MDA-MB-453 was kindly provided by Prof. Denkert (Institute of 

Pathology at Charité University Hospital), all the other 12 cell lines included in this study were 

kindly provided by Dr. M. Theile (Department of Tumor Genetics, Max Delbrück Center for 

Molecular Medicine (MDC), Berlin, Germany). The background of the cell lines was collected 

from American Type Culture Collection (ATCC) or from publications (Table 2.1). 
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Table 2.1 Background of 13 human breast cell lines included in this study 
Cell line Type Derivation Properties Ref. 
hTERT-HME1 non-tumor 53y, 

mammoplasty 
Expressing exogenous telomerase gene and not 
undergoing growth arrest; pan-CK+/MUC1+ 

ATCC 

MCF 10A non-tumor 36y, 
fibrocystic disease, 
non-tumorigenic 

Showing no signs of terminal differentiation or 
senescence; not myoepithelial cells; positive for 
epithelial sialomucins, CKs, milk fat globule 
antigen, MFC-Breast, MC-5 

ATCC 

MCF 12A non-tumor 60y, 
spontaneous 
immortalization, non- 
tumorigenic 

Exhibiting typical luminal epithelial 
morphology; producing epithelial mucin and 
sialomucin, milk fat globule antigen 

ATCC 

184A1 non-tumor 21y, 
Chemically transformed 

Being immortal but not malignant ATCC 

HBL100 non-tumor 27y, 
exfoliated milk cells 3 
days after delivery 

Showing several transformed characteristics [94] 

BT20 cancer 74y, 
primary: breast 
carcinoma 

ER-, but do express an ER mRNA that has 
deletion of exon 5 

ATCC 

BRC230 cancer 79y, 
primary: infiltrating 
ductal carcinoma of 
breast 

Primary tumor showed ER-/PR/-; showing 
predominant nucleoli 

[95-97] 

MCF7 cancer 69y, metastatic: pleural 
effusion 

ER+, differentiated carcinoma; capability of 
forming domes 

ATCC 

MDA-MB-231 cancer 51y, 
metastatic: pericardial 
effusion 

EGF+, TGFα+ ATCC 

MDA-MB-453 cancer 48y, 
metastatic: pleural 
effusion 

Overexpressing FGFRs ATCC 

T47D cancer 54y, 
metastatic: pleural 
effusion 

Differentiated, ER+/PR+/AR+/calcitonin+ ATCC 

CAL51 cancer 44y, 
metastatic: after 
radiotherapy and 
chemotherapy, pleural 
effusion 

ER-, CK+, EMA+; heterogeneous shapes: small 
or larger, more rounded 

[98] 

MDA-MB-435 cancer 31y, 
metastatic: pleural 
effusion 

Previously derived from ductal carcinoma but 
then was suspected for contaminated with 
melanoma M14. 

ATCC, 
[99] 
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2.1.10 Tissue samples 

As the risk associations of the FGFR2, TOX3 and LSP1 susceptibility loci could be altered by 

family history and the gene expressions might be changed by these low-penetrance but 

high-frequency variants, we speculated that the expression of these three proteins might also be 

altered by family history. So we included one familial breast cancer group (Group 1) and one 

family-history-unselected breast cancer group (Group 2) in our study. 

 

2.1.10.1 Group 1: familial breast cancer cases collected from 1981 to 1996 

Thirty-one tumor blocks of 30 confirmed familial Inv-BC cases (at least one first-degree relative 

suffered from breast cancer (BC) and/or ovarian cancer (OC)) from 23 independent families, 

from 1981 to 1996, were selected from the collection of the Department of Tumor Genetics, 

MDC, Berlin, Germany. Details are listed in Table 2.2. Among them, 2 cases were male and the 

others were female. The median age at which the first BC was diagnosed in the selected patient 

(s) in each family was 48.0 (from 28 to 71) years and 7 (23.3%) cases were less than 40 years. 

Five cases were BRCA1, 4 were BRCA2, and 7 were non-BRCA1/2 germline mutation carriers 

which were determined by previous studies [92,93]. According to WHO breast tumor 

classification (2003), this group contained 23 invasive ductal carcinoma, NOS (IDC), 3 invasive 

lobular carcinoma (ILC), 1 mucinous carcinoma (MUC), 1 invasive cribriform breast cancer 

(CRIBC), 1 mixed carcinoma (IDC+MUC), and 1 multifocal cancer which was regarded as two 

separate tumors in the following statistical analysis because of the different histological types 

(IDC and ILC) at two separate locations. 

 

Table 2.2 Tumor tissue samples of familial breast cancer included in this study (n=39) 
Fam. ID Pat. Numbera Pat. IDb Age (y)c Subtyped pT pN pM G BRCA1/2 Mutatione 
Fam.30 8 BC 303 46 IDC 1 + n.a. 2 BRCA1 Exon2, 

185delAG 
Fam.31 5 BC(4 males) 300(male) 49 IDC 1 + n.a. 2 BRCA2 Exon10, 

2041insA 
Fam.52 3 BC 200 63 IDC 1 + n.a. 2 n.a.   
  300 52 MUC 2 - n.a. 2 n.a   
Fam.58 3 BC 301 70 IDC 1 - n.a. 1 n.a.  
Fam.59 3 BC 300 55 ILC+IDCf 2 - n.a. 1 n.a.  
Fam.60 10 BC,1 OC 302 55 ILCh 3 - n.a. 2 BRCA2 del8894bp 
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  401 39 IDC 2 n.a. n.a. 2 BRCA2 del8894bp 
  416 28 IDC 2 + 0 3 BRCA2 del8894bp 
Fam.81 5 BC(4 males) 202(male) 70 IDC 4 + 0 3 BRCA1 Exon23, 

5448T>G 
  305 35 IDC 1 - n.a. 3 BRCA1 Exon23, 

5448T>G 
Fam.92 4 BC 302 54 IDC 1 n.a. n.a. 2 no  
Fam.102 3 BC 302 46 IDC 1 + n.a. 2 n.a.  
Fam.103 3 BC 300 43 ILCh 1 + n.a. 1 n.a.  
Fam.105 2 BC,1 OC 401 34 IDC 1 + n.a. 2 BRCA1 Exon11-A, 

962del 4bp 
Fam.1351 3 BC 300 37 IDC 1 - n.a. 1 n.a.  
Fam.1551 3 BC 204 45 IDC 2 + n.a. 2 n.a.  
Fam.1688 4 BC, 1 OC 209 71 IDC 2 + n.a. 2 no  
Fam.2141 2 BC 203 47 IDCh 2 + n.a. 2 n.a.  
  204 46 IDC 1 + n.a. 1 n.a.  
Fam.2750 2 BC 300 47 (IDC+MUC)g 2 + n.a. 1 BRCA1 Exon20, 

5382insC 
Fam.2927 2 BC 202 50 CRIBC n.a. n.a. n.a. 1 n.a.  
Fam.2953 4 BC 202 54 ILC 1 - n.a. 1 no  
Fam.3040 5 BC 200 60 IDC 2 + 0 2 n.a. 

(BRCA1) i 
Exon20, 
5382insCi 

Fam.3641 3 BC 300 32 IDC n.a. n.a. n.a. 3 n.a.  
Fam.3665 6 BC 300 49 IDC 2 n.a. n.a. 2 n.a. 

(BRCA2)i 
Exon11.3, 
3036del4bpi  

Fam.3692 3 BC 200 39 IDCh n.a. n.a. n.a. 3 no  
Fam.3784 4 BC 200 67 IDC 2 - n.a. 2 no  
  202 68 IDC 1 + n.a. 2 no  
  300 46 IDC 3 + n.a. 2 no  
Fam.C1 4 BC Case57 66 IDC 1 - 0 1 no  
Fam.C2 2 BC Case63 60 IDC 2 + 0 2 n.a.  
Fam.C3 4 BC Case80 66 IDC 3 + 0 3 n.a.  
Fam.C4 2 BC(1 male) Case89(male) 74 ILC 3 + n.a. 2 n.a.  
Fam.C5 2 BC Case94 69 ILC 2 + 0 2 n.a.  
Fam.C6 3 BC Case100 69 MEC 2 + 0 3 n.a.  
Fam.C7 2 BC Case117 65 NEC 4 n.a. 0 2 n.a.  
Fam.C8 2 BC Case120 52 IDCf 2 + 0 2 n.a.  

Note: 1. Fam.C1 to Fam. C8 were from Group 2, others were from Group 1. 
2. Tissue blocks of 4 cases could only be available in the relapsed tumors but the ages of carrying the first BC 

were included in final analysis. 
3. Abbreviations: Fam.: family; Pat.: patient; BC: breast cancer; OC: ovarian cancer; IDC: invasive ductal 

carcinoma; ILC: invasive lobular carcinoma; MUC: mucinous carcinoma; CRIBC: invasive cribriform breast 
cancer; NEC: neuroendocrine carcinoma; n.a.: not available. 

4. a: total number of BC/OC patients in one family; b: detected patient in this study; c: age at which the first BC 
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was diagnosed; d: histological subtype; e: germline mutation; f: multifocal or bifocal tumors; g: mixed tumor;  

h: relapsed lesion; i: with mutation carriers in the family but without mutation information of the patient 
included in this study. 

 

2.1.10.2 Group 2: routine cases of breast cancer and benign lesions selected from 2003 to 

2007 

Seventy-eight Inv-BC (female, including 1 male) without neo-adjuvant chemotherapy or 

radiotherapy, 11 breast intraductal papilloma (female), 16 breast fibroadenoma (female) and 12 

non-tumorous breast lesion (female, most of them were diagnosed as fibrocystic breast disease 

with hyperplasia) cases, from 2003 to 2007, were collected from the Institute of Pathology at 

Charité University Hospital in Berlin, Germany. The clinical data of Inv-BC cases, including age, 

family history, menopause status, HRT before diagnosis and history of suffering from malignant 

tumors in other organs/tissues (malignant history), were collected from the clinical archives and 

most of the information was available in 63 (80.8%) cases. Particularly, 8 cases having 

first-degree family history were included into the familial group (Table 2.2) and 48 cases 

showing no first-degree family history were regarded as sporadic cases. The pathological data, 

including multicentric/multifocal BC, bilateral BC, pTNM, tumor grade (G), histological subtype, 

ER, PR and HER2 statuses, were collected from the histopathological reports. One bilateral case 

was regarded as two separate tumors in the following analysis because it showed two different 

histological subtypes (IDC and CRIBC) at different sides. IHC staining of ER and PR was 

rescored according to Allred’s scoring system [100]. IHC staining of HER2 was already scored 

in the reports according to HerceptTestTM (Dako) scoring system and rescored according to the 

American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) 

guidelines [101]. 

 

2.1.10.3 Tissue microarray (TMA) samples 

In order to verify the antibodies used in this study before the final detection on the samples 

included in Group 1 and 2, we first pre-tested these antibodies by using a TMA sample collection 

which contained 22 Inv-BC, 2 normal breast, 2 DCIS, 2 hysteromyoma, and 1 kidney cases from 

1984 to 2008 and prepared by the Group of Prof. Denkert (Institute of Pathology at Charité 

University Hospital). However, because the pathological and clinical data were not available for 
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all the cases, these results were not included in our final analyses except to mention it when 

LSP1 was presented in the sections of Results and Discussion. 

 

2.2 Methods 

 

2.2.1 Cell culture and cell block preparation 

 

2.2.1.1 Cell culture 

All the 13 cell lines were grown in cell-culture flasks containing proper media listed below 

(Table 2.3) and incubated in the incubator with 5% CO2 and 95% humidity at 37℃. Once the 

cells reached confluence after 3- to 4-day cultivation, the medium was removed and the cells 

were washed by adding 1×PBS, and then digested by incubating in pre-warmed 0.05% 

trypsin/0.02% EDTA solution at 37℃ until all cells detached from the flask surface (checked 

under the inverted microscope). Subsequently, new medium was added to inactive the trypsin. 

The trypsinized cell suspension was then removed from the flask and transferred to a 15ml 

conical flask. After an aliquot for counting on a hemacytometer was removed from the conical 

flask, the rest cell suspension was spun in a centrifuge for 5min at 1000 rpm. Finally, after the 

cell count was calculated, cells were plated into new flasks at 2.5×105 per flask with fresh 

medium. 

 

Table 2.3 Cell-culture medium for each cell line  

Cell line Type Medium 

hTERT-HME1 non-tumor MEGM 

MCF 10A non-tumor DMEM/F12(1:1) + 10%FCS + 2mM Glutamine + 

Hydrocortisone(0.5mg/ml) + hEGF(20ng/ml) + insulin(10µg/ml) + 

Cholera toxin(100ng/ml) 

MCF 12A non-tumor DMEM/F12(1:1) + 10%FCS + 2mM Glutamine + 

Hydrocortisone(0.5mg/ml) + hEGF(20ng/ml) + insulin(10µg/ml) + 

Cholera toxin(100ng/ml) 
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184A1 non-tumor DMEM/F12(1:1) + 10%FCS + 2mM Glutamine + 

Hydrocortisone(0.5mg/ml) + hEGF(20ng/ml) + insulin(10µg/ml) + 

Cholera toxin(100ng/ml) 

HBL100 non-tumor RPMI1640 + 10%FCS 

BT20 cancer RPMI1640 + 20%FCS + insulin 

BRC230 cancer DMEM/F12(1:1) + 10%FCS + 2mM Glutamine + 

Hydrocortisone(0.5mg/ml) + hEGF(20ng/ml) + insulin(10µg/ml) + 

Cholera toxin(100ng/ml) 

MCF7 cancer DMEM + 10%FCS+Estradiol(0.02mM) 

MDA-MB-231 cancer RPMI1640 + 10%FCS 

MDA-MB-453 cancer RPMI1640 + 10%FCS 

T47D cancer RPMI1640 + 10%FCS + Estradiol(0.02mM) 

CAL51 cancer DMEM + 10%FCS 

MDA-MB-435 cancer RPMI1640 + 10%FCS 

 

2.2.1.2 Cell block preparation 

When growing to confluence, 5 to 8 plates of cells were digested slightly by 0.1% trypsin-EDTA 

in PBS. Subsequently, fresh medium was added to stop the enzyme reaction.  After being 

centrifuged in a 50ml conical tube for 5min at 1000 rpm, the supernatant was discarded and the 

cell pallet was washed once in 1×PBS. Then the cell pallet was fixed in 10% (v/v) phosphate 

buffered formalin solution for 1 to 2 hours at RT. At the same time during fixation, 2% agarose in 

1×PBS was prepared by boiling in a microwave oven and kept warm in a water bath or 

thermomixer at 70℃ until usage. When the fixation was finished, the formalin solution 

containing cells was centrifuged and washed once in 1×PBS. After the supernatant was discarded, 

the fixed cells were resuspended in 200μl to 350μl prewarmed 2% agarose solution and dropped 

by a pipet tip onto a pre-cooled water-resistant paper sheet (from the parafilm). After becoming 

solid, the cell-drop was transferred into an embedding cassette for dehydration (performed by an 

automatic dehydration machine sequentially in 80% ethanol for 20min ×1 time, 100% ethanol 

for 20min ×2 times and xylene for 20min ×2 times) and finally embedded in paraffin. 
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2.2.2 HE staining and IHC/ICC 

Cell and tissue blocks were sectioned into 2μm sections prior to mounting onto glass slides. HE 

staining was performed by routine HE-staining group in the Institute of Pathology with an HE 

autostainer. IHC/ICC of ER, PR and HER2 for cases from Group 1 and 13 cell lines were 

performed by IHC Lab in the same institute using IHC autostainer. ER (1:25), PR (1:50) and 

c-erbB-2 (1:300) primary antibodies and ultraView Universal DAB Detection Kit were applied 

for autostaining. 

IHC/ICC of FGFR2, TOX3 and LSP1 in all tissues and cell lines were performed manually. 

Briefly, deparaffinized and rehydrated sections were put into microwave pre-boiled (800W×7min) 

antigen retrieval buffer (citrate buffer pH6.0 for FGFR2 and LSP1, EDTA-Tris pH9.0 for TOX3) 

and heating was continued at 250W×15min. Then the samples were blocked with Peroxidase 

Blocking Solution and 10% normal goat serum (diluted by 1×TBS) and then incubated with 

anti-FGFR2 (1:200), anti-TOX3 (1:100) or anti-LSP1 (1:600) primary antibody for 1 hour at RT. 

Goat anti-mouse Immunoglobulins/HRP (1:100) or goat anti-rabbit Immunoglobulins/HRP 

(1:150) secondary antibody was used according to the primary antibody for 30min at RT. The 

immunoreaction was finally visualized by DAB Detection Kit. Nuclei were counterstained with 

Mayer’s hematoxylin. Normal breast, brain and thymus tissues were stained simultaneously as 

positive control for FGFR2, TOX3 and LSP1, respectively. Mouse or rabbit primary antibody 

isotype control was used instead of corresponding primary antibody as negative control. 

 

2.2.3 Scoring of IHC/ICC 

IHC of ER, PR, HER2, FGFR2, TOX3 and LSP1 in Inv-BC, benign tumors, non-tumor breast 

conditions (non-tumor) and ICC of cell lines were assessed by two pathologists. The intensity of 

staining was recorded as 0 (no staining), 1 (weak, light brown), 2 (moderate, brown) or 3 (strong, 

dark brown). The percentage of positive cells was recorded as 0% to 100%. Final scores of ER 

and PR were calculated according to Allred’s scoring system [100]. In detail, the portion of 

positive cells was scored as 0 (no staining), 1 (>0 to 1/100), 2 (>1/100 to 1/10), 3 (>1/10 to 1/3), 

4 (>1/3 to 2/3) and 5 (>2/3 to 1), and the intensity of staining was scored as 0 (negative), 1 

(weak), 2 (intermediate) and 3 (strong). Then these two scores were added to a total score and 

the total score of ≥3 was finally regarded as positive. Assessment of HER2 was done by IHC 
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categories 0, 1+, 2+ and 3+ according to Dako’s HerceptTestTM interpretation and the 

ASCO/CAP guidelines [101] and recorded here as Hercept score. Finally, cases with Hercept 

score of 3+ (uniform intense membrane staining of >30% of invasive tumor cells) or gene 

amplification confirmed by FISH (from the pathological reports) were regarded as HER2 

overexpression. The expression of FGFR2, TOX3 and LSP1 was estimated as histochemical 

score (H score) [102,103], in which the percentage of positive cells staining in each intensity 

category (0, no staining; 1, weak; 2, moderate; or 3, strong) was derived, multiplied by its 

intensity and summed (range, 0 to 300). H score ≤ 10, 10 < H score ≤100, 100 < H score ≤ 200, 

200 < H score ≤ 300 were finally regarded as negative (-), weak positive (+), moderate positive 

(++) and strong positive (+++), respectively. Cases with tissue loss, including 2 in FGFR2, 3 in 

TOX3 and 3 in LSP1 staining, or without available clinical or pathological data were not 

included into final analyses. 

 

2.2.4 Statistical analysis 

During statistical analyzing, expression proportions of FGFR2 and TOX3 in different 

characteristic subsets were compared by Fisher’s exact test. Comparisons of expression level 

(reflected by H score) were performed using nonparametric tests. In detail, Mann-Whitney U test 

was chosen for 2-independent sample comparison, Kruskal-Wallis and Nemenyi test were chosen 

for multi-independent sample comparison. Correlations of ER and PR Allred’s score with the H 

scores of FGFR2 and TOX3 were estimated by using Spearman’s ranked correlation methods. 

All the statistical analyses were carried out using SPSS PASW Statistics Software (version 18.0.0, 

USA). Significance was defined as a P-value of <0.05 (two-sided). 
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3 RESULTS 

 

3.1 Expression statuses of ER, PR, HER2, FGFR2, TOX3 and LSP1 in 13 breast cell lines 

Breast cancer is a heterogenous disease. ER, PR and HER2 expression statuses are three 

important profiles of this disease for clinical diagnosis, prognosis and therapy. As research has 

demonstrated that cell lines also exhibit pronounced genomic heterogeneity and biological 

characteristics as with primary tumors [104], we first detected the expression pattern of ER, PR 

and HER2 in 13 breast cell lines with ICC (Table 3.1). Consistent with earlier studies 

[95,104-108], expression of both ER and PR was detected in MCF7 and T47D breast cancer cell 

lines (Figure 3.1). None of the other 10 non-tumorous or cancerous breast cell lines was 

detectable for ER or PR. Although previous reports showed no amplification/overexpression of 

ERBB2/HER2 in BT20 [104-107], we observed a strong positive staining of the complete 

membrane in >30% cells (Hercept score of 3+ [101]). Amplification of ERBB2 was observed in 

MDA-MB-453 but without overexpression in previous studies [104-107], however, we saw a 

predominant plasma membrane staining in >30% cells (Hercept score of 3+) (Figure 3.2). 

Therefore, according to the expression patterns of ER, PR and HER2 detected in the current 

study, 4 breast cancer cell lines (BRC230, MDA-MB-231, CAL51 and MDA-MB-435) and 5 

non-tumor breast cell lines were regarded as triple-negative beast cell lines (TNC) and 2 (BT20 

and MDA-MB-453) were regarded as HER2 overexpression cell lines for the following analysis. 

 

As shown in Figure 3.3, positive staining of FGFR2 was only observed in the cytoplasm of about 

80% T47D cells and negative in the other 12 cell lines, although <1% positive cells could be 

observed in MDA-MB-453, CAL51 and MDA-MB-435 (Figure 3.3 A to E). By contrast, TOX3 

was detected in all the 13 breast cell lines with a clear nuclear and sometimes also nucleolar 

localization and with moderate to strong intensity (Figure 3.3 F to J). Although statistical 

analysis revealed no significance, the expression level of TOX3 (H score) seemed lower in 

cancer cell lines than in non-tumor ones (Figure 3.4 A). No association of the TOX3 expression 

with ER, PR or HER2 status was determined (Figure 3.4 B to E). No positive staining for LSP1 

was detected in any cell line, while it was strong positive in thymocytes (as positive control) 
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(Figure 3.3 K to O). 

The BRCA1 mutation status [109] and genotypes of variants of rs2981582 at FGFR2, 

rs3803662 at TOX3 and rs3817198 at LSP1 loci [106] had been detected in 5 of the 8 breast 

cancer cell lines (Table 3.1). Because all the 5 detected cell lines harbored wild type of BRCA1, 

no comparison could be done. The sole cell line positive for FGFR2 (T47D) showed wild type of 

BRCA1 and homozygote of major allele for the FGFR2 risk locus (rs2981582). Homozygote of 

major allele at rs3803662 presented in 3 cell lines with moderate expression level of TOX3 (H 

score of 135 to 180); heterozygote presented in 1 cell line with a TOX3 H score of 180; 

homozygote of minor allele presented in 1 cell line with a TOX3 H score of 135 (Figure 3.4 F). 

In spite of the small sample size used to perform statistical comparison, this result could not 

exclude the possibility that the expression of TOX3 might be different between different variants 

at rs3803662. Irrespective of the kind of allele that was harboring at rs3817198, no any 

expression of LSP1 was detected. 

Table 3.1 Expression statuses of ER, PR, HER2, FGFR2, TOX3 and LSP1 in 13 human breast cell lines 

Cell line BRCA1a Type ER PR HER2b TNC FGFR2c TOX3c LSP1c 

hTERT-HME1 n.a. non-tumor - - 1+ yes - + - 
MCF10A n.a. non-tumor - - 2+ yes - + - 
MCF12A n.a. non-tumor - - 2+ yes - + - 
184A1 n.a. non-tumor - - 2+ yes - + - 
HBL100 n.a. non-tumor - - 1+ yes - + - 
BT20 wild cancer - - 3 + no -/Maj +/Maj -/Het 
BRC230 n.a. cancer - - 2+ yes - + - 
MCF7 wild cancer + + 2+ no -/Maj +/Het -/Maj 
MDA-MB-231 wild cancer - - 2+ yes -/Het +/Maj -/Het 
MDA-MB-453 wild cancer - - 3+ no -/Min +/Maj -/Maj 
T47D wild cancer + + 2+ no +/Maj +/Min -/Min 
CAL51 n.a. cancer - - 2+ yes - + - 
MDA-MB-435 n.a. cancer - - 2+ yes - + - 

a: BRCA1 mutation status [109]: wild: wild type, without mutation;  
b: Hercept score of HER2 for ICC; 
c: Genotyping of rs2981582 in FGFR2, rs3803662 near TOX3 and rs3817198 in LSP1 was reported in 

reference [106].  Maj: Homozygote of major allele; Min: Homozygote of minor allele; Het: 
Heterozygote; 

+: positve for ICC; -: negative for ICC; n.a.: not available; yes: TNC (triple-negative cell line); no: 
non-TNC.  
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Figure 3.1 Representative HE staining and immunostaining of ER and PR in breast cancer cell lines 

(HE or DAB×400)  A , B: HE staining of MCF7 (A) and T47D (B); C, D: Nuclear immunostaining of ER (↑) 
in MCF7 (Allred’s score of 7, C) and T47D (Allred’s score of 7, D); E, F: Nuclear immunostaining of PR (↑) in 
MCF7 (Allred’s score of 5, E) and T47D (Allred’s score of 8, F). 
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Figure 3.2 Representative HE staining and immunostaining of HER2 in breast cancer cell lines (HE or 

DAB×400)  A , B: HE staining of BT20 (A) and MDA-MB-453 (B); C, D: Strong and complete plasma 
membrane staining of HER2 (↑) in >30% cells of BT20 (C) and MDA-MB-453 (D), especially predominant in 
the latter.  
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C D 
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Figure 3.3 Representative immunostaining of FGFR2, TOX3 and LSP1 in breast cancer and non-tumor 

cell lines (DAB×400)  A to E: FGFR2  A: Positive control; B: moderate staining of FGFR2 in the cytoplasm 
of T47D cells (↑); C: <1% cells showed positive in MDA-MB-453 (↑); D: no staining in MDA-MB-231; E: no 
staining in non-tumor cell line (MCF12A).  F to J: TOX3  When strong and moderate positive staining of 
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TOX3 was presented in both neuron cells (F, ↑) and gliocytes (F, dashed ↑) as positive control, all the 13 breast 
cancer and non-tumor cell lines showed nuclear staining for TOX3 (The small square area in F was shown as 
isotype control for TOX3). K to O: LSP1  While thymus tissue showed strong positive for LSP1 (K), no 
staining was detected in any cell line. (B, G, L: T47D, non-TNC; C, H, M: MDA-MB-453 (HER2-overexp.); D, 
I, N: MDA-MB-231 (TNC); E, J, O: MCF12A (non-tumor, TNC)). 

 
 

  

   
Figure 3.4 Expression of TOX3 in 5 non-tumorous and 8 cancerous breast cell lines and the associations 
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with ER, PR and HER2 statuses and the SNP near TOX3 locus (median and IQR of H score, 
Mann-Whitney U test)  The median (min, max) of TOX3 H score was 163.13(135, 180) in breast cancer cell 
lines and 180.00(135, 225) in non-tumorous breast cell lines. No significant difference was confirmed between 
breast cancer and non-tumorous cell lines by Mann-Whitney U test (P=0.474; A). When ER, PR, HER2 statuses 
and TNC were considered, no difference was revealed (P=0.592, 0.592, 0.592 and 0.402, respectively; B, C, D, 
E). When variants at rs3803662 were considered, no statistical analysis could be done because the sample size 
was too small (F).   

 

3.2 Potential differences in several characteristics of Inv-BC samples between Group 1 and 

Group 2 

As our Inv-BC tissue samples in Group 1 were from a 1st-degree family history confirmed 

collection during 1981-1996 and Inv-BC cases in Group 2 were from a family history unselected 

collection from 2003-2007, potential heterogeneity of tissue treatments and tumor characteristics 

between these two groups might influence the subsequent comparison. Therefore, we first 

compared several important features, which would be combined subsequent for comparison 

analyses of Group 1 with Group 2. The distant metastasis (pM) could not be compared because 

only 2 cases provided information about pM in Group 1.The results showed no significant 

differences in pT, lymph node involvement (pN), tumor grade (G), histological subtype, ER or 

PR statuses, HER2 overexpression of Inv-BC or TNBC phenotype between these two groups. 

The only difference was that the age at first diagnosis of breast cancer in Group 1 was younger 

than that in Group 2 (with the median age of 48.0 years and 66.50 years, respectively; P=0.002 

with Fisher’s exact test and P=0.000 with Mann Whitney U test) (Table 3.2).  

 

Based on these statistical results, we could combine Inv-BC cases in Group 1 and Group 2 into a 

third Inv-BC sample group which contained 110 Inv-BCs (including at least 39 familial Inv-BC 

cases and 48 sporadic ones) for following analyses. Overall, this combined group included 

17.8% (19/107) of pT3 and pT4, 49.5% (51/103) of LN involved (pN1~N3, LN+), 3.2% (2/62) 

of distant metastasized (pM1), 27.3% (30/110) of G3, 80% (88/110) of ER+, 72.2% (78/108) of 

PR+, 7.4% (8/108) of HER2 overexpressed (HER2-overexp.) tumors and 17.3% (19/110) were 

defined as TNBC. 
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Table 3.2 Comparison of several characteristics of Inv-BC between Group1 and Group2  

(Fisher’s exact test) 

Characteristic N1 Group 1 ( n,%) N2 Group 2 ( n,%) N Total (n, %) P-valuea 

Age of first BC 30  78  108  0.002* 

median(min, max) years  48.0 (28, 71)  66.5 (33, 85)  64.5 (28, 85)  

<40 years  7 (23.3)  2 (2.6)  9 (8.3)  

≥40 years  23 (76.7)  76 (97.4)  99 (91.7)  

pT 31  79  110  0.389 

pT 1,2  25 (80.6)  63 (79.7)  88 (80)  

pT 3,4  3 (9.7)  16 (20.3)  19 (17.3)  

unknown  3 (9.7)  0  3 (2.7)  

LN involvement (pN) 31  79  110  0.112 

-  9 (29.0)  43 (54.4)  52 (47.3)  

+  16 (51.6)  35 (44.3)  51 (46.4)  

unknown  6 (19.4)  1 (1.3)  7 (6.4)  

Grade 31  79  110  0.152 

1,2  26 (83.9)  54 (68.4)  80 (72.7)  

3  5 (16.1)  25 (31.6)  30 (27.3)  

Histological subtype 31  79  110  0.645 

IDC  24 (77.4)  46 (58.2)  70 (63.6)  

ILC  4 (12.9)  12 (15.2)  16 (14.5)  

MEC  0 (0.0)  4 (5.1)  4 (3.6)  

MUC  1 (3.2)  5 (6.3)  6 (5.5)  

NEC  0 (0.0)  5 (6.3)  5 (4.5)  

CRIBC  1 (3.2)  3 (3.8)  4 (3.6)  

Others  1 (3.2)  4 (5.1)  5 (4.5)  

ER 31  79  110  1.000 

-  6 (19.4)  16 (20.3)  22 (20.0)  

+  25 (80.6)  63 (79.7)  88 (80.0)  

PR 31  79  110  0.637 

-  9 (29.0)  21 (26.6)  30 (27.3)  

+  20 (64.5)  58 (73.4)  78 (70.9)  

unknown  2 (6.5)  0  2 (1.8)  

HER2 overexpression 31  79  110  0.439 

no  29 (93.5)  71 (89.9)  100 (90.9)  

yes  1 (3.2)  7 (8.9)  8 (7.3)  

unknown  1 (3.2)  1 (1.3)  2 (1.8)  

TNBC 31  79  110  0.781 

no  25 (80.6)  66 (83.5)  91 (82.7)  

yes  6 (19.4)  13 (16.5)  19 (17.3)  
a: The P-value was calculated excluding tumors without information. 

*: with statistical significance 



Results                                                                      36 

 

 

3.3 General expression patterns of FGFR2, TOX3 and LSP1 in Inv-BC, intraductal 

papilloma, fibroadenoma and non-tumorous breast lesions  

 

3.3.1 Expression pattern of FGFR2 

Although FGFR2 is a transmembrane protein, several recent articles have reported a nuclear 

localization of FGFR2 in normal and cancerous breast tissues [88-91]. However, from the results 

of cell lines shown above, we did not detect a nuclear localization of FGFR2. For this reason, we 

first examined the expression pattern of FGFR2 in 109 cancerous and 38 benign breast tissues 

(excluding 3 samples with tissue-losing). Histologically, in both Inv-BCs and benign breast 

lesions, a cytoplasmic staining pattern of FGFR2 was observed in nearly all positive cases and 

obviously surrounded the nucleus (perinuclear pattern) in many cases. Staining on the plasma 

membrane could also be seen in some cases, although it seemed more like a localization at the 

intracellular side of the cell membrane. No certain nuclear staining was observed. Either, no 

staining was detected in myoepithelial or non-epithelial cells either (Figure 3.5). Numerically, 

positive expression of FGFR2  (+ to +++) was observed in 75.2% (82/109) Inv-BC, 63.6% 

(7/11) intraductal papilloma, 66.7% (10/15) fibroadenoma and 73.5% (9/12) non-tumor breast 

tissues (P=0.722, Table 3.3). The proportion of high-level expression (strong positive, +++) was 

determined in 22.9% of Inv-BCs but 0% of the three benign lesions (P=0.013). However, 

possibly different expression level of FGFR2 could not be further figured out within these 4 

lesions by non-parameter comparison, although intraductal papilloma seemed generally to show 

the lowest expression level (with H score median of 20, Figure 3.6). 

 

Table 3.3 Expression and high-level expression of FGFR2 in Inv-BC and benign breast lesions 

(Fisher’s exact test) 

FGFR2 (expression, n) FGFR2 (high-level, n) 
Lesion N 

negative positive (%) 
P-value 

low high (%) 
P-value 

 147   0.722   0.013* 
Inv-BC  27 82 (75.2)  84 25 (22.9)  
Intraductal papilloma  4 7 (63.6)  11 0 (0.0)  
Fibroadenoma  5 10 (66.7)  15 0 (0.0)  
Non-tumorous lesions  3 9 (75.0)  12 0 (0.0)  
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*: with statistical significance 

 

   

   

   
 
Figure 3.5 Representative immunostaining of FGFR2 in Inv-BC and benign breast lesions (DAB ×400)     

A to E: Immunostaining of FGFR2 was observed in most kinds of Inv-BCs at varying levels, except for 4 cases of 
MEC, which were totally unstained for FGFR2. A: IDC; B: ILC; C: MEC; D: MUC; E: NEC; F: CRIBC; G: 
intraductal papilloma (×200); H: fibroadenoma; I: non-tumorous breast lesion (from 2 cases). Cytoplasmic and 
plasma membrane’s (red ↑) and perinuclear (blue ↑) staining was observed in cancerous and benign ductal/lobular 
epithelial cells but not in myoepithelial (pink ↑) or mesenchymal (black ↑) cells. 
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Figure 3.6  Expression levels of FGFR2 and TOX3 in Inv-BC and benign breast lesions (median and 

IQR of H score, Kruskal-Wallis and Nemenyi tests)  When only Inv-BC and the other two kinds of benign 
breast tumors were compared, expression of FGFR2 in intraductal papilloma (shown as intra. papilloma) was 
lower than in Inv-BC but with a marginally significant P-value (P=0.05). When non-tumorous lesions (shown as 
non-tumor) were also included in the comparison, no significance was further confirmed. Significantly lower 
expression of TOX3 in Inv-BC than in fibroadenoma was determined (P=0.04). (“○” and “*”: extreme values) 

 

3.3.2 Expression pattern of TOX3 

TOX3 has been reported as a nuclear protein [77]. However, no visualized data has been 

available in publications until now. By using a commercial polyclonal antibody, positive 

immunostaining of TOX3 was observed in the nuclei of nearly all cases in all kinds of tissues. 

While strong and moderate staining of TOX3 was respectively presented in neuron cells and 

gliocytes in the normal human brain tissues (used as a positive control), weak to strong staining, 

mainly moderate, was observed in both benign ductal/lobular epithelial cells, myoepithelial cells 

and also benign/malignant tumorous epithelial cells (Figure 3.7). It seemed that the staining in 

those epithelial cells with apocrine metaplasia was always somewhat more predominant. 

Mesenchymal fibroblasts, endothelial and smooth muscle cells of the vessels and also eccrine 

glands, sebaceous glands and skeletal muscle cells surrounding the tumor lesions in several cases 

were also moderately positive for TOX3. Numerically, positive expression of TOX3 (+ to +++) 

in epithelial cells was determined in 98.1% of Inv-BC and in 100% of other 3 lesions. The only 
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two so-called negative Inv-BCs (one from Group1, ILC; another one from Group2, 

neuroendocrine carcinoma (NEC), without available information about family history), showed 

very faint and ambiguous staining in about 10% tumor cells and therefore were regarded as 

negative. As seemingly weaker staining in Inv-BCs was noticed, we paid special attention to the 

weak expression of TOX3 and a overall difference was revealed within these 4 lesions (P=0.035, 

Table 3.4). Furthermore, Kruskal-Wallis test of H score also showed significance with a P-value 

of 0.013 within these 4 lesions and lower expression in Inv-BC than in fibroadenoma was 

determined (P=0.04, Figure 3.6). However, no difference of high-level (+++) expression was 

observed within these lesions. 

 

Table 3.4 Weak and high-level expressions of TOX3 in Inv-BC and benign breast lesions 

(Fisher’s exact test) 

TOX3 (weak, n) TOX3 (high-level, n) 
Lesion N 

weak (%) non-weak 
P-value 

low high (%) 
P-value 

 146   0.035*   0.587 
Inv-BC  24(22.4) 83  95 12 (11.2)  
Intraductal papilloma  0(0.0) 11  11 0 (0.0)  
Fibroadenoma  0(0.0) 16  13 3 (18.8)  
Non-tumor disease  1(8.3) 11  11 1 (8.3)  

*: with statistical significance 
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Figure 3.7 Representative immunostaining of TOX3 in Inv-BC and benign breast lesions (DAB ×400)      

A to E: Clear nuclear immunostaining of TOX3 was observed in all kinds of Inv-BC and benign breast lesions. A: 
IDC; B: ILC; C: MEC; D: MUC; E: NEC; F: CRIBC; G: intraductal papilloma; H: fibroadenoma (×200); I: 
non-tumorous breast lesion (×200, from 2 cases). Tumor cells were marked with a blue arrow (↑); normal ductal 
epithelial cells were marked with a red arrow (↑); the pink arrow (↑) highlighted myoepithelial cells; the black 
arrow (↑) marked out the stromal fibroblasts and fibrocytes; the orange arrow (↑) represented lymphocyte; the 
purple arrow (↑) pointed out the epithelial cells with apocrine metaplasia. 

 

3.3.3 Expression pattern of LSP1 

Although the expression of LSP1 has been shown to be restricted in hematopoietic cells but not 

in epithelial cells, the possible risk association of the SNP at LSP1 locus with breast cancer 

might indicate a special role of LSP1 in breast cancer. Moreover, we did observed one IDC case 

(54y; G3; pT1N0) in 22 Inv-BCs included in the TMA sample collection, which was used for 

pre-test, that showed moderate cytoplasmic staining for LSP1 in 20% to 60% tumor cells (Figure 

3.8). So we further detected the expression of LSP1 in the 147 Inv-BC and benign breast tissues 
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(two samples with tissue-losing were excluded). While thymocytes (as inter positive control) in 

normal thymus and leukocytes scattering in all types of breast tissues (as inner positive control) 

presented strong staining in cytoplasm and intracellular side of cell membrane for LSP1, only 2 

Inv-BC cases were found to present ambiguous light brown staining (Figure 3.8). One of them 

was diagnosed as ILC (59y; G2; pT1N0M0; ER+, PR+, HER2 3+) which showed weak cell 

membrane staining in <10% of scattered tumor cells. The other one was diagnosed as MEC (68y; 

pT1N0M0; TNBC) which showed weak cell membrane staining and cytoplasmic faint staining in 

about 15% of tumor cells. IHC of these two cases were repeated once, similar staining patterns 

were obtained. Interestingly, the tumor cells of all these three “positive” cases had large nuclei 

and predominant nucleoli but without predominant infiltration of inflammatory cells into the 

epithelial cell sheets, which is a typical appearance in lymphoepithelial carcinoma, especially in 

the “positive”-case included in the TMA. In all the other tumorous or non-tumorous breast 

tissues, no positive staining was observed in any of the epithelial cells. Therefore, no further 

statistical analysis was done upon the expression of LSP1.  

 

 

 

 

 

 

 

 

 

 

 



Results                                                                      42 

 

   

   

   

   
 

Figure 3.8 Representative immunostaining of LSP1 in Inv-BC and benign breast lesions (DAB ×400)       
A: Strong staining for LSP1 on the inner side of plasma membrane and in the cytoplasm of normal thymocytes 
(positive control). B (×100) and C (×400): One case of IDC in the TMA collection showed cytoplasmic staining 
for the current LSP1 antibody. One ILC (D) and one MEC (E) in Group2 presented ambiguous staining for LSP1. 
F: IDC; G: MUC; H: NEC (×200); I: CRIBC (×200); J: intraductal papilloma; K: fibroadenoma; L: 
non-tumorous breast lesion. “Positive” tumor cells were marked with a blue arrow (↑); the orange arrow (↑) 
highlighted lymphocytes which were regarded as inner positive control; the pink arrow (↑) pointed out the 
lymphocytes infiltrating in the lobular epithelia. 
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3.4 Associations of FGFR2 expression in Inv-BC with clinical and pathological 

characteristics 

When clinical and pathological characteristics of Inv-BC were examined, higher positive 

proportion of FGFR2 in subsets of elder age (≥40 years), lower tumor grade (G1, 2), ER+ and 

PR+, as well as in non-TNBCs (Table 3.5) was revealed. As shown above, different age 

distributions between Group 1 and Group 2 might influence the combined analysis of FGFR2 

expression with patients’ age, replicated analyses were executed separately in these two groups. 

However, no significance was confirmed in either group (P=0.053 in Group 1, P=0.430 in 

Group2). Thus, we could not confirm that expression of FGFR2 was associated with age.  A 

higher high-level expression proportion of FGFR2 (with 200 < H score ≤ 300) was demonstrated 

in ER+ and non-TNBC than ER- (P=0.023) and TNBC (P=0.006) subsets (Table 3.5). 

Nonparametric tests of H score further demonstrated a significantly lower expression level of 

FGFR2 in G3 tumors and a predominantly lower level in ER-, PR- and TNBC ones (Figure 3.9 

and Figure 3.10 A, B, D). In fact, FGFR2 was entirely undetectable in 89.5% (17/19) of TNBCs, 

and the other 2 cases only showed very weak expression with an H score of <50. Because PR is 

well-known as an ER-dependent protein, further fine comparisons within 4 different ER/PR 

phenotypes indicated that the ER+ might be the key event for FGFR2 expression, because the 

expression levels were similar in ER+/PR+ and ER+/PR- subsets (Figure 3.10 E). According to 

these findings, negative correlation of FGFR2 expression (- to +++) with tumor grade (G1 to G3) 

(rs= -0.269, P=0.005) and positive correlations of FGFR2 H score with ER (rs= 0.513, P=0.000) 

and PR (rs= 0.414, P=0.000) Allred’s scores were further defined by Spearman’s rank correlation 

analysis. Besides, as shown in Figure 3.10 E (↑), we still noticed that 1/21 ER-/PR- case showed 

high-level-expression for FGFR2, while nearly all the others in this subset lacked FGFR2 

expression. When examining the primary data, we found that this case showed HER2 

overexpression. However, a comparison of the two subsets with different expression status of 

HER2 did not reveal an association between the expression of FGFR2 and HER2 overexpression 

(Table 3.5 and Figure 3.10 C). Nor was more significant difference between subsets defined by 

family history, menopausal status, HRT history, malignant tumor history, bilateral, 

multicentric/multifocal, pT, LN involvement or distant metastasis observed. 

 



Results                                                                      44 

 

Within different histological subtypes, FGFR2 was expressed in 70% (49/109) of IDC, 100 % of 

(16/16) ILC, 100% (5/5) of MUC, 80% (4/5) of NEC and 100% (4/4) of CRIBC cases but it was 

entirely negative in 100% (4/4) of MEC ones which were TNBCs (Table 3.5, Figure 3.11). 

Kruskal-Wallis and further Nemenyi tests demonstrated a significantly higher expression level of 

FGFR2 in ILC than in IDC and in MEC cases (Figure 3.11). 

 

Table 3.5 Associations of FGFR2 expression in Inv-BC with clinical and pathological characteristics 

(Fisher’s exact test) 

FGFR2 (expression, n) FGFR2 (high-level, n) 
Characteristic N 

negative positive (%) 
P-value 

low high (%) 
P-value 

Group 109   1.000   0.801 

1  8 23 (74.2)  23 8 (25.8)  

2  19 59 (75.6)  61 17 (21.8)  

Age 109   0.040*   0.681 

<40y  5 4 (44.4)  8 1 (11.1)  

≥40y  22 78 (78.0)  76 24 (24.0)  

Family history 86   0.626   0.799 

-  14 33 (70.2)  36 11(23.4)  

+  9 30 (76.9)  31 8(20.5)  

Menopause∆ 76   0.452   0.690 

Pre- (or <50y)  4 7 (63.6)  8 3 (27.3)  

Post- (or ≥50y)  15 50 (76.9)  52 13 (20.0)  

HRT∆ 58   1.000   0.433 

-  11 33 (75.0)  37 7 (15.9)  

+  4 10 (71.4)  10 4 (28.6)  

Malignant tumor history∆▲ 54   0.418   0.667 

-  13 32 (71.1)  37 8 (17.8)  

+  1 8 (88.9)  7 2 (22.2)  

Bilateral∆ 78   0.671   0.362 

no  18 52 (74.3)  56 14 (20.0)  

yes  1 7 (87.5)  5 3 (37.5)  

Multicentric/multifocal∆ 78   0.188   1.000 

no  19 51 (72.9)  55 15 (21.4)  

yes  0 8 (100.0)  6 2 (25.0)  

pT 106   0.231   1.000 

pT1, 2  23 64 (73.6)  66 21 (24.1)  

pT3, 4  2 17 (89.5)  15 4 (21.1)  

LN involvement 102   1.000   0.816 

-  13 38 (74.5)  38 13 (25.5)  

+  12 39 (76.5)  40 11 (21.6)  
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pM∆ 62   1.000   0.378 

M0  16 44(73.3)  48 12(20.0)  

M1  0 2(100.0)  1 1(50.0)  

Tumor grade 109   0.000*   0.203 

G1, 2  12 67 (84.8)  58 21 (26.6)  

G3  15 15 (50.0)  26 4 (13.3)  

ER 109   0.000*   0.023* 

-  19 3 (13.6)  21 1 (4.5)  

+  8 79 (90.8)  63 24 (27.6)  

PR 107   0.000*   0.447 

-  20 10 (33.3)  25 5 (16.7)  

+  7 70 (90.9)  58 19 (24.7)  

HER2 overexpression 107   1.000   0.680 

no  25 74 (74.7)  76 23 (23.2)  

yes  2 6 (75.0)  7 1 (12.5)  

TNBC 109   0.000*   0.006* 

no  10 80 (88.9)  65 25 (27.8)  

yes  17 2 (10.5)  19 0 (0.0)  

BRCA1/2 mutation 16   0.263   0.263 

non-BRCA1/2  2 5(71.4)  4 3(42.9)  

BRCA1  3 2(40.0)  5 0(0.0)  

BRCA2  0 4(100.0)  2 2(50.0)  
∆: Information on menopausal status, HRT, malignant tumor history, bilateral BC, multicentric/multifocal BC and pM was only 

available in some cases in Group 2. Some cases in Group 2 had undergone hysterectomy before natural menopause and no 

information about inner hormone level was available, so we defined age at ≥50 years as postmenopausal status in such cases. 
▲: Nine cases in Group 2 had suffered from malignant tumors of other organs or tissues: 3 cases had colon caner, 1 had 

endometrial cancer, 1 had skin basal cell carcinoma, 1 had subaxillary non-Hodgkin’s lymphoma (NHL), 1 had CIN III, 1 had 

papillary thyroid carcinoma, and 1 had paranasal squamous cell carcinoma. 

*: with statistical significance 

 

 
Figure 3.9 Expression levels of FGFR2 and TOX3 in Inv-BC with different tumor grades (median and 
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IQR of H score, Kruskal-Wallis and Nemenyi tests)  Statistical analyses demonstrated a significantly lower 
expression of FGFR2 in G3 Inv-BCs than in G1 and G2 ones (P=0.003). No different expression of TOX3 was 
revealed within subsets of different tumor grades. (“○”: extreme values) 

 

      

    

  
Figure 3.10 Expression levels of FGFR2 and TOX3 in Inv-BCs with different ER, PR and HER2 statuses 

(median and IQR of H score, Mann-Whitney test or Kruskal-Wallis and Nemenyi tests)  A, B, D: 
Predominantly lower expression of FGFR2 was shown in ER-, PR- and TNBC tumors (all with P=0.000). E: 
Further, greatly different expression of FGFR2 between ER-/PR- subset and ER+/PR+ (P=0.00) or ER+/PR- 
(P=0.00) subsets was confirmed. One case with ER-/PR- and HER2 overexpressed still showed strong expression 
of FGFR2 (↑), but no difference was detected between HER2 over- and non-overexpression tumors (C). No 
statistical difference was revealed when TOX3 expression was concerned. (“○” and “*”: extreme values) 

A B 

C D 

E 
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Figure 3.11  Expression levels of FGFR2 and TOX3 in different histological subtypes of Inv-BC 

(median and IQR of H score, Kruskal-Wallis and Nemenyi tests)  Significantly lower expression of 
FGFR2 in MEC (P=0.01) and IDC (P=0.02) than in ILC was confirmed. Seemingly lower expression of FGFR2 
in NEC (only 5 cases) could not be confirmed by these statistical analyses. No different expression of TOX3 was 
revealed within these subtypes. (“○” and “*”: extreme values) 

 

3.5 Associations of TOX3 expression in Inv-BC with clinical and pathological 

characteristics 

Although nearly all Inv-BC tissues showed positive for TOX3, and no difference in TOX3 

high-level-expression was revealed between subsets in any of the characteristics, Fisher’s exact 

test indicated a lower expression proportion in familial than sporadic cases (P=0.002, Table 3.6). 

Mann-Whitney U tests additionally confirmed a weaker expression level of TOX3 in familial 

Inv-BCs than sporadic ones. Because the samples in Group 1 were obtained from old blocks, and 

we found that tumor-adjacent normal breast tissues also showed obviously lower expression 

level of TOX3 in Group 1 than in Group 2 (P=0.000 with Mann-Whitney test), we further 

compared the expression of TOX3 only in Group 2 with family history. As shown in Figure 3.12, 

the significance could not be confirmed although the H score in familial tumors seemed lower 

than in sporadic ones. There were very few familial cases in Group 2, which could cause a false 

negative. Therefore, more familial cases with equal quality are still needed to clarify the 

possibility of lower expression of TOX3 in familial Inv-BC. However, a significantly lower 



Results                                                                      48 

 

expression level of TOX3 was revealed in cases positive for malignant tumor history than 

negative ones in Group 2 (Figure 3.13). No additional difference was observed with respect to 

other clinical and pathological characteristics (Table 3.6, Figure 3.9 to Figure 3.11). 

 

Table 3.6 Associations of TOX3 expression in Inv-BC with clinical and pathological characteristics 

(Fisher’s exact test) 

TOX3 (weak, n) TOX3 (high-level, n) 
Characteristics N 

weak (%) non-weak 
P value 

low high(%) 
P value 

Group 107   0.001*   0.742 

1  14 (54.2) 17  27 4 (12.9)  

2  10 13.2) 66  68 8 (10.5)  

Age 107   0.112   1.000 

<40y  4 (44.4) 5  8 1 (11.1)  

≥40y  20 (20.4) 78  87 11 (11.2)  

Family history 84   0.002*   1.000 

-  5 (11.1) 40  40 5 (11.1)  

+  16 (41.0) 23  35 4 (10.3)  

Menopause∆ 74   1.000   0.238 

Pre- (or <50y)  1 (10.0) 9  8 2 (20.0)  

Post- (or ≥50y)  9 (14.1) 55  59 5 (7.8)  

HRT∆ 56   1.000 37 5 (11.9) 1.000 

-  5 (11.9) 37  13 1 (7.1)  

+  2 (14.3) 12     

Malignant tumor history∆▲ 52   0.057   0.574 

-  3 (7.0) 40  37 6 (14.0)  

+  3 (33.3) 6   0 (0.0)  

Bilateral∆ 76   1.000   1.000 

no  9 (13.2) 59  61 7 (10.3)  

yes  1 (12.5) 7  7 1 (12.5)  

Multicentric/multifocal∆ 76   0.587   1.000 

no  10 (14.7) 58  61 7 (10.3)  

yes  0 (0.0) 8  7 1 (12.5)  

pT 104   0.527   0.432 

pT1, 2  17 (19.8) 69  77 9 (10.5)  

pT3, 4  5 (27.8) 13  15 3 (16.7)  

LN involvement 100   0.329   0.758 

-  8 (16.3) 41  43 6 (12.2)  

+  13 (25.5) 38  46 5 (9.8)  

pM∆ 60   1.000   0.192 

M0  7 (12.1) 51  53 5 (8.6)  

M1  0 (0.0) 2  1 1 (50.0)  
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Tumor grade 107   0.603   1.000 

G1, 2  19 (24.4) 59  69 9 (11.5)  

G3  5 (17.2) 24  26 3 (10.3)  

ER 107   0.776   0.708 

-  4 (18.2) 18  19 3 (13.6)  

+  20 (23.5) 65  76 9 (10.6)  

PR 105   0.603   1.000 

-  7 (24.1) 22  26 3 (10.3)  

+  15 (19.7) 61  67 9 (11.8)  

HER2 overexpression 105   0.682   0.592 

no  22 (22.7) 75  85 12 (12.4)  

yes  1 (12.5) 7  8 0 (0.0)  

TNBC 107   1.000   1.000 

no  20 (22.7) 68  78 10 (11.4)  

yes  4 (21.1) 15  17 2 (10.5)  

BRCA1/2 mutation 16   1.000   0.250 

non-BRCA1/2  4(57.1) 3  7 0(0.0)  

BRCA1  3(60.0) 2  5 0(0.0)  

BRCA2  2(50.0) 2  3 1(25.0)  
∆: Information on menopausal status, HRT, malignant tumor history, bilateral BC, multicentric/multifocal BC and pM was only 

available in some cases in Group 2. Some cases in Group 2 had undergone hysterectomy before natural menopause and no 

information about inner hormone level was available, so we defined age at ≥50 years as postmenopausal status in such cases. 
▲: Nine cases in Group 2 had suffered from malignant tumors of other organs or tissues: 3 cases had colon caner, 1 had 

endometrial cancer, 1 had skin basal cell carcinoma, 1 had subaxillary non-Hodgkin’s lymphoma (NHL), 1 had CIN III, 1 had 

papillary thyroid carcinoma, and 1 had paranasal squamous cell carcinoma. 

*: with statistical significance 

 

     
Figure 3.12 Expression levels of FGFR2 and TOX3 in Inv-BCs with different statuses of family and 

malignant tumor history (median and QR of H score, Mann-Whitney U test) Significantly lower 
expression of TOX3 was observed in familial Inv-BCs than sporadic ones when all Inv-BCs in Group 1 and 
Group 2 were conbined (P=0.001, A). However, when comparison was only done in cases in Group 2, such 
significance could not be repeated (P=0.068, B). No differences were seen when expression of FGFR2 was 

A B 
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analyzed. (“○”: extreme values) 

 

 

Figure 3.13 Expression levels of FGFR2 and TOX3 in Inv-BCs with different statuses of malignant 
tumor history (only including cases in Group 2, median and QR of H score, Mann-Whitney U test)  
Significantly lower expression of TOX3 was observed in cases positive for malignant tumor history than in those 
negative for (P=0.004) (“*”: extreme values) 

 

3.6 Expression statuses of FGFR2 and TOX3 in Inv-BC tissues of BRCA1/2 germline 

mutation carriers 

Because the breast cancer risk associations of FGFR2 and TOX3 loci might also be altered by 

BRCA1/2 mutation status except for family history and ER status, the expression of FGFR2 and 

TOX3 was also compared within BRCA1/2 germline mutation and non-mutation carriers. As 

shown in Table 3.7, there were 5 cases with BRCA1 and 4 cases with BRCA2 germline mutations, 

and 7 cases without BRCA1/2 germline mutation in Group 1. By Fisher’s exact (Tables 3.5 and 

3.6) and Kruskal-Wallis test (Figure 3.14), no significant difference in FGFR2 or TOX3 

expression was demonstrated. However, seemingly lower expression of FGFR2 was shown in 

BRCA1 mutation carriers than in the other two subsets. Interestingly, 3/5 BRCA1, 0/4 BRCA2 and 

1/7 non-BRCA1/2 mutation carriers were TNBCs. Moreover, these 3 BRCA1 carriers showing 

TNBC totally lacked FGFR2 expression, while none of the 4 BRCA2 carriers were negative for 

FGFR2, and 2/4 of them even showing high-level expression for FGFR2 (Table 3.7).  

These findings were in agreement with earlier studies that BRCA1 associated tumors are 

more likely to be triple negative and basal-like breast cancer, while BRCA2 associated ones are 

more likely to be luminal breast cancer which shows ER+ and/or PR+. And BRCA1-related 
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tumors are more likely to lack FGFR2 expression, while BRCA2- and non-mutation tumors are 

more likely to present diverse expression of FGFR2 [110]. 

 

Table 3.7 FGFR2 and TOX3 expression levels in cases with BRCA1/2 germline mutation information 

(n=16) 

Fam. ID 
Detected 
Pat. ID 

Histological 
subtype 

G BRCA1/2 ER PR HER2 TNBC 
FGFR2  
(H score) 

TOX3  
(H score) 

Fam.30 303 IDC 2 BRCA1 - - 1+ yes 0 150 
Fam.31 300(male) IDC 2 BRCA2 + - 2+ no 50 220 
Fam.60 302 ILC 2 BRCA2 + + 1+ no 285 80 
 401 IDC 2 BRCA2 + + 1+ no 235 180 
 416 IDC 3 BRCA2 + + 2+ no 150 80 
Fam.81 202(male) IDC 3 BRCA1 + + 1+ no 70 100 
 305 IDC 3 BRCA1 - - 1+ yes 0 100 
Fam.92 302 IDC 2 no + + 2+ no 100 40 
Fam.105 401 IDC 2 BRCA1 - - 2+ yes 0 180 
Fam.1688 209 IDC 2 no - - 1+ yes 0 75 
Fam.2750 300 (IDC+MUC) 1 BRCA1 + + 1+ no 200 60 
Fam.2953 202 ILC 1 no + + 1+ no 270 180 
Fam.3692 200 IDC 3 no + + 2+ no 10 40 
Fam.3784 200 IDC 2 no + + n.a. no 220 150 
 202 IDC 2 no + + 1+ no 235 90 
 300 IDC 2 no + + 2+ no 170 180 
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Figure 3.14 Expression levels of FGFR2 and TOX3 in different BRCA1/2 germline mutation carriers 

(median and IQR of H score, Kruskal-Wallis test) Although no significant difference was demonstrated by 
Kruskal-Wallis test (P=0.129), expression level of FGFR2 in BRCA1 mutation carriers seemed much lower than  
in the other two subsets. Expression of TOX3 showed no obvious difference within these 3 subsets (P=0.635). 
(“○”: extreme value) 
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4 DISCUSSION 

 

In the present study, we detected the expression statuses of FGFR2, TOX3 and LSP1 proteins by 

ICC/IHC in 5 non-tumor and 8 human cancerous breast cell lines, 110 Inv-BCs, 11 intraductal 

papillomas, 16 fibroadenomas and 12 non-tumor breast conditions. Further, the associations of 

the expression of these proteins in Inv-BC with 15 clinical and pathological characteristics 

including age, menopausal status, HRT, family history, history of malignant tumors of other 

organs or tissues, multicentric/multifocal and bilateral tumors, pTNM, ER, PR and HER2 

statuses and histological subtypes, were statistically analyzed. 

 

4.1 Expression status of FGFR2 in human breast cancer  

 

4.1.1 Distribution and intracellular localization of FGFR2 in breast lesions 

By using a commercial monoclonal antibody which is raised against recombinant fragment 

corresponding to amino acid residues (aa) 621-724 of human FGFR2 (intracellular TK domain), 

we observed a mixed cytoplasmic, perinuclear and plasma membrane immunostaining pattern of 

FGFR2 in malignant and benign breast tumor cells, as well as in non-tumorous ductal/lobular 

breast epithelial cells, but not in myoepithelial cells or mesenchymal tissues. As mentioned in the 

introduction, FGFR2 has at least two alternative isoforms (FGFR2 IIIb and FGFR2 IIIc) which 

have two different C-terminal half of the IgIII domains (within the extracellular domain) due to 

alternative usage of exon 9 or 10 and thus manifest different ligand binding specificities and 

affinities in a cell lineage-specific manner. Generally, FGFR2 IIIb is predominantly expressed in 

epithelial cells, while FGFR2 IIIc is preferentially expressed in mesenchymal cells [64,67,111]. 

In human breast cancer, both isoforms are expressed and FGFR2 IIIc was demonstrated to 

express with a correlation with epithelial-to-mesenchymal transition (EMT) [111]. The 

distribution pattern observed here seems to resemble the distribution of FGFR2 IIIb rather than 

that of FGFR2 IIIc. However, according to the recognizable site, this antibody might not 

distinguish these two isoforms. Except for the alternative splicing isoforms of IgIII domain, there 

are still at least 3 C-terminal splicing variants of human FGFR2 IIIb, which were designated as 
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C1 (822aa), C2 (788aa) and C3 (769aa), having been identified [111,112]. Additional variants 

having different or deleted signal peptides, IgI, acid box, IgII and TM domains due to different 

mRNA splicing further add complexity to the presenting forms of FGFR2 [113]. However, 

according to the amino acid sequences, the differences of these variants are also beyond the 

recognizable site of this antibody. Despite a nuclear localization of FGFR2 was reported by using 

one or several commercial polyclonal antibodies recognizing the C-terminal cytoplasmic domain 

of FGFR2 in human normal and cancerous breast, mouse breast cancer, and also human 

non-small-cell-lung cancer tissues (NSCL) [88-91,114], we did not observe a certain nuclear 

localization in any sample examined by using the current monoclonal antibody. Earlier studies 

using one rabbit polyclonal antibody raised against the 805-821aa (C-terminal) of human FGFR2 

or a self-produced rabbit antibody raised against the IgII domain of FGFR2 [110,115] revealed a 

cytoplasmic staining pattern of FGFR2 in cancerous or normal breast cells of tissue samples and 

a mixed cytoplasmic and perinuclear, but not a nuclear staining pattern in BC cell lines either 

[116]. Interestingly, different variants of another FGFR family member, FGFR3, showing 

different cellular localization, have also been reported. When four different variants of FGFR3 

were transfected into COS-7 cells, one variant missing both the N-terminal signal peptide and the 

TM domains just showed a nuclear localization, while the other 3 variants showed a cytoplasmic 

staining pattern [116]. Moreover, the current antibody recognizing site (621-724 aa) of FGFR2 

contains 3 major tyrosine sites of phosphorylation [117]. Thus, the potential causes underlying 

the different findings within these antibodies may be explained by the following possibilities: ( i ) 

Different antibodies targeting different domains may recognize different variants or functional 

(phosphorylated) statuses of FGFR2; ( ii ) Lower sensitivity of the monoclonal antibody we used 

here or lower specificity of the polyclonal antibodies used in those studies.  

 

Because of the complexity of alternative splicing, comprehensive comparisons with antibodies 

targeting different domains of FGFR2, detection of the mRNA variants and phosphorylated 

statuses of this protein is still needed to clarify this apparent inconsistency.  

 

4.1.2 Variing expression levels of FGFR2 in benign and malignant breast cell lines and 

tissues 
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In 5 non-tumor and 8 malignant human breast cell lines, we first determined by ICC that the 

breast cancer cell lines T47D and MCF7 are ER+/PR+; MDA-MB-453 and BT20 are HER2 

overexpressed; BRC230, MDA-MB-231, CAL51 and MDA-MB-435, as well as all the 5 

non-tumorous breast cell lines are triple-negative phenotypes. By using this antibody targeting 

the cytoplasmic TK domain, we only observed a moderate cytoplasmic staining of FGFR2 in the 

T47D breast cancer cell line but not in any other malignant or non-tumorous breast cell lines. 

Previous studies have shown that both T47D and MCF7 express FGFR2 mRNA and also FGFR2 

protein [116,118,119]. Here we only detected a positive expression of FGFR2 in T47D but not in 

MCF7. In a large-scale real-time quantitative RT-PCR study, the mRNA expression level of 

FGFR2 was 3-fold higher in T47D than in MCF7 and no difference occurred in MCF7 with or 

without E2 (17β-estradiol) treatment [120]. In the same study, similar to our observations, 

MDA-MB-231 and MDA-MB-435 were undetectable for FGFR2 mRNA [120]. The expression 

of FGFR2 has also been reported to be expressed in 184A1, MCF10A and BT-20 cell lines but 

controversially in HBL100 and MDA-MB-453 [116,118,119,121,122]. Therefore, compared with 

our results, except for the possibility that the antibody we chose here recognizes a certain 

isoform or functional status of FGFR2 which presents in T47D but not in the other breast cell 

lines, it’s also possible that the expression level of FGFR2 in other cell lines is too low to be 

detectable by the present ICC detecting system.  

 

The mRNA expression of FGFR2 has been reported in 89% to 95% of human breast cancers and 

nearly in 100% of non-malignant breast tissues at varying levels but without significant 

difference between these two kinds of breast tissues [119,121]. By using the antibody we chose 

here, positive expression of FGFR2 with varied levels was detected in most cases (63.6% to 

75.2%) of Inv-BCs, intraductal papillomas, fibroadenomas and non-tumor breast conditions 

(most cases were fibrocystic breast disease with hyperplasia). Although no significance could be 

pointed out by non-parameter comparisons, the seemingly lowest expression level was shown in 

intraductal papilloma. And high-level expression (H score of >200) of this protein was observed 

in 22.9% of Inv-BCs but not in any of the other three benign lesions. One study using a 

polyclonal anti-FGFR2 antibody detected a positive cytoplasmic expression of FGFR2 in only 

17% of breast cancers [110]. However, in that study, a different scoring system (Allred’s scoring 
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system [100]) was adopted and a score of 7 or above was regarded as positive, which is more 

equal to the high-level expression cut-off in the present study. Thus, our results generally agree 

with the previous findings and also confirm the notion that FGFR2 plays a role in both benign 

and malignant breast epithelial lesions.  

 

4.1.3 Significant associations of the expression of FGFR2 with tumor grade, ER and PR 

statuses and non-triple negative phenotype of Inv-BC 

When clinical and pathological features of breast cancer were considered, we observed an 

expression of FGFR2 in 90.8% of ER+ and 90.9% of PR+ Inv-BCs versus in 13.6% of ER- and 

33.3% of PR- ones. Further statistical analyses revealed a positive correlation with ER and PR 

expression levels. Moreover, the staining of FGFR2 in 89.5% (17/19) of TNBCs was even 

entirely undetectable, while the other 2 cases only showed weak positive for FGFR2. In the 

large-scale real-time quantitative RT-PCR study mentioned above, 51/517 genes, including PGR 

(the gene encoding PR) and FGFR2, showed >3-fold up-regulated expression of mRNA in the 

ERα-positive breast tumor pool compared with the ERα-negative pool [120]. Similar results had 

been reported in another immunohistochemical study in which FGFR2 positive expression was 

shown in 6% of BRCA1-mutation (being predominantly ER- and having a basal-like phenotype) 

and 30% of BRCA2-mutation (characterized by ER+ and a luminal phenotype) carriers and 

positive associations of FGFR2 with ER and PR expressions were revealed [110]. Studies on 

breast cancer cell lines also demonstrated a much greater expression of FGFR2 in ER+ than in 

ER- cell lines [123]. In the 13 breast cell lines included in this study, FGFR2 expression was 

only detected in one ER+/PR+ breast cancer cell line (T47D) but not in other ER-/PR- ones. As 

PR is well-known as an ER-dependent protein and FGFR2 was expressed in both ER+/PR+ and 

ER+/PR- subsets but not in ER-/PR- cases, the key correlation might mainly lie in ER and 

FGFR2. Besides, while 89.5% of TNBCs were completely undetectable for FGFR2, no 

association of FGFR2 expression with HER2 overexpression was observed. The potential 

mechanisms underlying these results may at least include the following possibilities: ( i ) The 

expression of FGFR2 in breast cancers might be partly dependent on, or regulated by, the 

expression of ER, or they may locate at the downstream of one common signaling passway. 

While the increased risk in breast cancer conferred by the FGFR2 allele is predominant for ER+ 
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subset and no significant increase in risk for ER- subset, a functional study on this locus has 

shown evidence to support the notion that the Oct-1/Runx2 binding site is the dominant 

determinant of different expressions between the common and minor haplotypes of FGFR2 locus 

[61]. Additionally, a genome-wide analysis of ER-binding sites has revealed that Oct-1/Runx2 

may cooperate to increase gene expression [124]. Unfortunately, as far as the genotypes at 

rs2981592 (FGFR2 locus) in 5 breast cancer cell lines were concerned, the only one (T47D)  

positive for FGFR2 shows homozygote of major allele, and the other 4 cell lines showing 

homozygote of minor allele or heterozygote of major and minor allele were undetectable for 

FGFR2. Therefore, no more proof could be given by this study to demonstrate the possible 

association of FGFR2 expression with the genotypes at FGFR2 locus. Despite the fact that 

Spearman’s ranked correlation test demonstrated significantly positive correlations of FGFR2 

expression with ER and PR expressions, the rs only reaches 0.513 and 0.414, respectively. In 

other words, there might be some other factors, beyond ER and PR, regulating the expression of 

FGFR2. It has also been shown that FGFR2 IIIb plays a role in the forming and branching of 

embryonic mammary glands without the presence of ERα, ERβ, PR, or the receptors for growth 

hormone (GH) and prolactin [67,70]. In breast cancers, similar mechanisms might also exist. ( ii ) 

The lack of expression of FGFR2 might be a common feature of most TNBCs, although TNBC 

has been demonstrated to be a genetically heterogeneous subset of breast cancer. Amplification 

and overexpression of FGFR2 have been found in 4% TNBCs [125], however, most (86%) of the 

basal-like breast cancer (comprising the major part of TNBCs) were negative for FGFR2 when 

examined by IHC [110]. In our study, we didn’t find any TNBC with overexpression of FGFR2. 

This may be because of the relatively smaller sample-size (only 19 cases of TNBC were 

determined here). ( iii ). As discussed above, the antibody used here may recognize a special 

functional status or isoform of FGFR2 which differed from those showing a nuclear localization. 

Thus, the positive correlation with ER/PR status may only represent one status or isoform of 

FGFR2. Nuclear localization of FGFR2 in breast cancer was not demonstrated to be associated 

with ER or PR status, or the genotype of rs2981582 at FGFR2 locus [90]. 

 

In the current 16 cases with known BRCA1/2 germline mutation status, although without 

significance, 4/5 (80%) of BRCA1-associated cases were negative or only weak positive for 
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FGFR2, while 3/4 (75%) of BRCA2 and 4/7 (57%) of non-BRCA1/2 mutation carriers were 

moderate or strong positive for FGFR2. Combined with the previous report [110], we agree that 

a higher expression of FGFR2 is in BRCA2-associated than BRCA1-associated breast cancers. 

 

Additionally, a negative correlation of the expression of FGFR2 with tumor grade was observed. 

G3 tumors are known to be less differentiated and more likely to show lower expression for ER 

and PR and more likely to be TNBCs. As regards histological types of breast cancer, higher 

expression of FGFR2 in ILC than in IDC and MEC was revealed. This is possibly also due to the 

different expression statuses of ER in these three histological types, because ILC is usually 

positive for ER and MEC usually presents triple-negative profile. However, a recent study [126] 

which compared the expression of several growth factor receptors between male and female 

breast cancers did not reveal any significantly different expression of FGFR2 within IDC (121 

males and 211 females), ILC (3 males and 25 females) and other histological types (9 males and 

30 females), regardless of the gender. Due to the limited number of cases of ILC (16 cases) and 

MEC (4 cases) included in our study, further investigation with larger sample size is still needed 

to clarify the possible differences.  

 

Despite the fact that family history could alter the association of breast cancer with SNPs at 

FGFR2 locus, we did not demonstrate any association of family history with FGFR2 expression. 

Either, no further associations were observed when the other characteristics were concerned, 

except that a doubtfully higher positive proportion of FGFR2 was seen in elder ages (≥ 40y) 

which might more likely be due to the different ER statuses between younger and elder groups. 

 

4.2 Expression status of TOX3 in human breast cancer  

 

4.2.1 Expression profiling of TOX3 in benign and malignant breast tissues and cell lines 

Similar to the other three members of the TOX HGM-box subfamily, TOX3 protein contains 

three separable domains: an N-terminal domain with a NLS, the highly conserved HMG-box and 

a C-terminal polyglutamine stretch [77]. By using a commercial polyclonal antibody which is 

generated from rabbits immunized with synthetic peptide between 221~250 aa from the central 
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region of human TOX3 (close to the HMG-box region), we observed a wide cell lineage 

distribution of TOX3 in the nuclei of breast ductal/lobular epithelial cells, myoepithelial cells, 

surrounding mesenchymal cells, eccrine glands, sebaceous glands, skeletal muscle cells, as well 

as all the 13 non-tumorous and malignant breast cell lines. This cellular localization pattern is 

consistent with the previous description of it as a nuclear protein [77], and its wide distribution 

may imply a basic role in cells. 

 

Although all the 13 breast cell lines were detectable for TOX3 protein, a seemingly lower 

expression level in breast cancer cell lines than in non-tumor cell lines was implied but without 

statistical significance. No significant difference was observed when ER, PR and HER2 statuses 

were taken into consideration. As the SNPs at TOX3 locus have been demonstrated to be 

associated with breast cancer risk [40,41], we tried to examine the expression of TOX3 in breast 

cancer cell lines available for this information. In all the five breast cancer cell lines with 

detected SNP status of rs3803662 in earlier reports, TOX3 showed moderate positivity. The 

lowest H score of TOX3 was seen in the cell line harboring the homozygote of minor allele and 

one cell line harboring homozygote of major allele, while other 2 cell lines with major alleles 

and the one with heterozygote alleles presented similar scores. Since the sample-size was too 

small, the expression level could not be compared by statistical analysis. Then this study can not 

indicate whether the SNP status at rs3803662 may alter the expression of TOX3 protein.  

 

Trying to determine the role of TOX3 in breast cancer, we further compared the expression of 

TOX3 in malignant and benign breast epithelial cells in tissue samples. Statistical analysis 

revealed that weak positive pattern was easier to find in Inv-BC than fibroadenoma, intraductal 

papilloma and non-tumor lesions. Significant difference was observed between Inv-BC and 

fibroadenoma. 

 

4.2.2 Possibly lower expression of TOX3 in familial Inv-BCs and cases with malignant 

tumor history 

As regards 15 clinical and pathological factors of Inv-BC, lower expression level of TOX3 was 

observed in familial Inv-BCs than sporadic ones and in Inv-BC cases positive for other organ’s 
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malignant tumor history than negative ones. However, since most of the familial samples 

included in the present study were collected from 1981 to 1996 while all the sporadic ones were 

from 2003 to 2007, we cannot rule out the possibility that potentially different tissue sample 

qualities may influence the IHC results of TOX3, although no such phenomena were noticed 

when other proteins, including ER, PR, HER2, FGFR2 and LSP1, were observed in the same 

samples. In spite of this, we still cannot rule out the possibility that a lower expression of TOX3 

may be associated with family history. More samples of equal quality are still needed to clarify 

this possibility. 

 

To our knowledge, the present study is the first attempt to investigate the expression of TOX3 

focusing on the histological localization, and our results imply a potential basic role of TOX3 in 

cancerous and non-cancerous breast tissues. However, quantification analysis of human TOX3 

by quantitative real-time PCR in another study indicated that TOX3 was expressed most 

prominently in the central nervous system and ileum but not in normal mammary tissues, and 

mainly in epithelial cells but not in endothelial or mesenchymal cells [77]. In view of the 

contradictions between these two studies, more work is still needed to clarify the underlying 

causes, such as the specificity of the antibody used here, consistency between the mRNA and 

protein level expressions of TOX3 and its exact functions in different cells and tissues. 

 

4.3 No definite expression of LSP1 in benign or malignant human breast epithelial cells 

 

As mentioned above, LSP1 has been reported to be restrictedly expressed in normal and 

malignant hematopoietic cells. Additional expression of LSP1 in mouse endothelial cells was 

demonstrated and was indicated to regulate neutrophil transendothelial migration [87]. Our 

IHC/ICC results also replicated a typical expression of LSP1 in normal thymocytes and in 

leukocytes presented in the stromal of benign and malignant breast tissues. With regard to breast 

epithelial cells, we first observed one IDC case presenting moderate cytoplasmic staining for 

LSP1 in tumor cells in a TMA sample collection. Additional 2 Inv-BCs further showed 

ambiguous weak positive in <15% of tumor cells. In order to exclude an artificial positive, the 

immunostaining of LSP1 in all the three cases had been repeated and similar staining pattern had 
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been observed. Another explanation is passive epithelial acquisition of LSP1 from the 

surrounding tumour-infiltrating lymphocytes [127]. However, no predominant lymphocytes 

infiltrating into the tumor cell sheets were observed in the 3 positive cases. Thus, aberrant 

expression might be a possible explanation. Such aberrant expression of lymphocytic antigen 

CD5 is well known in thymic carcinoma, as well as in malignant mesothelioma, gastric 

adenocarcinoma, endometrial carcinoma, and so on [127,128]. CD45 positive carcinomas have 

also been reported, although very rarely [127]. Despite of the possibility of occasional aberrant 

LSP1 expression in breast cancerous epithelial cells, it’s still too early to conclude that LSP1 can 

play a role directly in breast cancerous epithelial cells. Moreover, we did not detect a positive 

expression of LSP1 in 13 benign or malignant breast cell lines, including 5 breast cancer cell 

lines showing all the three types of alleles at rs3817198 in the intron 10 of LSP1 gene. Thus, it is 

still not likely that the risk variants at LSP1 loci may exert a direct effect on the expression of 

LSP1 in breast cancer cells.  
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5 CONCLUSIONS 

 

According to the working hypothesis and the current results, we draw the following conclusions: 

( i ) FGFR2 expresses at varing levels in both benign and malignant breast epithelial cells. 

However, the nuclear intracellular localization of FGFR2 cannot be replicated by using the 

current commercial monoclonal antibody. ( ii ) FGFR2 can be highly expressed in Inv-BCs but 

usually not in benign lesions. ( iii ) The expression of FGFR2 in Inv-BC is positively correlated 

with the expressions of ER and PR and negatively correlated with tumor grade and usually lose 

expression in TNBCs. In spite of a small sample size, we still reckon that the BRCA1/2 germline 

mutation status alters the expression of FGFR2. ( iv ) TOX3 may play a basic role in breast, as 

nuclear expression of TOX3 was detected in all kinds of breast cells in the current study. ( v ) 

The expression of TOX3 may be down-regulated in familial Inv-BCs and cases with malignant 

tumor history in other organs/tissues. BRA1/2 germline mutation status of Inv-BC may not alter 

the expression levels of TOX3. However repeated and functional studies are still needed to 

clarify these tentative findings. ( vi ) LSP1 is usually not expressed in tumorous or non-tumorous 

breast epithelial cells, including those in familial Inv-BCs and BRCA1/2 mutation carriers. It 

seems that LSP1 does not play a direct role in breast epithelial cells.  
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