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ABSTRACT 

RNA binding proteins (RBPs) and microRNAs (miRNAs) control gene expression post-

transcriptionally by targeting mRNAs for translational activation, repression, or 

degradation. To date, aberrant expression of RBPs and miRNAs has been observed in 

many types of human cancers. We have shown the overexpression of Cold Inducible 

RNA binding protein (CIRP) in human breast cancer cell lines as compared to 

nontumorigenic and nontransformed breast epithelial cells. Others have shown 

cytoplasmic CIRP to be upregulated in a subset of breast tumors. Little is known about 

CIRP targets or its role in breast cancer. RBP Human antigen R (HuR), whose 

cytoplasmic localization is associated with aggressive breast cancer, and miR-125a, 

which is decreased in breast cancer, also have a poorly understood contribution to the 

etiology of breast cancer. Our studies in breast cancer cell lines have shown that CIRP 

overexpression upregulates HuR and proliferation, whereas miR-125a expression 
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downregulates HuR and suppresses proliferation. In this study, we address whether this 

post-transcriptional regulatory network is disrupted in clinical samples of human breast 

tumors by assessing the nuclear to cytoplasmic distribution of HuR, CIRP and miR-125a 

in three primary breast tumor subtypes: ER+PR+HER2-, ER+HER2- and ER-PR-HER2-, 

and matched normal breast tissue. Results show that the nuclear to cytoplasmic ratio of 

CIRP was increased in ER+PR+HER2- tumors compared to normal matched tissues, while 

HuR and miR-125a nuclear to cytoplasmic ratios show no significant difference between 

the tumors and matched normal tissues. The nuclear to cytoplasmic ratio of HuR is 

increased in the ER-PR-HER2- tumors compared to the other tumor subtypes, and this 

ratio correlates positively with proliferation. HuR and CIRP nuclear to cytoplasmic ratios 

positively correlate in ER+PR+HER2- tumors as do HuR and miR-125a nuclear to 

cytoplasmic ratios. Lastly, the nuclear to cytoplasmic ratio of miR-125a is decreased in 

ER-HER2+ tumors compared to ER+PR+HER2-  tumor subtype. This brings us to the 

conclusion that the post transcriptional regulatory network is relevant to ER+PR+HER2- 

tumors and the ER-PR-HER2- tumors. 
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     CHAPTER ONE 

INTRODUCTION 

RNA Binding Proteins and MicroRNAs 

Breast cancer is a disease of abnormal gene expression[1]. Regulators such as RNA 

binding proteins (RBPs) and microRNAs (miRNAs) have been shown to contribute to 

this abnormal gene expression at the post-transcriptional level [2] yet their combined 

contribution to breast cancer etiology is understudied. RBPs contain one or more RNA 

binding domains such as the RNA recognition motif (RRM), zinc finger domain or the 

double stranded RNA binding motif [3]. By binding double or single stranded target 

RNA to form ribonucleoprotein (RNP) complexes, RBPs play diverse roles in 

transcription, pre-mRNA splicing and polyadenylation as well as in RNA modification, 

transport, localization, translation, and decay [4].  

 

Similar to some RBPs, noncoding miRNAs bind to target sequences in mature mRNAs to 

decrease their stability and/or translation [5]. miRNAs are synthesized from longer 

primary miRNA transcripts, processed in the nucleus by ribonucleases and exported to 

the cytoplasm as pre-miRNAs. pre-miRNA is further processed to yield a 22-nucleotide 

miRNA duplex. Within this duplex, the strand with lower stability in the 5’ end (guide 

end) is unwound and loaded into an RNP inhibitory complex called the RNA–induced 

silencing complex (RISC) [6]. 
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 miRNAs have been shown to play roles in development, differentiation and disease [7, 

8]. To date, aberrant expression of RBPs and miRNAs has been observed in many types 

of human cancers [8, 9]. This paper focuses on two RBPs that are upregulated or 

relocalized in breast cancer and a miRNA that is downregulated in breast cancer as 

described below.  

 

Human Antigen R 

Human Antigen R (HuR) is an RBP that stabilizes mRNAs of genes that regulate cell 

proliferation, angiogenesis, apoptosis, rapid inflammatory response and the stress 

response [10, 11]. HuR is expressed ubiquitously and is a member of the ELAV 

(Embryonic Lethal Abnormal Vision) family of RBPs. In response to stress, HuR shuttles 

from the nucleus to the cytoplasm to stabilize and promote translation of its target 

mRNAs [11-13].  HuR upregulation and cytoplasmic localization has been associated 

with breast, gastric, lung, uterine cervical, bladder, and prostate carcinomas [11]. Despite 

studies associating HuR expression with tumorigenesis, a recent study showed an inverse 

relationship in a mouse xenograft model [15]. This same study also showed that HuR 

overexpression in MDA-MB 231 breast cancer cells increased cellular growth in vitro 

[14]. These reports suggest that the role of HuR may differ, depending on its expression 

in certain tissues or cell lines.  Although primarily a nuclear protein, HuR stabilizes 

mRNAs in the cytoplasm, and elevated cytoplasmic HuR is associated with high 

histologic grade and poor survival of patients with breast, ovarian, colon and gastric 

adenocarcinomas [15-19]. Cytoplasmic HuR has also been implicated in tamoxifen 

resistance in breast cancer cells [20]. Despite its link to aggressive cancer and regulation 
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of cancer cell traits, little is known about the mechanisms that upregulate HuR in cancer. 

Cold Inducible RBP 

Cold-inducible RBP (CIRP), also known as heterogenous nuclear ribonucleoprotein A18 

(A18 hnRNP), is also overexpressed in breast tumors and breast cancer cell lines [21, 22], 

as well as in other cancers [23]. CIRP binds the 5’ or 3’ untranslated region (UTR) of its 

target mRNAs to affect the rate of translational initiation and/or mRNA stability [23, 24]. 

CIRP is expressed in a wide variety of tissues and similarly to HuR, regulates 

proliferation, invasion, and migration, as well as inhibits apoptosis [25-27]. When 

induced by cellular stresses such as cold shock, UV irradiation and hypoxia, CIRP is 

upregulated and/or is shuttled from the nucleus into the cytoplasm to stabilize target 

mRNAs [22, 23, 27-32]. Our laboratory showed HuR to be a CIRP target. 

Overexpression of CIRP in breast cancer cells increased HuR levels, while knockdown of 

CIRP decreased HuR level [22]. Despite CIRP upregulation in breast tumors and cell 

lines, and its role in HuR regulation, CIRP’s range of functions and other targets in 

normal mammary epithelia as well as in breast cancer are yet to be identified. 

 

miR-125a 

In contrast to overexpression of HuR and CIRP in breast cancer, miR-125a is reduced or 

mutated in cancers [33-36]. miR-125a has been shown to negatively regulate 

proliferation, invasion, and migration, and to promote apoptosis, and thus has been 

suggested as a tumor suppressor [8, 33-36].  Validated targets of miR-125a include 

ERBB2/ERBB3, HuR and p53 in human breast cancer cell lines; and MMP11, VEGF, 
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and Hepatitis B virus surface antigen in human liver cancers [33, 35, 37-40]. Our lab 

showed that miR-125a downregulated HuR in several different breast cancer cell lines, 

which also decreased proliferation [22, 33].  

 

Rationale for the study 

In this study, we set out to examine the nuclear to cytoplasmic ratios of CIRP, HuR and 

miR125a in primary human breast tumors and matched normal breast tissue. This work is 

based on our previous studies showing upregulation of HuR by CIRP and 

downregulation of HuR by miR-125a [22, 33], as well as other studies showing 

individual disruption of these post-transcriptional regulators in breast cancer, This study 

is the first step towards determining whether this post-transcriptional regulatory network 

as depicted in Figure 1, is disrupted in clinical samples of breast tumors and therefore 

potentially contributes to tumorigenesis. We hypothesize that the nuclear to cytoplasmic 

ratios of CIRP and HuR will be decreased in the tumors compared to their matched 

normal tissues, due to increased cytoplasmic protein, and that miR-125a will be 

decreased in the cytoplasm. We further hypothesize that these altered ratios will correlate 

positively with proliferation as well as with each other.  
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Figure 1: Schematic diagram showing the post-transcriptional regulatory network 

identified in breast cancer cell lines. The large circle represents a cell; the small gray 

circle represents the nucleus. CIRP and HuR have been shown to shuttle from the 

nucleus into the cytoplasm under cellular stress. CIRP upregulation in breast cancer 

cells increases HuR levels via an unknown mechanism and promotes cell proliferation, 

either directly or via increasing HuR [22]. Conversely, miR-125a negatively regulates 

HuR and suppresses cell proliferation [33]. miR-125a has also been shown to 

downregulate HER2 in breast cancer cell lines [38]. 
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CHAPTER TWO 
MATERIALS AND METHODS 

Tissue Samples 

The human breast tissue microarrays (TMAs) used for this study were constructed by the 

University of New Mexico Human Tissue Repository core facility (UNM HTR). 

Approval to pursue this study was granted by the University of New Mexico Human 

Research Review Committee (HRRC#10-058).  The samples consisted of 75 primary 

breast tumors and matched, histologically normal adjacent breast tissue from patients 

who underwent treatment for breast cancer at the University of New Mexico Hospital and 

the University of New Mexico Cancer Research and Treatment Center. Two of the 75 

patients received neoadjuvant treatment. Two pathologists examined and categorized the 

tumors according to their histological type as 70 invasive adenocarcinomas and 5 ductal 

carcinomas in-situ.  Tumors were classified depending on the presence (+) or absence (-) 

of the estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth 

factor receptor 2 (HER2). Subtypes included 25 of each ER+PR+HER2-, ER-HER2+ and 

ER-PR-HER2- tumors and matched, histologically normal adjacent tissue. The 

pathologists also selected areas of each block to be cored. These cores were taken from 

archival formalin-fixed, paraffin-embedded blocks. Each TMA contained duplicate two 

mm diameter cores, two from the tumor and two from the matched normal tissue, for a 

total of four cores per patient. The total number of samples analyzed (n) was sometimes 

less than 25 as a result of sample loss during the staining process. 
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Immunofluorescence Analysis 

Double immunofluorescence labeling (CIRP/HuR, CIRP/Ki67 and HuR/Ki67) was 

performed on sections from the TMAs. Commercially available primary antibodies were 

as follows: mouse monoclonal anti-HuR, clone 3A2 (10µg/ml, sc-5261, Santa Cruz 

Biotechnology, Santa Cruz, CA); rabbit monoclonal anti-Ki67, clone SP6 (10µg/ml, RM-

9106-S0, Thermo Fisher Scientific, Fremont, CA); and mouse monoclonal anti-CIRBP 

(10µg/ml, 60025-1, Proteintech Group, Chicago, IL). Rabbit polyclonal actin antibody 

(H-300) (10µg/ml, sc-10731, Santa Cruz Biotechnology) was used as positive control. 

Negative controls included isotype-matched immunoglobulin as the primary antibody and 

omission of the primary antibody. 

 

Five-micrometer-thick sections on slides were de-paraffinized in Hemo-De (product HD-

150, batch 01313, Scientific Safety Solvents, Keller, TX) and immersed in 100% ethanol 

twice for 10 minutes each to remove the Hemo-De solution. To rehydrate, slides were 

passed sequentially tough a series 90% and 70% ethanol, and water (2 x 2 minutes). 

Antigen retrieval was performed in the microwave for 10 minutes using TET solution 

(10mM Tris pH 9.0, 1mM EDTA and 0.05% Tween-20) initially at full power, then 

lowered to prevent the solution from boiling. All slides were then washed in phosphate 

buffered saline (1X PBS) and blocked using 1X PBS, 3% normal goat serum (NGS) and 

0.1% Triton X-100. Sections were incubated overnight with the primary antibody at 4°C 

in 1X PBS, 3% NGS, 0.1% Tween-20 and washed the next morning in PBS and 0.1% 

Tween-20 (PBST). Next, sections were incubated with the appropriate secondary 

antibody: goat anti-mouse-Alexa Fluor 488 (10μg/ml, catalog number A-11001, 



	  
	  

8	  

Invitrogen/Life Technologies); goat anti-mouse Alexa Fluor 594 (10μg/ml, A-21044, 

Invitrogen/ Life Technologies), or goat anti-rabbit-Alexa Fluor 488 (10μg/ml, A-11034, 

Invitrogen/Life Technologies) for 1 hour in the dark then washed 2 x 10 minutes in 

PBST. Finally, sections were washed in a solution of 1X PBS containing the nuclear 

counterstain 4', 6-Diamidino-2-Phenylindole, Dihydrochloride (DAPI, 15ng/ml, catalog 

number D1306, Invitrogen/Life Technologies). Sections were mounted using ProLong 

Gold antifade reagent (P36930, Invitrogen/Life Technologies), cured for 3 hours at room 

temperature, sealed with nail polish and stored at 4°C. 

 

Fluorescence In-Situ Hybridization 

The microRNA fluorescence in situ hybridization (FISH) method was adapted from 

Planell-Saguer  et al. 2010 [41]. A digoxigenin-labeled antisense LNA-

oligodeoxynucleotide probe (40nM, product number 38521-15, miRCURY LNA, 

EXIQON Woburn, MA) for human miR-125a-5p with the sequence  

/5DigN/-TCACAGGTTAAAGGGTCTCAGGGA/3Dig_N/ was used for detection. An 

LNA-oligodeoxynucleotide scrambled probe with the sequence  

/5DigN/GTGTAACACGTCTATACGCCCA/3Dig_N/ double-DIG labeled was used as 

the negative control (40nM, product number 99004-15), while an anti-sense U6 snRNA 

LNA-oligodeoxynucleotide 5’ DIG-labeled probe  

/5DigN/CACGAATTTGCGTGTCATCCTT/3Dig_N/ (1nM, product number 99002-15) 

was used as a positive control. Probe was omitted for an additional negative control. 
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Five-micrometer thick TMA sections mounted on positively charged slides were baked at 

65°C for 2 hours and stored at 4°C for later use. Sections were de-paraffinized in Hemo-

De, washed twice in 100% ethanol and rehydrated by passing the slides sequentially 

through 95% ethanol for 10 minutes, 70%, 50% and 30% ethanol for 5 minutes each and 

twice in water. Antigen retrieval was performed as described above. Sections were pre-

hybridized in 3% NGS, 4X SSC and 10% dextran sulphate at 55°C for 20 minutes and 

hybridized in the same solution plus one of the above probes for 1hour. Washes were 

performed in the dark at 60ᶱC with agitation as follows: 3 x 5 minutes with 4X SSC, 

0.1% Tween-20; 1 x 5 minutes with 2X SSC; 1 x 5 minutes with 1X SSC. The final wash 

was at room temperature in PBS for 5 minutes. To block endogenous peroxidase activity, 

sections were treated for 20 minutes in 3% H202 in PBS. Sections were then incubated in 

anti-DIG monoclonal rabbit antibody (10µg/ml, clone 9H27L19, 700772, Invitrogen/Life 

Technologies) solution (1X PBS, 3% NGS, 0.1% Tween-20) for 30 minutes at room 

temperature followed by a wash with TN buffer (0.1M Tris-HCl pH 7.5, 0.15M NaCl) in 

the dark with shaking for 5 minutes. Sections were then incubated for 30 minutes at room 

temperature in blocking solution (3% NGS, 0.1% Triton X-100 in PBS) followed by 

HRP-conjugated goat anti-rabbit IgG (25µg/ml, TSA kit #12, T20922, Invitrogen/Life 

Technologies) for 30 minutes at room temperature, and washed in TNT buffer (0.1M 

Tris-HCl pH 7.5, 0.15M NaCl, 0.2% Triton X-100) 3 times for 5 minutes each in the dark 

with shaking. Sections were then incubated at room temperature in Tyramide signal 

amplification solution for 10 minutes in darkness (TSA kit component as per 

manufacturer’s instructions), washed 3 times in TNT buffer for 5 minutes followed by a 
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final 5 minutes wash in PBS containing DAPI (15ng/ml) and mounted with coverslips 

using ProLong Gold antifade reagent, treated and stored as described above. 

Image analysis 

Slides were viewed on a Zeiss Axioskop2 microscope equipped for epifluorescence using 

Chroma filter set 31000v2- AT350/50x (blue), 400dclp (green) and D460/50m (red) and 

photographed with a Coolsnap ES digital camera. Photographs of three random fields of 

each TMA core that contained epithelial ducts/tumor tissue were taken with a 40X 

objective. Exposure times for each antibody/probe (CIRP, HuR, miR-125a, actin and 

control antibodies) were optimized and all the images of that antibody were taken at the 

same exposure.   

 

HuR, CIRP and miR-125a localization was evaluated using ImageJ (version 1.47d) 

imaging software from the NIH (http://imagej.nih.gov/ij/docs/guide/user-guide.pdf). 

Three 40X fields were used for analysis of each. DAPI nuclear staining was used to select 

images with epithelial ducts (normal samples) or tumor tissue (tumors) to avoid bias due 

to the antibody signal. For each field, DAPI images were manually thresholded and 

converted to a DAPI staining mask. The DAPI staining mask was inverted and then 

subtracted from the antibody stained image using the Image Calculator function in 

ImageJ to define the nuclear staining. A region of interest (ROI) containing epithelial 

ducts or tumor tissue was then selected from the CIRP or HuR stained image and also 

applied to the masked image. Quantitative fluorescent data representing total mean 

staining intensity (ROI of original image) and nuclear mean staining intensity (ROI of 
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subtracted image) were exported from ImageJ to Microsoft Excel.  Cytoplasmic mean 

staining intensity was calculated by subtracting nuclear form total mean intensity.  

 

In instances where image subtraction resulted in residual cytoplasmic staining, ROIs were 

selected for the nucleus and cytoplasm of between 10-20 individual cells. This method 

was also used to quantitate nuclear and cytoplasmic miR-125a. For this method, the 

stained image, DAPI image and a grid were overlain and colorized.

 

Circular ROIs were created to select the nucleus and the adjacent cytoplasm of individual 

cells.  Cells that intersected corners of the grid were chosen to minimize selection bias. 

Quantitative fluorescent data representing nuclear and cytoplasmic mean staining 

intensities were exported from ImageJ to Microsoft Excel. For both methods, the nuclear 

to cytoplasmic ratio (N:C) was calculated for each field of each TMA core by dividing 

the nuclear mean staining intensity by the cytoplasmic mean staining intensity. Six fields 

were used in calculating ratios for each tumor or normal tissue, except in the case of 

missing cores or cores without epithelial or tumor tissues  

 

Lastly, to determine the percentage of proliferating cells, Ki67 positive cells were 

counted, divided by the total number of DAPI stained nuclei and multiplied by 100. 

. 
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Statistics 

Data were graphed and statistically analyzed using GraphPad Prism (version 4.0a, 

GraphPad Software). ER+PR+HER2-, ER-HER2+ and ER-PR-HER2- tumor subtypes and 

matched normal tissues were compared for nuclear to cytoplasmic ratio of HuR, CIRP, 

and miR-125a using a paired t test. Differences were considered statistically significant 

for p values ≤0.05. One-way analysis of variance (ANOVA) was used to compare CIRP, 

HuR or miR-125a levels between the 3 tumor subtypes followed by Tukey’s multiple 

comparison analysis to determine specific differences in between tumors. Pearson’s 

correlation coefficient r was used to determine relationships between Ki67/HuR, 

Ki67/CIRP, Ki67/miR-125a, HuR/CIRP, HuR/miR-125a and CIRP/miR-125a.  
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CHAPTER THREE 

RESULTS 
	  
A previous study assessed CIRP expression in human breast, prostate and colon tumors 

[22]. CIRP was reported as present in 11 of 33 breast tumors (8/26 infiltrating carcinomas 

and 3/7 in situ carcinomas) and was mostly cytoplasmic. This study did not assess CIRP 

level in normal breast tissue, although it compared CIRP expression in prostate and colon 

tumors and matched normal tissues. In contrast, another study reported that CIRP was 

decreased in 12 endometrial hyperplasias and 39 carcinomas as compared to 27 normal 

endometria, where it was mostly nuclear and inversely correlated to proliferation [32]. 

We showed that CIRP was increased in 6 human breast cancer cell lines, as compared to 

nontumorigenic and nontransformed human mammary epithelial cells [22]. In the current 

study, we assessed the nuclear to cytoplasmic ratio of CIRP, HuR, or miR-125a  using 

immunofluorescence analysis or FISH in breast tumors and normal matched tissue, as 

well as compared its nuclear to cytoplasmic ratio in different breast tumor subtypes that 

represent the least to the most aggressive tumors.  

 

We chose to use immunofluorescence analysis/FISH as fluorescence can be quantitated 

to compare relative protein or RNA level. We chose to quantitate nuclear to cytoplasmic 

ratios as opposed to total levels due to the inherent difficulties of studying formalin-fixed, 

paraffin-embedded archival tissue. These difficulties include little control over how 

tissues were handled prior to fixation, fibrous or fibrotic tissues, and selection of cores by 

an independent pathologist. Although tissue microarrays are an excellent way to compare 

many different samples, the core is not always representative of the entire sample and 
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even duplicate cores can be quite variable. Selecting individual areas or cells to compare 

the relative level of the protein or miRNA in the nucleus and cytoplasm allowed for 

exclusion of areas of high background fluorescence due to fibrous tissue, capillaries or 

other irregularities in the microscopic fields within each core. 

 

CIRP nuclear to cytoplasmic ratio is increased in ER+PR+HER2- tumors compared 

to normal matched tissue 

Figure 2 shows representative micrographs of immunofluorescence staining of CIRP in 

breast tumors and adjacent normal tissues. CIRP was present in both the nucleus and 

cytoplasm of breast tumor cells and epithelial cells of adjacent normal tissues. CIRP 

levels and relative localization varied in both tumor and normal tissue, with some tumor 

and epithelial cells devoid of staining. Qualitatively, CIRP level appeared to be higher in 

tumors compared to normal breast tissues. Normal tissues adjacent to ER+PR+HER2- 

tumors appeared to have less CIRP staining in the epithelial cells compared to normal 

adjacent tissues to ER-HER2+ (Figure 2). In addition, tumors of all three subtypes 

appeared to have more cytoplasmic CIRP as compared to the normal tissues and nuclear 

CIRP also appeared more intense. 

 

The ratio of CIRP in the nucleus vs. the cytoplasm (nuclear to cytoplasmic CIRP ratio, 

N:C) was significantly increased in ER+PR+HER2- tumors compared to matched normal 

tissues (Table 1 and Figure 3).	  Even though nuclear CIRP appeared more intense in 

tumors compared to normal matched tissues (Figure 2), there was no significant 

difference observed in the N:C CIRP ratio in ER-HER2+ and ER-PR-HER2- tumors 
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compared to matched normal tissues (Table 1). One-way analysis of variance (ANOVA) 

showed no significant difference in N:C CIRP ratio between the tumor subtypes.  

CIRP ratios varied between fields within cores of the same patient (not shown), as well as 

between individual cells within the same field. Figure 4 shows an example of the CIRP 

nuclear to cytoplasmic ratio of 12 different cells within the same field of an ER-HER2+ 

tumor or normal tissue core. This example shows that this ratio is fairly constant in the 

normal tissue but varies greatly in the individual tumor cells.  
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Figure 2: Representative images of CIRP immunofluorescence analysis in 

ER+PR+HER2-, ER+HER2-, and ER-PR-HER2- breast tumors and matched normal 

tissue. Merge shows a colorized image of both CIRP and DAPI. Slides were viewed 

using a Zeiss Axioskop2 upright microscope and images were taken at 40X using a 

Coolsnap ES digital camera.   
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Figure 3:  Bar graph of nuclear to cytoplasmic (N:C) CIRP ratio in ER+PR+HER2- 

tumors and normal matched tissues. *** p=0.0003 was determined using a paired t test. 
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Figure 4. Graph of the nuclear to cytoplasmic ratio of CIRP in 12 separate cells from 

either a ER-HER2+ tumor or matched normal tissue. The x-axis represents 12 cells from 

either the tumor or normal tissue whose nuclear and cytoplasmic HuR was assessed. p= 

0.003 (unpaired t test). 
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Table 1.  Nuclear to cytoplasmic CIRP ratio in breast tumors and matched normal 

tissue 

Tumor Subtype nuclear to       
cytoplasmic rat io  Paired t-test n 

ER+PR+HER2- 2.29 0.0003*** 19 
Normal Adjacent 1.36   19 

ER-HER2+ 2.16 0.12 21 
Normal Adjacent 1.96   21 
ER-PR-HER2- 2.18 0.3 23 

Normal Adjacent 1.91   23 
 * p ≤ 0.05 is considered significant, n is less than 25 as some paired samples were lost 
during tissue processing. 
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Nuclear to cytoplasmic HuR ratio is similar in tumors and matched normal tissues. 

Several studies have reported increased cytoplasmic HuR in a subset of breast cancers 

using immunohistochemistry [16, 42-45]. Only one of these studies assessed cytoplasmic 

and nuclear HuR levels in both tumors and normal breast tissue [45]. This study reported 

that, of the 82 breast tumors studied, 63 (76.8%) showed nuclear, 38 (46.3%) cytoplasmic 

and 28 (34.1%) showed both nuclear and cytoplasmic HuR expression. It also reported 

that, 18 of the 20 normal matched tissues they assessed showed strong nuclear staining, 

as did 14 of 16 fibro-adenomas. In addition, only 1 of the 20 normal matched tissues had 

cytoplasmic staining. This study assessed nuclear and cytoplasmic HuR expression by 

assigning scores dependent on the qualitative intensity of the staining. They did not 

determine the nuclear to cytoplasmic ratio of HuR in either tumor or normal tissue. In 

order to perform a more comprehensive analysis of HuR nuclear and cytoplasmic 

localization in both tumors and normal tissue, as well as to compare these values with 

those of CIRP, we next used immunofluorescence staining to assess the nuclear to 

cytoplasmic ratio of HuR in our breast tumor and matched normal breast tissue 

microarrays.  

 

Immunofluorescence analysis showed that HuR, similar to CIRP was present in both the 

nucleus and cytoplasm of tumor cells and normal epithelial cells of adjacent normal 

tissues (Figure 5). The staining intensity varied with every patient and tumor subtype. 

ER+PR+HER2- tumors and matched normal tissues showed qualitatively less HuR 

staining compared to other subtypes, and this staining was primarily nuclear (Figure 4). 

In the normal tissue adjacent to ER-HER2+ tumors, the HuR levels of epithelial cells 
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within the same or adjacent duct varied. ER-PR-HER2- tumors appeared to have increased 

cytoplasmic staining compared to adjacent normal tissue and the other tumor subtypes. 

 

Quantification of the nuclear to cytoplasmic HuR ratio showed no significant differences 

between the tumors and their normal matched tissues (Table 2). This observation may be 

due the averaging of the nuclear to cytoplasmic ratio of all patients within a tumor 

subtype. These ratios varied between fields within cores of the same patient (not shown), 

as well as between individual cells within the same field. Figure 6 shows an example of 

the HuR nuclear to cytoplasmic ratio of 10 different cells within the same field of an ER-

HER2+ tumor or normal tissue core, This example shows that this ratio is fairly constant 

in the normal tissue but varies greatly in the individual tumor cells. 

 

One-way ANOVA showed significant differences in the nuclear to cytoplasmic HuR 

ratio between the tumor subtypes (p=0.03) (Figure 6). This difference was confirmed 

using Tukey’s multiple comparison test, which showed that the ER-PR-HER2- tumors had 

a higher nuclear to cytoplasmic ratio compared to ER+PR+HER2- tumors.  
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Figure 5: Representative images of HuR immunofluorescence analysis in 

ER+PR+HER2-, ER+HER2-, and ER-PR-HER2- breast tumors and matched normal tissue. 

Merge shows a colorized image of both HuR and DAPI. Slides were viewed using a 

Zeiss Axioskop2 upright microscope and images were taken at 40X using a Coolsnap 

ES digital camera.   
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Figure 6: Bar graph of nuclear to cytoplasmic (N:C) HuR ratio in ER+PR+HER2-, ER-

HER2+, ER-PR-HER2- tumors. *p= 0.03 was determined with a one way ANOVA test. 
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Table 2. Nuclear to cytoplasmic HuR ratio in breast tumors vs. matched normal tissue
 

Tumor Subtype nuclear to 
cytoplasmic rat io Paired t-test n 

ER+PR+HER2- 1.34 0.49 21 
Normal Adjacent 1.44   21 
ER-HER2+ 1.44 0.41 20 
Normal Adjacent 1.47   20 
ER-PR-HER2- 1.65 0.08 22 
Normal Adjacent 1.48   22 

 

Table 3.  Multiple comparison test for HuR 	  

Tumor Subtypes p-value 

  ER+PR+HER2- vs. ER-HER2+ NS 
  ER+PR+HER2- vs. ER-PR-HER2- < 0.05* 
  ER-HER2+ vs. ER-PR-HER2- NS 

* significant; NS  means not significant 
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Figure 7. Graph of the nuclear to cytoplasmic ratio of HuR in 20 separate cells from 
either a ER-HER2+ tumor or matched normal tissue. The x-axis represents 20 cells from 
either the tumor or normal tissue whose nuclear and cytoplasmic HuR was assessed. p= 
0.048 (unpaired t test). 
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Nuclear to cytoplasmic miR-125a ratio is constant 

Lastly, we assessed miR-125a nuclear to cytoplasmic ratio using fluorescence in situ 

hybridization (FISH), in order to directly compare it to those of HuR and CIRP.  miR-

125a has been reported as reduced in both breast cancer cell lines and human breast 

tumors [8, 33, 36].  miR-125a has been shown to downregulate ERBB2 and ERBB3 in the 

SKBR3 breast cancer cell line to inhibit proliferation [37]. Our lab showed that miR-125a 

downregulated HuR in several different breast cancer cell lines, which also decreased 

proliferation [22, 33]. microRNAs have been shown to be localized in both the cytoplasm 

and the nucleus, where they perform different functions [48]. Given the cytoplasmic 

function of miR-125a in repressing translation of HuR, we predicted that the nuclear to 

cytoplasmic ratio of miR-125a would be increased due to decreased cytoplasmic miR-

125a. This ratio may be lower in HER2+ (ERBB2) expressing tumors in comparison to 

HER2 negative tumors since miR-125a also downregulates HER2. 

 

FISH analysis showed miR-125a presence in both breast tumors and adjacent normal 

tissues (Figure 8). ER-HER2+ tumors and matched normal tissues showed reduced 

expression as compared to the ER+PR+HER2- and ER-PR-HER2- tumors. ER-PR-HER2- 

tumors showed more miR-125a expression compared to matched normal tissues. In 

general, the expression of miR-125a varied across patients as well as tumor subtypes. 
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Figure 8: Representative images of miR-125a by FISH in ER+PR+HER2-, ER+HER2-, 

and ER-PR-HER2- breast tumors and matched normal tissue. Slides were viewed using 

a Zeiss Axioskop2 upright microscope and images were taken at 40X using a Coolsnap 

ES digital camera. 
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Despite these qualitative differences in expression, there were no significant differences 

in the nuclear to cytoplasmic ratio of miR-125a between the ER+PR+HER2-, ER-HER2+, 

ER-PR-HER2- tumors and matched normal tissue (Table 4), indicating that the 

localization of miR-125a is not different between tumors and normal tissue. In contrast, 

one-way ANOVA showed significant differences for miR-125a (p=0.04) across the 3 

tumor subtypes (Figure 9). These differences were confirmed by multiple comparison 

tests (Table 5), which showed that ER+PR+HER2- tumors have a significantly higher 

nuclear to cytoplasmic ratio of miR-125a compared to ER-HER2+ tumors.  
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Figure 9: Bar graph of nuclear to cytoplasmic miR-125a ratio of breast tumors. *p= 

0.04 was determined using a one way ANOVA test. 

E
R
+ P

R
+ H

E
R
2 -‐

E
R
-‐ H

E
R
2 +

E
R
-‐ P

R
-‐ H

E
R
2 -‐

0 .0

0 .5

1 .0

1 .5

2 .0

 N
:C

 m
iR

-1
25

a
R

at
io

*



	  
	  

30	  

  
Table 4.  Nuclear to cytoplasmic ratio of miR-125a in breast tumors vs. matched 

normal tissue. 

Tumor Subtype nuclear to 
cytoplasmic rat io Paired t-test n 

ER+PR+HER2- 1.27 0.73 22 
Normal Adjacent 1.23 	  	   22 
ER-HER2+ 1.11 0.07 20 
Normal Adjacent 1.04 	  	   20 
ER-PR-HER2- 1.22 0.80 21 
Normal Adjacent 1.25   21 

 

 

Table 5.  Multiple comparison test for miR-125a 	  

Tumor Subtypes p-value 

  ER+PR+HER2- vs. ER-HER2+ < 0.05* 
  ER+PR+HER2- vs. ER-PR-HER2- NS 
  ER-HER2+ vs. ER-PR-HER2- NS 

* significant;  NS  means not significant 
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HuR weakly correlates with proliferation in ER-PR-HER2- tumors 
	  
Both CIRP and HuR have been shown to stimulate proliferation in vitro, miR-125a to 

inhibit proliferation, and HuR to correlate positively with proliferation in tumors [22, 33].  

To determine the relationship between CIRP, HuR and miR-125a as well as between each 

of these markers and proliferation (i.e., Ki67), we performed correlation analyses.  Table 

6 shows the results of correlation analysis in tumors, using nuclear to cytoplasmic ratio. 

HuR nuclear to cytoplasmic ratio correlated weakly with proliferation only in the ER-PR-

HER2- tumors (r=0.475). 

 

There was no correlation between the nuclear to cytoplasmic ratio of CIRP and Ki67, or 

of miR-125a and Ki67 in any of the tumors. CIRP nuclear to cytoplasmic ratio correlated 

weakly with that of HuR in the ER+PR+HER2- tumors (r=0.400). There was no correlation 

between the nuclear to cytoplasmic ratios of CIRP and miR-125a in any tumor subtype. 

HuR and miR-125a nuclear to cytoplasmic ratios showed a weak positive correlation in 

ER+PR+HER2- tumors (r=0.480).  
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Table 6. Correlation analysis in tumors using nuclear to cytoplasmic ratios  

Tumor 
Subtype 

Ki67/CIRP               
r value 

Ki67/HuR      
r value 

Ki67/miR-
125a          

r value 

CIRP/HuR       
r value 

CIRP/miR-
125a                 

r value 

HuR-miR-
125a           

r value 
ER+PR+HER2-  0.265 -0.125 -0.237 0.400* 0.265 0.480* 
ER-HER2+  0.041 -0.082 -0.089 -0.212 -0.119 -0.004 
ER-PR-HER2- 0.323 0.475* -0.375 0.246 0.255 -0.124 

* weak relationship 
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CHAPTER FOUR 

DISCUSSION 

The independent expression of CIRP, HuR and miR125a has been studied in breast 

tumors and breast cancer cell lines. Overall, these studies showed that both HuR and 

CIRP protein levels, and cytoplasmic localization, are increased in a subset of breast 

tumors, while miR-125a expression is decreased. The expression or localization of these 

post-transcriptional regulators has not been assessed within the same breast tumors. In 

addition, studies have shown that cytoplasmic HuR correlates with high tumor grade [15, 

16] as well as ER-PR- [44] and ER+PR+HER2+ [45] status in human breast cancers. Our 

laboratory previously showed HuR protein and proliferation to be upregulated by CIRP 

[33] and downregulated by miR-125a in breast cancer cell lines [22]. Based on these 

collective reports, we hypothesized that cytoplasmic CIRP and cytoplasmic HuR would 

be increased, and miR-125a decreased in a subset of tumors and in comparison to 

matched normal tissues. We also hypothesized that increased cytoplasmic CIRP and HuR 

(a lower nuclear to cytoplasmic ratio) would correlate positively with proliferation while 

increased cytoplasmic miR-125a would correlate negatively with proliferation.  

 

In this study, we show that CIRP is localized both in the nucleus and cytoplasm of 

normal breast epithelial cells and human breast tumor cells where its presence and level 

varies.  Our results do not support our hypothesis, as CIRP nuclear to cytoplasmic ratio is 

increased in ER+PR+HER2- breast tumors compared to normal adjacent tissues. This 

increase could be due to an increase of nuclear CIRP with no change in cytoplasmic, a 

decrease in cytoplasmic with no change in nuclear CIRP, or an increase in nuclear and 
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decrease in cytoplasmic CIRP.  CIRP is known to shuttle from the nucleus into the 

cytoplasm in response to stress, such as hypoxia and DNA damage [23]. In the cytoplasm 

it binds and stabilizes target mRNAs and/or increases their translation. Tumor cells often 

survive in a hypoxic environment with underlying DNA damage, thus our prediction of 

increased cytoplasmic CIRP in tumors compared to normal tissues. One possibility is that 

the nuclear to cytoplasmic CIRP is higher because of a nuclear CIRP function, as CIRP 

has been shown to bind DNA as well as RNA [23].  

 

Our findings show that although CIRP level and localization varies, it is predominantly 

nuclear in both tumors and normal matched tissue. Qualitatively, tumors appear to have 

increased cytoplasmic CIRP compared to matched normal tissue. Although the nuclear to 

cytoplasmic ratios of ER-HER2+ and ER-PR-HER2- tumors were not significantly 

different than normal adjacent tissues, an increase in both cytoplasmic and nuclear CIRP 

could explain this result. In support of this, nuclear CIRP also appears higher in tumors. 

A careful analysis within each patient comparing the nuclear to cytoplasmic ratio of cells 

between all fields assessed could help determine if CIRP nuclear to cytoplasmic ratio is 

significantly different between normal tissue and tumor of a specific patient. Regardless, 

this is the first study to assess nuclear to cytoplasmic CIRP ratio in normal breast tissue. 	  

 

The nuclear to cytoplasmic ratios of HuR indicate that it is predominantly nuclear in both 

tumors and normal matched tissues. Our results also show that tumor and some normal 

tissues had cytoplasmic staining. Several studies have shown increased cytoplasmic HuR 

in aggressive breast cancers, but only one assessed nuclear and cytoplasmic HuR in both 
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tumors and normal breast tissue [45]. In that study, 63 of 82 breast tumors (76.8%) 

showed nuclear HuR, 38 (46.3%) cytoplasmic and 28 (34.1%) showed both nuclear and 

cytoplasmic HuR [45]. Of 20 normal matched tissues, 18 (90%) showed strong nuclear 

staining, and only 1(5%) had cytoplasmic staining. [45]. Our results differ because we are 

studying nuclear to cytoplasmic ratios and not just the presence or absence of HuR in the 

cytoplasm [45].  

 

Our results also showed that there was no significant difference in the nuclear to 

cytoplasmic HuR ratio between tumors and normal matched tissue. This was surprising, 

as qualitatively, the ER-PR-HER2- tumors had increased HuR in the cytoplasm while the 

ER-HER+ tumors had the highest nuclear staining.  

It is possible that tissue adjacent to tumor, although histologically normal, may not be 

normal by other criteria. It is becoming clear that histologically normal breast tissue may 

be genetically abnormal [1] and that these perturbations may play significant roles in the 

early stages of breast cancer. A recent study reported upregulation of inducers of an 

epithelial to mesenchymal transition in tumor-adjacent, histologically normal breast 

tissues located 1 centimeter from the margins of breast adenocarcinomas, as compared to 

5 centimeter away [46]. Our normal adjacent tissues were collected at least 1cm from the 

breast tumor margin. Thus, the observed similarities in the nuclear to cytoplasmic ratio of 

HuR between tumors and matched normal tissues could be because these normal tissues 

are not genetically normal. 

 

Several studies have reported that miR-125a is deregulated in breast tumors and breast 
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cancer cell lines [8, 33, 35, 36, 47]. These studies assessed miR-125a expression using 

microarray analysis [36], qRT-PCR [33, 35, 36], or northern analysis [33, 35, 36]. One of 

these studies reported a decrease of miR-125a in breast tumors versus normal breast 

tissues [36]. Our laboratory previously reported miR125a was decreased and HuR 

increased in breast cancer cell lines [34]. In the current study, FISH analysis shows that 

miR-125a expression appears lower in ER-HER2+ and ER-PR-HER2- tumors compared to 

ER+PR+HER2- tumors.  The nuclear to cytoplasmic ratios in tumors as compared to 

normal matched tissues were not significantly different, suggesting that it is not regulated 

at the level of localization.  

 

 When we compared nuclear to cytoplasmic miR-125a ratio between the tumor subtypes, 

we found that ER-HER2+ tumors had a significantly decreased nuclear to cytoplasmic 

ratio of miR-125a compared to ER+PR+HER2- tumors. This result agrees with published 

reports of miR-125a downregulating HER2 in breast cancer cell lines.  

 

A recent study reported that mature miRNAs can shuttle to the nucleus from the 

cytoplasm where they directly target primary miRNA transcripts and small nuclear RNAs 

to regulate their biogenesis and function [48]. Another study reported miR-125a as more 

concentrated in the nucleolus compared to the nucleoplasm and cytoplasm [49].  We did 

not determine the subnuclear localization of miR-125a, but its presence in the nucleus in 

both normal and tumor tissue is supported by these previous studies.  
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We had hypothesized that CIRP and HuR would correlate positively with proliferation 

and with each other, while miR-125a would correlate negatively with proliferation. Our 

study shows that nuclear to cytoplasmic ratio of HuR and proliferation correlate 

positively in ER-PR-HER2- tumors while CIRP shows no correlation with proliferation in 

any of the tumors. These results indicate that CIRP nuclear to cytoplasmic ratio could not 

be used as a predictor of proliferation. ER-PR-HER2- tumors have the highest percentage 

of Ki67 positive cells (not shown) and the highest nuclear to cytoplasmic ratio of HuR, 

suggesting a causal relationship. This correlation is consistent with HuR’s known 

function in promoting proliferation.	  

 

We also show that the nuclear to cytoplasmic ratio of CIRP and HuR correlate positively 

in the ER+PR+HER2- tumors, agreeing with our initial hypothesis. Interestingly, HuR and 

miR-125a nuclear to cytoplasmic ratios correlated positively in ER+PR+HER2- tumors. In 

our previous study of miR-125a regulation of HuR in breast cancer cell lines, we noted 

that one breast cancer cell line had high levels of both HuR and miR-125a. miR-125a 

localization was not assessed but HuR was nuclear [33]. miR-125a has several validated 

and many potential targets other than HuR [40]. There is also a known polymorphism 

(rs12976445) within the pri-miR-125a sequence correlating with the amount of mature 

hsa-miR-125a in breast tumors. Those with the rs12976445 variant (T/T) have higher 

levels of hsa-miR-125a in comparison to those with variants (C/T and C/C), who also 

have increased HER2 expression in breast tumors [35]. Future studies could determine if 

these variants are differentially localized in different breast tumor subtypes. 
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In summary, the nuclear to cytoplasmic expression patterns of HuR, CIRP and miR-125a 

were examined along with proliferative index in tissue microarrays of three primary 

breast tumor subtypes- (ER+PR+HER2+, ER-HER2+ and ER-PR-HER2-)- and their 

matched normal breast tissues. Our results showed that nuclear to cytoplasmic CIRP ratio 

was increased in ER+PR+HER2- tumors compared to normal tissue. HuR and CIRP 

nuclear to cytoplasmic ratios were positively correlated in the same tumor subtype as 

were those of HuR and miR-125a. HuR nuclear to cytoplasmic ratio also positively 

correlated with proliferation in ER-PR-HER2- tumors. When tumors subtypes were 

compared, miR-125a was seen as decreased in ER-HER2+ tumors. Future studies will 

assess intra-tumor variability in order to further understand how disruption of this post-

transcriptional network can be used to potentially predict outcome or treatment of 

ER+PR+HER2- tumors, especially as the majority of these tumors in our study were 

already invasive. 

 

This was a pilot study that involved 25 paired samples of 3 different tumor subtypes and 

normal matched tissues. As a result, larger studies are warranted to further understand 

this post-transcriptional network. This study was done with limited clinical and 

pathological data: the tumor histopathology (invasive lobular, ductal or ductal carcinoma 

in situ) and receptor status. We will obtain information on age, race, menopausal status, 

tumor size, histological grade, tumor stage, survival and treatment, pending availability 

for future analyses. We will also assess the intra-tumor variability to understand if the 

post-transcriptional network can be used to predict outcome/treatment of patients with 

ER+PR+HER2- tumors or other tumor subtypes. 
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