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ABSTRACT  

Purpose: Anti-thyroid peroxidase (TPO) autoantibodies (TPOAb) seem to be protective for patients 

with breast cancer (BC). Thyroid and breast tissues both express the sodium iodide symporter (NIS), 

similarly both have a peroxidase activity, TPO and lactoperoxidase (LPO) respectively. We 

hypothesize a common immune response to a thyroid/breast shared antigen suggesting 3 putative 

mechanisms: 1) TPOAb react to both TPO and LPO, 2) TPO could be expressed in BC and 3) patients 

with TPOAb could have autoantibodies to NIS (NISAb). Previous studies excluded NISAb that block 

NIS activity in sera of patients with thyroid autoimmunity (TA) and/or BC. This study investigates 

neutral NISAb (binding without affecting function). 

Methods: Clones of CHO cells stably expressing human NIS (hNIS; CHO-NIS) were isolated 

following transfection of hNIS in pcDNA3 vector. Expression of hNIS mRNA and surface protein was 

confirmed by PCR and flow cytometry respectively using a hNIS-mouse-monoclonal-antibody. CHO-

NIS and controls transfected with the empty pcDNA3 vector (CHO-Empty) were incubated with 42 

heat-inactivated human sera followed by an anti-human-IgG-AlexaFluor488-conjugate: 12 with BC, 11 

with TA, 10 with both BC and TA and 9 with non-autoimmune thyroid diseases. The Kolmogorov-

Smirnov-Test was used to compare the fluorescence intensity obtained with CHO-NIS and CHO-

Empty, using sera from 6 young males as a negative control population.  

Results: None of the 42 sera were positive for NISAb.  

Conclusions: NISAb are rare and NIS is unlikely to be a common thyroid/BC shared antigen. We have 

recently demonstrated TPO expression in BC tissue and are currently investigating TPOAb cross-

reactivity with TPO/LPO.   
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INTRODUCTION 

The relationship between breast cancer (BC) and benign thyroid disorders, especially thyroid 

autoimmunity (TA), has been widely reported over many years [1-3], but remains controversial [4-8]. 

In particular BC patients have been reported to have a higher prevalence of anti-thyroid peroxidase 

(TPO) autoantibodies (TPOAb) [6,9,10] with several authors reporting that TPOAb positive BC 

patients have a better outcome [11-14].  

These observations have led us and others to propose an immune response to a shared 

thyroid/breast auto-antigen, which confers improved outcome in terms of breast tumor growth. Thyroid 

and breast tissue share several proteins having similar function. These include the sodium iodide 

symporter (NIS) [15,16] and enzymes with peroxidase activity, TPO and lactoperoxidase (LPO) 

respectively [17], from which we suggest 3 possible mechanisms for the common immune response. 1) 

TPO is present in both thyroid and BC cells and we recently demonstrated that TPO (both mRNA and 

protein) is expressed in BC tissue [18], even if at a much lower level compared with thyroid tissue. 2) 

TPOAb could cross react with LPO expressed in BC tissue, since TPO and LPO have a 46% primary 

sequence homology [19]. 3) The present study focuses on a third hypothesis: since NIS is expressed in 

thyroid and BC cells, TPOAb positive patients could also have autoantibodies to NIS (NISAb) reacting 

to NIS in both tissues, following spread of the autoimmune response. 

The Human NIS (hNIS) gene encodes a 643 amino acid membrane-bound glycoprotein 

located at the baso-lateral portion of the thyroid follicular cell [15,20]. NIS has been detected in 

lactating breast tissue and the upregulation of NIS expression has been demonstrated in BC tissue by 

immunochemistry [16].  

In 1995 Raspé et al. identified NIS as a potential thyroid autoantigen, albeit in a very small 

proportion of patients [21], while Kilbane et al. [22] reported low iodine content in BC tissue compared 

to benign breast tumours, postulating that putative NISAb were able to block hNIS function in BC 

cells. This was disputed in a study by Fierabracci et al. [23] who reported no interference of purified 

serum IgGs from patients with BC and TA on the iodine uptake by a Chinese hamster ovary (CHO) 

cell line stably transfected with hNIS. 

A number of studies investigated the prevalence of NISAb using recombinant hNIS protein 

produced in an in vitro transcription/translation system. They used immunoprecipitation, SDS-PAGE 

and autoradiography to detect neutral NISAb (bind but do not affect NIS function), reporting their 
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presence in 24% [24], 20.8% [25] and 14% [26] of autoimmune hypothyroid patients, significantly 

higher than healthy control subjects in all cases. They also explored NISAb function with iodide uptake 

assays using CHO cells transfected with full-length hNIS and found the presence of NIS inhibiting 

activity in both sera and isolated IgGs, even if in 50% of inhibiting sera no antibodies binding NIS 

were found [24].     

The aim of this present study is to evaluate the prevalence of neutral NISAb in patients 

affected by TA and/or BC. The presence of these antibodies, especially in BC patients, would support 

our hypothesis that NIS is a thyroid/breast-tissue shared auto-antigen. 

 

MATERIALS AND METHODS 

 

Establishment of CHO cell lines expressing hNIS  

The hNIS complementary DNA (cDNA) cloned into the eukaryotic expression vector 

pcDNA3 and encoding amino acid 1 to 612 of hNIS was a gift from Dr. S.M. Jhiang (The Ohio State 

University, Columbus, Ohio) [27,28].  

CHO cells were maintained in Ham’s F-12 supplemented with 10% FCS, 2% 

penicillin/streptomycin, 1 mM sodium pyruvate and 0.1% sodium bicarbonate. CHO cells were 

transfected using TransFast® (Promega) according to the manufacturer’s instructions. CHO cells 

transfected with pcDNA3-hNIS (CHO-NIS) and empty pcDNA3 vector (CHO-Empty) as a control 

were selected using G418. Positive CHO-NIS expressing clones were isolated by serial dilution.  

NIS mRNA expression was tested in CHO-NIS clones and CHO-Empty controls; thyroid 

tissue obtained with ethical approval and informed consent from a patient undergoing thyroidectomy 

for Graves’ disease served as a positive control. RNA extraction and reverse transcription were 

followed by polymerase chain reaction (35 cycles) and agarose gel analysis as previously described 

[18], amplifying a hNIS product of 207 bp using Forward Primer CTCCCTGCTAACGACTCCAG 

(1842-1861 exon 12) and Reverse Primer GAGGTCCCACCACAACAATC (2029-2048 exon 14) 

designed with Primer 3 Plus software.  

We tested NIS protein expression on the surface of CHO-NIS cells by flow cytometry using a 

mouse monoclonal antibody to hNIS, as described below. 
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Flow cytometric analysis  

CHO cells 70-90% confluent were detached from 75-cm2 flasks with 5 ml PBS containing 5 

mM EDTA/EGTA, transferred to universal tubes, and washed in PBS/0.5% BSA/2mM EDTA/20 mM 

Hepes (Flow Buffer). Cells were pelleted at 1200 RPM for 6.5 min at 4°C and the supernatant removed 

by inversion. Cells were counted and transferred to BD Falcon round bottom polystyrene tubes 

(Scientific laboratories supplies) and adjusted to 50,000 cells/tube.  

 Incubations with Flow Buffer (100µl) containing heat inactivated human serum from various 

patients (1:50) or the mouse monoclonal antibody VJ2 directed against an extracellular domain of hNIS 

(1:50, kindly donated by Dr S. Costagliola, Free University of Brussels) [29] were for 1 hour at room 

temperature.   

Cells were then washed X3 with Flow Buffer (1ml) and centrifuged as above, followed by a 

30 min incubation with Flow Buffer (100µl) containing goat polyclonal anti-human IgG (H+L) Alexa 

Fluor 488 (1:50, Life Technologies) or ab150113 goat polyclonal anti-mouse IgG H&L Alexa Fluor 

488 (1:2000, abcam) respectively at 4°C in the dark.  

A viability dye, LIVE/DEAD® Fixable Near-IR Dead Cell Stain Kit (50µl, 1:1000, 

Invitrogen) was added finally to each tube and incubated at 4°C in the dark for a further 30 min, to 

facilitate detection of damaged cells. Experimental controls omitting the first antibody (either hNIS 

monoclonal antibody or patients’ serum) were also analyzed in the same experiment to investigate 

nonspecific binding of either mouse/ human Alexa Fluor conjugates. 

Following the final incubation cells were washed X3 with Flow Buffer as before and re-

suspended in 250µl Flow Buffer. The fluorescence of 10,000 cells/tube was assayed by BD 

FACSCanto II flow cytofluorometer, FACSDiva Software (BD Biosciences, San Jose, USA). FITC 

and Apc-Cy7 channels were used to detect Alexa Fluor 488 and Near-IR dead cell stain signals 

respectively. No compensation was needed since their excitation-emission peaks had different 

wavelengths (500-520 nm and 633-750 nm respectively).  

 

Human sera used for flow cytometry 

Sera from 42 women and negative control sera from 6 young males (Group M) were tested 

after heat inactivation at 56°C for 30 min. Patient were divided into 4 groups and their characteristics 
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are shown in Table 1. TPOAb and anti-thyroglobulin autoantibodies (TgAb) were measured by 

immunoenzymometric assay (Tosoh Bioscience, Tessenderlo, Belgium). 

 

Flow cytometry with extracted immunoglobulins (Igs) 

Igs were extracted from selected sera representing each patient group, incubating the sera at 

4°C for 4 hrs with ammonium sulphate 3.75M (1.49 ml for each 1 ml serum) and then dialyzing X3 in 

PBS for 4 hrs [30].  

 

Pre-adsorption of individual human sera using CHO-Empty cells 

Selected sera representing each patient group were pre-incubated with CHO-Empty cells in a 

pre-adsorption step before incubation with CHO-NIS 6 and CHO-Empty cells for flow cytometry 

analysis. In brief, sera to be tested were diluted 1:10 with CHO-Empty cells re-suspended in 0.18mls of 

flow buffer and mixed gently for 1 hour at room temperature. Cells were removed by centrifugation, 

the pre-adsorbed sera recovered and used as described above in subsequent steps [31]. 

 

Permeabilization protocol for flow cytometry 

Selected sera representing each patient group were tested by flow cytometry following a 

modified protocol in order to expose hypothetical internal NIS antigens through cell membrane 

permeabilization, which may hypothetically arise during the autoimmune destruction of thyroid tissue. 

Just before the incubation with the first antibody, CHO cells were fixed in 2% paraformaldehyde in 

PBS on ice for 30 min, washed x1 in PBS/0.1% BSA and then incubated with 0.1% BSA, 0.2% 

saponin PBS for 30 min at room temperature. The subsequent steps were similar to the original 

protocol, except they were all performed in 0.1% BSA, 0.2% saponin PBS instead of Flow buffer. 

 

Computer data analysis  

Flow Cytometric data was analyzed using FlowJo 8.8.6 Software (TreeStar Inc., Ashland, 

USA).  

Damaged and dead cells (positive for Near-IR dead cell stain measured with Apc-Cy7 channel) were 

gated and excluded from the analysis. FITC channel fluorescence intensity values, relative to Alexa 

Fluor dye, were measured in CHO-NIS cells and compared with control CHO-Empty cells.  
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Statistical analysis 

The geometric mean FITC fluorescence intensity values of CHO-NIS and CHO-Empty were 

compared for all sera and the Kolmogorov-Smirnov univariate two-sample test was used to obtain the 

greatest difference between the two histograms (CHO-NIS and CHO Empty), quoted as D value (D) 

[32]. Cut-off values were defined based on the mean D + 2 SD of the control young males sera with all 

values higher than this considered positive.  

  

RESULTS 

 

Characterization of CHO-NIS cell lines  

Successful CHO-NIS transfections were confirmed by the presence of a 207 bp amplicon in a 

mixed pool of CHO-NIS transfected cells; no amplicons were obtained in CHO-Empty (Fig. 1 panel 

A). We also tested 6 individual CHO-NIS clones, but only Clones 1 and 6 (CHO-NIS 1 and CHO-NIS 

6) expressed NIS mRNA (images not shown).  

Flow cytometric analysis using VJ2 confirmed a positive signal with CHO-NIS 6 and CHO-

NIS 1 cells compared to CHO-Empty (104, 103 and 102 mean fluorescent signal intensity respectively), 

indicating high specific binding of VJ2 to the NIS protein expressed on the cells surface, with CHO-

NIS 6 expressing the NIS protein at a higher level than CHO-NIS 1 (Fig. 1 panels B and C).  

 

Flow cytometry with human sera  

All 42 sera were tested in 3 separate experiments: once with CHO-NIS 1 and twice using 

CHO-NIS 6, always compared to CHO-Empty as negative control and testing Group M as reference 

control.  

In the three experiments all 42 human sera were negative for NISAb, i.e. no sera had a D 

value higher than the mean D + 2 SD of Group M. There were some borderline positive sera similarly 

distributed in all 4 groups which had D values close to the D + 2 SD cut-off of Group M. 

Representative flow cytometry histograms are shown in Fig. 2 panels A and B, representing borderline 

positive and negative sera respectively.  
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Flow cytometry performed using human sera, but not VJ2, showed a high non-specific signal 

with both CHO-NIS clones (1&6) and CHO-Empty cells. This high background was absent when the 

same cells were incubated with the second anti-human conjugate antibody only (Fig. 2 panel C), 

suggesting that the presence of this nonspecific signal is due to the human sera itself.  

To clarify this issue we performed some flow cytometry experiments with extracted Igs from 

4 representative sera (one for each patient group) that showed the same nonspecific background with 

both CHO-NIS and CHO-Empty cells obtained when using human sera (images not shown), suggesting 

the presence of serum antibodies against unknown antigens expressed on the CHO cells surface. 

We then carried out a pre-absorption protocol in which human sera were incubated with CHO-

Empty cells to try and eliminate or reduce the nonspecific binding. As shown in Fig. 3, pre-adsorption 

was effective in reducing the nonspecific background in 6/7 (85.7%) human sera for both CHO-Empty 

and CHO-NIS 6 cells. Contrary to our expectations, the pre-adsorption step was unable to significantly 

enhance any difference between CHO-Empty and CHO-NIS 6 cells (signal specificity), since it was 

only minimally increased in 4/7 (57%) (panels A and B), minimally decreased in 2/7 (29%) (panels C 

and D) and unchanged in 1/7 (14%) (panels E and F). Therefore we decided to perform screening of 

the 42 human sera without this pre-adsorption step. 

The experiment testing 7 different human sera with permeabilized CHO-NIS and CHO-Empty 

cells demonstrated a further increase in nonspecific background in both CHO-NIS and CHO-Empty 

cells without any significant difference between cells expressing NIS and controls (Fig. 4). 

 

DISCUSSION 

In this study none of the 42 human sera examined were positive for neutral NISAb, as no 

signals above the positive cut-off value were found. However 8/42 sera (19%), distributed throughout 

the 4 patient groups, were considered borderline positive, since they fell near to the positive cut-off. 

These higher D values, even if not statistically significant, could be representative of low titre neutral 

NISAb and/or demonstrate random variability without any significance. We are more inclined to the 

second interpretation as these 8 borderline positive sera were not confirmed in all three experiments 

performed. We therefore conclude that only D values clearly above the cut-off should be considered 

positive and we did not find any positive sera in this study.   
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To our knowledge this is the first paper using flow cytometry to detect neutral serum NISAb 

binding the symporter. Previously other groups using a recombinant hNIS protein identified neutral 

NISAb in sera from patients affected by TA, but which were also present in the general population [24-

26]. Our results do not confirm these previous reports. The most likely explanation is that expression of 

hNIS using an in vitro transcription/translation system may result in different and/or incomplete 

folding of the hNIS protein and a different glycosylation pattern compared with the recombinant hNIS 

produced in our CHO cell system. We believe that CHO expression of this complex protein with its 13 

transmembrane domains allows complete folding and glycosylation of this iodide transporter, with 

expression in its original location as a transmembrane protein. It is therefore probable that the 

conformational hNIS epitopes recognized by antibodies are likely to be different between the two 

recombinant protein expression techniques.  

We can conclude from this investigation that serum neutral NISAb are rare, in agreement with 

a number of previous studies [21,33,34] although not all [24,28]. Similarly, NISAb interfering with the 

symporter function have been described as rare by several authors who found no iodide uptake 

inhibitory activity among extracted IgGs from patients with or without TA and hypothesized that the 

inhibitory activity observed in some sera was no antibody-mediated, since disappearing when using 

IgGs instead of sera [23,33,34]. On the contrary, Ajjan et al. found iodide uptake inhibitory activity 

mediated by IgGs, even if 50% of those IgGs did not bind NIS, therefore they also postulated that the 

inhibitory activity could be in part not antibody-mediated or due to antibodies that do not act directly 

on NIS [24,28]. 

We conclude that NIS is unlikely to be a shared antigen responsible for a common immune 

response between thyroid and BC tissue. However, to definitively address this question further studies 

with larger number of sera are needed. In addition alternative techniques such as ELISA or Western 

Blot could be used to detect NISAb [35], as such techniques may expose epitopes of the hNIS protein 

not accessible when anchored in the cell membrane. Furthermore, differences in protein folding are 

possible with these techniques which again may result in a greater diversity of epitope exposure. In this 

study we cannot exclude the presence of NISAb recognizing intracellular epitopes which may arise 

following cell and tissue damage and which would be inaccessible in the flow protocol applied. Our 

preliminary experiments using permeabilized cells were hampered by high non-specific background 

staining which precluded our drawing any conclusions. This problem has been reported by other 
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authors using flow cytometry to detect antibodies to the thyrotropin receptor (TSHR) [31,36]. Since the 

background remains even when using purified Igs and is only slightly reduced by pre-adsorption, it is 

clearly due to antibodies to surface CHO proteins. CHO cells are the most commonly used mammalian 

cell lines for production of therapeutics [37-39] and some 60-70% of recombinant protein 

pharmaceuticals and almost all currently approved therapeutic antibodies are produced in mammalian 

cells [40]. This would account for some CHO-reactivity [41,42] but Xue et al. analyzed 83 normal 

individuals with no known exposure to therapeutic biologics and found antibodies to CHO proteins in 

45/83 (54%) cases, mainly isotype G Igs (IgGs). Therefore they postulated alternative explanations 

such as blood transfusions, vaccinations or keeping animals as pets [43].  

Despite this problem we have confidence in the flow cytometry protocol used, which has 

previously served to demonstrate neutral antibodies to another thyroid autoantigen, the TSHR 

[31,36,44].  

In conclusion no neutral NISAb were found in 42 human sera from different patients with TA 

and/or BC. The results confirm those of other groups who found NISAb blocking NIS activity only in a 

very small proportion of tested subjects [21,23,33,34]. Therefore NIS is unlikely to be a putative shared 

antigen between thyroid and BC cells, responsible for suggested improved outcomes of BC in patients 

affected by TA, even if further experiments are needed to definitively address this question, e.g. 

searching for internal epitopes potentially arising only during or after tissue damaging. Furthermore, 

the absence of NISAb does not exclude that NIS linear epitopes could trigger a hypothetical 

lymphocytes T reaction and specific studies are needed to explore this possibility. However one of the 

hypothetical common antigens is likely to be TPO, since it is expressed in both thyroid and BC tissue 

[18] and some studies suggest that BC patients positive for TPOAb have a better prognosis than 

patients negative for TPOAb [11-14]. Cross-reactivity between TPOAb and LPO has also been 

described [45,46] and further investigations are required to clarify the thyroid/breast shared antigen.  
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TABLES AND FIGURES  

 

Table 1. Human sera 

 Age: Mean and Range TPOAb 

positive 

TgAb 

positive 

BC 

(n=12) 

66 y ± 12 y SD   

(range 42-81 y)  

0/12 1/12 

TA 

(n=11) 

48 y ± 13 y SD 

(range 31-76 y) 

10/11 9/11 

BC/TA 

(n=10) 

54 y ± 7 y SD  

(range 43–63 y) 

9/10 8/10 

C 

(n=9) 

51 y ± 21 y SD  

(range 13-68 y) 

0/9 1/9 

M 

(n=6) 

10 y, 3.3 m ± 5 m SD  

(range 9y, 6m – 10y, 6m) 

0/6 0/6 

 

Characteristics of subjects whose sera were tested using flow cytometry. BC = patients with breast 

cancer. TA = patients with thyroid autoimmunity (defined as serum TPOAb and/or TgAb positivity). 

BC/TA = patients with BC and TA. C = patients affected by non-autoimmune thyroid disorders. M = 

young males sera (control population). y = years. m = months. SD = standard deviation. TPOAb = 

autoantibodies to thyroid peroxidase. TgAb = autoantibodies to thyroglobulin.  
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Fig. 1. Testing CHO-NIS cells for hNIS mRNA and protein expression 

 

Panel A. PCR amplicons obtained with NIS primers after 35 cycles. 1 = thyroid tissue (positive 

control); 2 = CHO-Empty; 3, 4, 5 = CHO-NIS 1st, 2nd and 3rd transfection respectively; 6 = distilled 

water (negative control). The 207bp expected amplicon is observed in 1, 3, 4, 5 and absent in 2, 6.  

Panels B,C,D. Flow cytometry histograms showing the FITC fluorescence intensity using VJ2 with 

second anti-mouse IgGs conjugate antibody in CHO-NIS 6 (panel B; dark grey tinted figure; 104) and 

CHO-NIS 1 (panel C; light grey tinted figure; 103) compared with CHO-Empty (empty black line; 102). 

Panel D shows incubation with the second anti-mouse IgGs antibody only (without VJ2 incubation): 

the signal is negative (102) in all three cell clones, excluding aspecific binding of the second antibody.  
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Fig. 2. Flow cytometry results with human sera 

 

Representative flow cytometry histograms showing the FITC fluorescence intensity obtained in CHO-

Empty (empty black line) and CHO-NIS 6 (dark grey tinted figure) after incubation with human sera 

and second anti-human IgGs antibody conjugate. Panels A and B show borderline positive and 

negative results respectively, in presence of a high aspecific background signal (103-104). Panel C 

shows incubation with the second anti-human IgGs antibody conjugate only: the signal is negative 

(102) in both cell lines, indicating absence of nonspecific binding of the second antibody.  
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Fig. 3. Pre-adsorption step in flow cytometry 

 

Representative flow cytometry histograms of FITC fluorescence intensity in CHO-Empty (empty black 

line) and CHO-NIS 6 (dark grey tinted figure) cell lines incubated with 3 human sera before (upper 

panels A, C, E) and after (lower panels B, D, F) adsorption with CHO-Empty cells. All panels show a 

shift of the histograms on the left for both CHO-Empty and CHO-NIS 6 after pre-adsorption step, 

indicating a nonspecific binding reduction.  

The signal difference between CHO-Empty and CHO-NIS 6 cells after the pre-adsorption step in 

respect to before pre-adsorption is slightly increased in serum 1, slightly reduced in serum 2 and 

unchanged in serum 3.  
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Fig. 4. Flow cytometry with permeabilized cells 

 

Representative flow cytometry histograms of FITC fluorescence intensity obtained using permeabilized 

CHO-Empty (empty black line) and CHO-NIS 6 (dark grey tinted figure). Panel A: results using 

human sera and second anti-human-IgG antibody conjugate. Panel B: negative control using second 

antibody only. In both cases there is a high nonspecific background signal present with both CHO-NIS 

and CHO-Empty cell lines, 104-105 and 103-104 respectively. 


