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Abstract

There is an urgent need to identify relevant tumor markers showing high sensitivity and specificity

for early immunodiagnosis of breast cancer. Autoantibodies directed against tumor-associated

antigens (TAAs) have been shown to be relevant tumor markers. The purpose of this study was to

evaluate whether autoantibodies to a tumor-associated antigen p90/CIP2A can be used as

diagnostic markers in breast cancer. In this study, autoantibody responses to p90/CIP2A were
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evaluated by enzyme-linked immunosorbent assay (ELISA), western blotting, and indirect

immunofluorescence assay in sera from patients with breast cancer and normal human individuals.

The results have demonstrated that p90/CIP2A can induce a relatively higher frequency of

autoantibody response in breast cancer (19.1 %) compared to the sera of normal individuals (2.3

%). The frequency of p90/CIP2A expression in breast cancer tissues was significantly higher than

that in adjacent normal tissues (P <0.01). Our preliminary results suggest that autoantibodies

against p90/CIP2A may be a useful serum biomarker for early stage breast cancer screening and

diagnosis.
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Introduction

Breast cancer is the most prevalent form of cancer among women, accounting for about 28

% of all new cancer cases [1, 2], with rising incidence rates in recent years across western

countries [3]. Despite improvements in breast cancer therapy, more than one fourth of

patients diagnosed with breast cancer eventually die from the disease [4]. Thus, early

diagnosis and effective therapies for breast cancer are necessary.

Antigenic changes in cancer cells can be recognized by the immune system of patients

themselves and present as immune responses to factors involved in malignant

transformation. This is manifested in several ways, one of which is the appearance of

circulating autoantibodies. These autoantibodies have been called “reporters” from the

immune system, which can identify the antigenic changes in cellular factors involved in the

transformation process [5, 6]. In the past decade, we have used these circulating

autoantibodies in cancer patients as probes in isolating the cognate tissue antigens, many of

which have been shown to be cellular factors participating in known tumorigenesis

pathways. These cancer-related tissue antigens are generally known as tumor-associated

antigens (TAAs). There is a proposition that the cancer patient’s immune system conveying

in the form of autoantibodies to TAAs should be utilized to a greater extent in identifying

early signs of tumorigenesis. For example, autoantibodies to TAAs such as p53 and p16

were detected in 10–20 % of most types of cancer patients [7, 8], while autoantibodies to

p62 were 21 % positive in patients with liver cancer [9]. Due to the fact that these

autoantibodies do not exist or appear with a very low titer in the serum samples of healthy

people, therefore, the autoantibodies may become potential biomarkers in the diagnosis of

certain types of cancer.

Cancerous inhibitor of protein phosphatase 2A (CIP2A), originally named p90, has been

cloned by immunoscreening a cDNA expression library with autoantibodies from a patient

with hepatocellular carcinoma (HCC) [10]. p90/CIP2A is a recently characterized

endogenous inhibitor of the phosphatase activity of protein phosphatase 2A (PP2A), which

extends the half-life of oncogenic protein c-myc and promotes cell survival via regulating

AKT dephosphorylation [11]. Furthermore, p90/CIP2A has been demonstrated as a novel

Liu et al. Page 2

Tumour Biol. Author manuscript; available in PMC 2014 July 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



oncoprotein, and a growing number of reports have shown its overexpression in many

human malignancies, including breast cancer [12–18]. In the current study, we aimed to

evaluate whether serum anti-p90/CIP2A autoantibody can be used as a novel biomarker in

the detection of breast cancer.

Materials and methods

Patients and samples

In the current study, a total of 168 sera from patients with breast cancer and 88 sera from

normal individuals were derived from the sera bank in the Cancer Autoimmunity Research

Laboratory at the University of Texas, El Paso (UTEP). These sera were originally provided

by our clinical collaborators. All serum samples were collected under consented individuals

in the present study. Cancer sera were obtained at the time of breast cancer diagnosis by

mammography screening. Pathological diagnosis of breast cancer for all patients has been

confirmed with biopsy specimens. None of the breast cancer patients had received treatment

with any chemotherapy or radiotherapy. This study was approved by the Institutional

Review Board of UTEP and Collaborating Institutions.

Enzyme-linked immunosorbent assay (ELISA)

Serum IgG antibody against p90/CIP2A was assessed by ELISA as previously described

[19]. In brief, 96-well microtiter plates were coated overnight (at least for 24 h) at 4 °C with

2 μg/ml p90/CIP2A diluted in phosphate-buffered saline (PBS). Plates were blocked with

gelatin post-coating solution for 2 h at room temperature. The antigen-coated wells were

incubated with human sera diluted at 1:200 with serum diluent at room temperature for 2 h.

The goat antihuman IgG-HRP (Invitrogen, NY) and the substrate 2,2′-azino-bis-3-

ethylbenzo-thiazoline-6-sulfonic acid (ABTS, Invitrogen) were used as detecting reagents.

The average optical density (OD) value at a wavelength of 405 nm was applied for data

analysis. The cutoff value designating positive reaction was the mean OD of 90 normal

human sera (NHS) plus 3 standard deviations (SD).

Western blotting

Purified recombinant p90/CIP2A protein was electrophoresed on 10 % SDS-PAGE and

transferred onto a nitrocellulose membrane paper. After blocking with PBS containing 5 %

nonfat dry milk and 0.05 % Tween-20 (PBST) for 1 h at room temperature, the

nitrocellulose papers were incubated for 60 min at room temperature with a 1:200 dilution of

serum and 1:1,000 dilution of monoclonal anti-p90/CIP2A antibody. HRP-conjugated goat

antihuman IgG and HRP-conjugated goat antimouse IgG were applied as secondary

antibodies at a 1:1,000 dilution. Immunoreactive bands were detected using the ECL kit

(Thermo Scientific) according to the manufacturer’s instructions.

Indirect immunofluorescence (IIF) assay

Commercially available HEp-2 cell slides (MBL International Corporation, MA) were used

in IIF for identification of autoantibodies in cancer sera. Sera with 1:80 dilution and anti-

p90/CIP2A antibody with 1:50 dilution were incubated for 45 min at room temperature.

FITC-conjugated goat antihuman IgG and antirabbit IgG Fab2 were used as secondary
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antibodies at a 1:200 and 1:100 dilution, respectively. Confocal fluorescence images were

acquired with a laser scanning microscope (LSM 700; Zeiss, New York, NY), using a×20

objective and processed with ZEN 2009 software (Zeiss, CA).

Absorption of antibodies with recombinant protein

The diluted human sera (1:80) were incubated with recombinant protein (final concentration

of recombinant protein was 0.03 μg/μl) overnight at 4 °C and then centrifuged at 10,000×g

for 10 min. The supernatant was used for immunofluorescence assay.

Immunohistochemistry (IHC) with tissue array slides

Breast cancer tissue array slides with normal tissue controls (46 cases/92 cores, including

clinical stages and pathology grades) were purchased (US Biomax, Inc., Rockville, MD) and

used to detect the expression of the p90/CIP2A protein. The slides were deparaffinized with

xylene and dehydrated with ethanol of different strengths. Antigen retrieval was performed

by microwave-heating methods in Trilogy™ pretreatment solution for 20 min and cooled

down naturally for about 1 h. Three percent H2O2 and 10 % fetal bovine serum blocking

solution were used to prevent nonspecific binding of antibodies for 20 min separately. The

sections were incubated with monoclonal anti-p90/CIP2A antibody (1:500 dilution)

overnight at 4 °C. HRP Detection System (HRP streptavidin label and polyvalent

biotinylated link) and DAB Substrate Kit were used as detecting reagents. After

counterstaining with hematoxylin, the sections were dehydrated and mounted. Finally, the

slides were observed by a microscope (Leica, DM1000). All IHC results were read blindly

by two independent researchers. A four-level scoring system (−, negative; +, low expression

level; ++, moderate expression level; +++, high expression level) was used to evaluate the

staining intensity.

Statistical analysis

Statistical analysis was performed using SPSS 13.0. Data were analyzed with χ2 test and

represented as the mean±3 SD from ELISA. The results were considered to indicate a

statistically significant difference when P values were <0.05 or <0.01.

Results

Frequency and titer of anti-p90/CIP2A autoantibody in sera from patients with breast
cancer

Serum levels of anti-p90/CIP2A autoantibodies were determined by ELISA as described in

the section of “Materials and methods.” In total, 168 sera from patients with breast cancer

and 88 sera from normal human individuals were used in this study. As shown in Table 1,

the prevalence of autoantibody against p90/CIP2A was 19.1 % (32/168) in breast cancer,

which was significantly higher than that in NHS (2.3 %, 2/88) (P <0.01). Titer of anti-p90/

CIP2A antibodies in human sera is shown in Fig. 1. The average titer of autoantibody

against p90/CIP2A in breast cancer sera was higher than that in NHS (P <0.01). The ELISA

results were also confirmed by western blot analysis. Figure 2 shows that representative

breast cancer serum with positive reaction to p90/CIP2A in ELISA also has strong reactivity

in western blotting compared to normal serum.
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Immunofluorescence staining pattern of p90/CIP2A in HEp-2 cells

To further confirm the reactivity of autoantibody against p90/CIP2A in breast cancer sera

and the intracellular localization of p90/CIP2A, HEp-2 cell slides were used in indirect

immunofluorescence assay to detect breast cancer sera with anti-p90/CIP2A positive in

ELISA. As shown in Fig. 3, a representative anti-p90/CIP2A positive breast cancer serum

had both cytoplasmic and perinuclear staining pattern, while the monoclonal anti-p90/

CIP2A antibody with more intense staining in perinuclear regions. The fluorescent staining

was significantly reduced when the same breast cancer serum was pre-absorbed with

recombinant p90/CIP2A protein.

Expression of p90/CIP2A in breast cancer tissues and adjacent normal breast tissues by
immunohistochemistry

In the present study, the expression of p90/CIP2A in breast cancer tissues and adjacent

normal breast tissues was examined by immunohistochemistry with tissue array slides.

Tissue array slides including 46 breast cancer tissue specimens and 46 adjacent normal

breast tissue specimens were commercially available for this study. The monoclonal anti-

p90/CIP2A antibody was used for immunostaining the tissue specimens. As shown in Table

2, all the breast cancer tissues were positively stained (100 %), and 13 of the 46 adjacent

normal breast tissues were positively stained (28 %). The frequency of p90/CIP2A

expression in breast cancer tissues was significantly higher than that in adjacent normal

tissues (P <0.01). Figure 4 indicates positive reaction of breast cancer tissues with grades I,

II, and III, respectively, while the normal breast tissue has negative staining. Analysis on the

frequency of positive p90/CIP2A staining in breast cancer tissues with different clinical

stages has not revealed any significant correlation between p90/CIP2A expression and

cancer stages due to the limited number of tissue specimens in this study, especially the

small sample size of tissues with stage I and III cancer.

Discussion

Recent studies from several groups have highlighted that p90/CIP2A is upregulated in a

wide variety of malignant tumors [20–24]. p90/CIP2A overexpression has also been

reported to be associated with worse prognosis, and therefore, it can serve as a prognostic

marker in numerous human cancers [11, 14]. In addition, p90/CIP2A mediates the apoptotic

effect of bortezomib in breast cancer [13] and HCC [25]. p90/CIP2A promotes Ras-elicited

foci formation in mouse embryo fibroblasts and supports transformation of immortalized

human cells [11]. In studies with loss of function, p90/CIP2A depletion has been shown to

reduce the overall tumor xenograft size in nude mice [11, 26] and to further impair

clonogenicity and anchorage-independent growth of tumor cells [11, 14, 16, 20]. In breast

cancer, Come et al. showed that high p90/CIP2A expression associates with high

proliferation index, p53 mutation, and high Scarff–Bloom–Richardson grade [26]. In order

to evaluate whether p90/CIP2A can be used as a tumor-associated antigen in breast cancer,

the purified recombinant p90/CIP2A protein was used as the target antigen, and the immune

response to this protein in sera with breast cancer has been investigated.
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Due to the small size of the samples, whether the autoantibody response to p90/CIP2A in

breast cancer sera is correlated with the clinical significance remains to be established. In the

current study, the expression profiles of p90/CIP2A in breast cancer and adjacent normal

breast tissues were extensively evaluated by immunohistochemistry with breast cancer tissue

array slides. Our results showed that the frequency of p90/CIP2A expression in breast

cancer tissues was significantly higher than that in adjacent normal tissues (P <0.01).

However, 13 of the 46 adjacent normal breast tissues were also positively stained. In this

study, we used the commercial breast cancer tissue array slides and detected the expression

of p90/CIP2A in breast cancer tissues compared to breast cancer adjacent tissues as controls.

There could be some histopathological differences between breast cancer adjacent tissues

and normal breast tissues. This may be the reason why there is a relatively high expression

rate of p90/CIP2A in breast cancer adjacent tissues. Analysis on the frequency of positive

p90/CIP2A staining in breast cancer tissues with different clinical stages has not revealed

any significant correlation between p90/CIP2A expression and cancer stages due to the

limited number of tissue specimens in this study, especially the small sample size of tissues

with stage I and III cancer. Moreover, most patients with breast cancer are currently still

treated with some traditional regimens such as surgery and radiotherapy. The molecularly

targeted drugs for breast cancer treatment such as the HER2-targeting antibody like

trastuzumab, the anti-estrogen drugs like tamoxifen, and the humanized antivascular

endothelial growth factor antibody like bevacizumab are currently only available for the

treatment of very few patients. In this regard, there is an urgent need to identify novel

potential target proteins for breast cancer therapy. The results shown in this study support

the potential role of p90/CIP2A as a target protein for future cancer therapies.

Unlike traditional tumor biomarkers, anti-TAA autoantibodies are found in the sera from

patients with different cancers and may represent early indicators of tumor development [27,

28]. Breast cancer is a heterogeneous disease in which tumor cells express a variety of

aberrant proteins capable of eliciting an immune response. Interestingly, this immune

response appears months to years before the clinical diagnosis of the tumor [29–31]. These

anti-TAA antibodies may provide an in vivo amplification of an early carcinogenic signal,

therefore possibly allowing earlier detection of cancer than current tumor biomarkers. Body

fluids such as blood, saliva, and urine are considered as ideal sources to assess the presence

of cancer biomarkers [32–35]. Many studies have demonstrated that serum samples from

cancer patients contain circulating TAAs and anti-TAA antibodies related to cancer

progression and development [36–41]. Although many candidate biomarkers have been

identified and evaluated, current biomarker detection assays are not sufficiently sensitive or

specific to provide a reliable early diagnosis. In this respect, efforts to discover novel cancer

biomarkers still continue. Especially, considerable effort is being made toward the discovery

of better biomarkers that may allow an early detection of breast cancer [42, 43]. In the

present study, almost 20 % of breast cancer sera showed immune response to p90/CIP2A

recombinant protein. The mean titer of autoantibody against p90/CIP2A in the sera from

patients with breast cancer was significantly higher than that in normal individuals. Among

the tremendous number of tumor markers relative to breast cancer, oncofetal protein (CEA),

oncoproteins (Her2, c-myc), tumor suppressor protein (p53), carbohydrate antigens

(CA15-3, CA27-29), and MUC-1 are the most commonly used markers in clinical studies
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[44, 45]. However, diagnosis based on single tumor marker detection of either a TAA or an

anti-TAA antibody usually lacks sensitivity and specificity as noticed in most studies. Taken

together, a combination of several tumor markers has been demonstrated to be a better

approach than that in using any single marker for diagnosing and monitoring breast cancer.

Moreover, to further evaluate that p90/CIP2A is a specific biomarker in the diagnosis of

breast cancer, it is better to test more serum samples from other types of cancer to see

whether the anti-p90/CIP2A antibody is also useful in the diagnosis of other cancers in a

future project.

In this study, we found that there are strong cytoplasmic and perinuclear expressions of p90/

CIP2A in the sera from patients with breast cancer by indirect immunofluorescence assay.

When p90/CIP2Awas first identified by Soo Hoo et al., it has been demonstrated that the

localization of p90/CIP2A was mainly in the perinuclear regions of the cytosol [10]. In a

further study, Junttila et al. noted its overexpression with predominant cytoplasmic

localization and only a weak nuclear expression in head and neck squamous cell carcinoma

and colon cancer [11]. Recent studies have only addressed the cytoplasmic role of p90/

CIP2A, and the biological function of nuclear p90/CIP2A is largely unknown. This raises an

important question, which calls for studies about the functional significance of nuclear p90/

CIP2A. Our findings suggest that nuclear p90/CIP2A protein may have an important role in

breast carcinogenesis.

In conclusion, a total of 168 sera from patients with breast cancer have been tested with

different immunological assays and were found that p90/CIP2A can induce autoantibody

response in sera from patients with breast cancer, suggesting that the anti-p90/C1P2A

autoantibody might be a potential biomarker for clinical serologic screening in the diagnosis

of breast cancer. The underlying mechanism of how p90/CIP2A induces humoral immune

response in breast cancer patients and how it is involved in tumorigenesis of breast cancer

remain to be investigated.
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Fig. 1.
Titer of autoantibody against p90/CIP2A in human sera by ELISA. The range of antibody

titers to p90/CIP2A was expressed as optical density (OD) obtained from ELISA. The mean

+3 SD of NHS are shown in relationship to all serum samples. Titer of anti-p90/CIP2A in

breast cancer is much higher than that in NHS (P <0.01)
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Fig. 2.
Western blotting analysis showing representative breast cancer sera recognizing p90/CIP2A

recombinant protein. The monoclonal anti-p90/CIP2A antibody was used as positive

control; lanes 1–5, five representative breast cancer sera that were positive in ELISA test

and also have strong reactivity with p90/CIP2A recombinant protein in western blotting

analysis; lanes 6 and 7, normal human sera were used as negative control

Liu et al. Page 11

Tumour Biol. Author manuscript; available in PMC 2014 July 14.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 3.
Representative immunofluorescence staining pattern of anti-p90/CIP2A antibody positive

breast cancer serum. a A normal human serum (NHS) was used as negative control; b
monoclonal anti-p90/CIP2A antibody that demonstrated a perinuclear immunofluorescence

staining pattern was used as positive control; c a representative anti-p90/CIP2A antibody

positive breast cancer serum demonstrated both cytoplasmic and perinuclear

immunofluorescence staining pattern; d the same breast cancer serum that was used in c was

post-absorbed with recombinant p90/CIP2A protein. The fluorescent signal was remarkably

decreased
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Fig. 4.
Expression of p90/CIP2A in breast cancer and adjacent normal breast tissues by

immunohistochemistry. The monoclonal anti-p90/CIP2A antibody was used as primary

antibody to detect the expression of p90/CIP2A in breast cancer and adjacent normal breast

tissues. a Breast cancer tissue (grade I); b breast cancer tissue (grade II); c breast cancer

tissue (grade III); d an adjacent normal breast tissue had negative staining (magnification,

×400). The arrows indicate p90/CIP2A positive staining
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Table 1

Frequency of autoantibody against p90/CIP2A in human sera by ELISA

Type of sera No. tested Autoantibody to p90/CIP2A (%)

Breast cancer 168 32 (19.1)**

Normal human serum (NHS) 88 2 (2.3)

Cut-off value: mean+3 SD of NHS; P value relative to NHS:

**
P <0.01
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Table 2

Expression of p90/CIP2A in breast cancer tissues and cancer adjacent normal tissues

Type of tissues No. tested Autoantibody to p90/CIP2A (%)

Breast cancer 46 46 (100)**

Normal controls 46 13 (28)

P value of breast cancer tissues to adjacent normal tissues:

**
P <0.01
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