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Abstract. – OBJECTIVE: This study is to ex-
plore the expression of cyclic AMP (cAMP) de-
pendent protein kinase inhibitor (PKIB) in hu-
man breast cancer and the correlation with 
phosphorylated protein kinase B (pAkt) expres-
sion in the tumor tissues.

MATERIALS AND METHODS: Surgical remov-
al of the tissue samples from 148 patients with 
primary breast cancer from 2011-2015 were se-
lected, and then we detected the PKIB, estrogen 
receptor (ER), progesterone receptor (PR) and 
proto oncogene (HER2) by using immunohisto-
chemical technique and the Allred score classifi-
cation standard. The clinical pathological factors 
such as tumor diameter, lymph node metastasis 
and tumor stage, etc. were analyzed statistically. 
Then we detected that the PKIB and pAkt respec-
tively of immunohistochemical expression and 
cellular localization of four subtypes in patients 
which were luminal A, luminal B, HER2+/ER-type 
and triple negative breast cancer type.

RESULTS: Immunohistochemistry staining 
showed when pAkt was positive and there were 
significant correlations with the expression of 
PKIB (p<0.05). Both positive staining reactions 
occurred in the cytoplasm of the tumor. Histo-
pathological type, tumor diameter, lymph node 
metastasis, tumor stage and other clinical patho-
logical factors were not significantly associated 
with the expression of PKIB. In addition, the 
expression of PKIB was also significantly associ-
ated with the triple negative breast cancer in the 
four subtypes (p<0.05).

CONCLUSIONS: The expression of PKIB in 
the cytoplasm of tumor is closely related to 
pAkt and the triple negative breast cancer. It 
was concluded that the PKIB promoted the oc-
currence and development of breast tumors by 
regulating the Akt signaling pathway. PKIB will 
be a potential therapeutic target for breast can-
cer, especially in the diagnosis and treatment of 
triple negative breast cancer.
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Introduction

In the western developed countries, the oc-
currence rate of breast cancer is more than 
60/10 million, which makes breast cancer the 
most common malignant tumor in women1. At 
present, the average annual incidence rate of 
breast cancer in China is about 30/10 million, 
and there is an increasing trend year by year2. 
DNA microarray gene expression studies con-
firmed that a variety of breast cancer subtypes 
have significant differences in the prognosis and 
therapeutic targets3. The breast cancer is divided 
into two types according to the expression of the 
hormone receptor dependent genes. One type is 
estrogen receptor (ER) and progesterone recep-
tor (PR) double negative breast cancer (DNBC), 
including the basal cell-like subtype of human 
epidermal growth factor receptor-2 (HER2) with 
or without the expression of human epider-
mal growth factor receptor and HER2 positive 
expression subtype. Another breast cancer is 
composed of ER and PR positive expression of 
tumor; luminal A (HER2 negative) and luminal 
B (HER2 positive) subtypes were also includ-
ed4. The latest study found that ER, PR, and 
ER2 are common in young African American 
women with a negative prognosis of triple neg-
ative breast tumors5. However, for the estrogen 
sensitive luminal type A tumor, the prognosis 
of patients is generally more ideal6. Serine/thre-
onine protein kinase Akt can promote the cell 
growth and proliferation, inhibit the process of 
promoting apoptosis and stimulate angiogenesis 
after activation or phosphorylation7. In a variety 
of tumor tissues, the Akt pathway is considered 
to be the key pathway for the regulation of tumor 
invasion and metastasis, and it has become a 
promising therapeutic target in the treatment of 
cancer8. The study confirmed that the expression 
level of phosphorylated Akt (pAkt) kinase was 
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significantly increased in triple negative breast 
cancer (TNBC). TNBC includes basaloid type, 
apocrine carcinoma, metaplastic carcinoma and 
myoepithelial differentiation cancer and a vari-
ety of different types of cancer9. The activation 
of Akt kinase may lead to tumor proliferation 
and result in poor prognosis in patients with 
breast cancer. In addition, as a hormone-depen-
dent tumor, the growth of breast cancer cells 
is regulated by a variety of hormones. In the 
process of occurrence and development of the 
breast cancer, the estrogen plays an important 
role, and the endocrine therapy can inhibit the 
growth of tumor cells by decreasing the level 
of estrogen in the body or inhibiting the ac-
tion of estrogen. However, the Akt activation 
can significantly inhibit the effect of endocrine 
therapy, and pAkt in the endocrine therapy for 
breast cancer resistance is a very valuable po-
tential predictive factor. Cyclic adenosine mono-
phosphate (cAMP)-dependent protein kinase A 
(PKA) is generally considered to be a key factor 
in the regulation of physiological or pathological 
changes in the body mediated by cAMP10. When 
combined with the protein G, PKA activates a 
variety of ligand receptor signaling pathways 
that control the cell growth and the differentia-
tion. In patients with breast cancer, the presence 
of endocrine therapy resistance is highly cor-
related with the activation of the PKA pathway. 
In addition, clinical researches also found that 
the resistance of anti estrogen drugs tamoxifen 
taken by breast cancer patients was correlated 
with the activation of PKA11,12. In addition, the 
activation of PKA signaling pathway in HER2 
positive breast cancer is believed to be the basis 
of drug resistance to chemotherapy13. 

PKA has three inhibitory factors: PKI-α, 
PKI-β, and PKI-γ. These factors express and 
regulate the PKA pathway in breast tumors14,15. 
PKI-β, also known as PKIB, its inhibitory effect 
on PKA is still unclear. Nevertheless, recent 
studies found that PKIB may be the core regula-
tor of PKA pathway16. PKIB was overexpressed 
in castration-resistant prostate cancer and highly 
correlated with Gleason score17. Phosphorylation 
of Akt is induced by functional connectivity be-
tween PKA and Akt pathways, thus highlighting 
PKIB as a predictor of malignant phenotype and 
poor prognosis in prostate cancer. This study 
mainly discussed the correlation between the ex-
pression of PKIB and pAkt in the breast cancer, 
especially the TNBC subtypes, to provide an 
objective index for further clinical research.

Patients and Methods

Breast Cancer Tumor Tissue 
Sample Collection

The samples of 148 patients with primary 
breast cancer who underwent surgical treatment 
at The Affiliated Cancer Hospital of Zhengzhou 
University (Zhengzhou, Henan, China) were col-
lected for 2011-2015. The average age of the pa-
tients was 61 years old (range 33-90) by inquiring 
the clinical data of the patients in the hospital. 
The breast tumor tissue samples were fixed in 
10% buffered formalin, embedded in paraffin and 
stained with hematoxylin eosin (H&E) staining. 
All the specimens were 5 μm serial sections.

Immunohistochemical Method
The EnVision two-step method was used in im-

munohistochemistry. 5 μm sections were dewaxed 
to water and treated with 0.3% hydrogen peroxide 
methanol for 10 minutes after washing. The sec-
tion were then put in microwave oven for antigen 
repair for 20 min with the rabbit anti-human PKIB 
(1:80 dilution), pAkt (1:80 dilution) polyclonal anti-
body, mouse anti-human HER2 (1:50 dilution), ER 
(1:50 dilution) and PR (1:50 dilution) monoclonal 
antibody added in succession. All materials were 
purchased from Abcam (Cambridge, MA, USA). 
The first antibody was placed at 4°C overnight 
and, then, it was washed 3 times with phosphate 
buffered saline (PBS), 2 minutes for each. The 
two-step method was used by DAB color and 
rabbit/mouse general type immunohistochemistry 
ELISA Kit (Beijing Jiuzhou Tianrui Technology 
Co., Ltd., Beijing, China). The sections were then 
washed by tap water, counterstained with hema-
toxylin for 10 min (70%-100%) levels of alcohol 
dehydration, 3 minutes for each level. After that, 
the sections were placed in xylene for 5 minutes, 
finally mounted and observed under microscope. 
PBS buffer solution was used as negative control 
instead of the first antibody, and the breast cancer 
positive samples (Beijing Zhongshan Jinqiao Inc. 
Beijing, China) were used as positive control. Each 
tumor sample was independently tested for three 
times to verify the reliability of the results. CX31-
LV320 OLYMPUS microscope was purchased 
from Beijing Changhen Rongchuang Technology 
Co., Ltd. (Beijing, China).

Standard and Subtype Definition of Im-
munohistochemistry

In order to detect the expression of PKIB, the 
Allred score method was used to determine the 
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staining intensity of each sample in our hospital. 
According to the immune staining intensity of 
pAkt antibody in cytoplasm, ER in nucleus, the 
PR antibody and the records were marked as neg-
ative (-) or positive (+). The expression of HER2 
was assessed according to the intensity and in-
tegrity of its membrane staining and recorded 
as negative (-) or positive (+). In addition, for a 
variety of subtypes of tumor, the formalin fixed 
and paraffin embedded tissue samples by using 
gene expression analysis was not ideal; therefore, 
this study used immunohistochemistry to detect 
the difference between subtypes of breast can-
cer. According to the immunohistochemistry, the 
breast cancer subtypes can be defined as follows: 
luminal A type (ER+ and/or PR+, HER2-) and lu-
minal B type (ER+ and/or PR+, HER2+), HER2+/
ER-type (ER-, PR-, and HER2+) and TNBC (ER-, 
PR, and HER2-).

Statistical Analysis
We used SPSS17.0 (SPSS Inc., Chicago, IL, 

USA) for data analysis. The χ2-test was used to 
analyze the relationship between the expression of 
PKIB and pAkt, ER, PR and HER2, and its cor-
relation with the clinical features of the patients. 
p<0.05 difference has statistical significance.

Results

Positive Expression of pAkt Was 
Significantly Associated with PKIB

By analyzing the clinical pathological data of 
148 cases of primary breast cancer, we found that 
when pAkt positive expressed and PKIB expres-
sion was significantly associated (p<0.05), but oth-
er factors such as histological type, tumor diame-
ter, lymph node metastasis, tumor stage and other 
factors were not significant, as shown in Figure 1.

Overexpression of PKIB in the 
Cytoplasm of Breast Tumors and 
Its Association with pAkt

Immunohistochemical staining found that 
there was a strong immune response of PKIB 
antibodies in cytoplasm in 53.1% (34/64 cases) 
of breast cancer patients, the staining of which 
was found to be significant. In contrast, strong 
cytoplasmic staining was visible in the immune 
response of 46.9% (30/64, Figure 1A) of the tu-
mor cells. In normal breast tissues, PKIB immu-
noreactivity was limited to the minimal extent of 
breast cells. The rate of positive staining of anti 

pAkt antibody in tumor was 18.2% (27 cases, Fig-
ure 1B), including 20 tissue samples with PKIB 
positive expression (Figure 1C). In spite of the 
relatively low expression of pAkt, it was found 
that there was a significant relationship correla-
tion PKIB and pAkt immunoactivities (p<0.05). 

Figure 1. Expression of PKIB and pAkt in breast tumor cy-
toplasm. A, In breast tumor tissues, the anti PKIB antibody 
has a uniform and strong immunoactivity and only an ex-
tremely weak cytoplasmic immunoactivity occurs in nor-
mal ductal epithelial cells (arrow pointing), x150. B, An-
ti pAkt antibody in breast tumor cytoplasm showed posi-
tive immunostaining (HE×300). C, Anti PKIB antibody in 
cytoplasm of breast tumor showed positive immunostain-
ing (HE×300).
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The immunostaining of pAkt in 14 cases was ho-
mogeneous and obvious. In addition, the positive 
reaction was confined to the cytoplasm. PAkt in 
the 13 cases of tissue samples were found to have 
immune staining, which was negative staining 
in the majority lung cancer tissues, including 
epithelial cells, adjacent tissues and infiltrating 
inflammatory cells, as shown in Table I.

Expression of PKIB Was Significantly 
Associated with Three Negative Breast 
Cancer Subtypes

According to the expression of ER, PR and 
HER2 in tumor cells, 148 cases were divided into 
four groups: luminal A type (73 cases, 49.3%), 
luminal B type (30 cases, 20.3%), HER2+/ER-
type (20 cases, 13.5%) and TNBC (25 cases, 

16.9%). Table II showed the correlation between 
the positive expression rates of PKIB and pAkt 
in patients with primary tumors and breast cancer 
by immunohistochemistry. The correlation be-
tween PKIB and immunohistochemical subtypes 
was studied, and we found that the expression 
of PKIB was significantly associated with three 
negative breast cancer (p<0.05). In contrast, the 
expression of PKIB and pAkt were not signifi-
cantly different among other three groups.

Discussion

PKIB is considered to have one of the reg-
ulatory factors mediating PKA signaling path-
way18. Therefore, the overexpression of PKIB as 

Table I. Clinicopathological features of PKIB and pAkt positive or negative patients.

Note: PKIB (cAMP dependent protein kinase inhibitor Β), pAkt (Phosphorylation Akt), LN (Lymph node).

Pathological features	 PKIB+	 PKIB-	 χ2, p

	 pAkt+	 20 (74.1%)	 7 (25.9%)	 12.790, 0.000
	 pAkt-	 44 (36.4%)	 77 (63.6%)	
Histopathological type			   6.215, 0.102
	 Hard cancer	 31 (48.4%)	 46 (54.8%)	
	 Papillary adenocarcinoma	 11 (17.2%)	 18 (21.4%)	
	 Solid cancer	 11 (17.2%)	 16 (19.0%)	
	 Other	 11 (17.2%)	 4 (4.8%)	
Tumor diameter			   0.606, 0.436
	 ≤2.0 cm	 34 (53.1%)	 50 (59.5%)	
	 >2.0 cm	 30 (46.9%)	 34 (40.5%)	
Lymphatic metastasis			   1.549, 0.213
	 LN+	 22 (34.4%)	 21 (25.0%)	
	 LN-	 42 (65.6%)	 63 (75.0%)	
Tumor stage			   1.489, 0.685
	 I	 30 (46.9%)	 44 (52.4%)	
	 II	 26 (40.6%)	 31 (36.9%)	
	 III	 7 (11.0%)	 6 (7.2%)	
	 IV	 1 (1.6%)	 3 (3.6%)	
Preoperative adjuvant chemotherapy	 7 (11.0%)	 8 (9.5%)	 0.080, 0.778

Note: PKIB, PKIB (cAMP dependent protein kinase inhibitor Β), pAkt (Phosphorylation Akt), IHC (Immuno histochemistry);
Luminal A, ER+ and/or PR+, HER2−; Luminal B, ER+ and/or PR+, HER2+; HER2/ER-, ER-, PR-, and HER2+; TNBC, ER-, 
PR-, and HER2-.

Table II. Correlation between PKIB and pAkt and IHC subtypes.

	 	PKIB expression on 148 cases			 pAkt expression on 148 cases

IHC Subtypes			   Association			   Association 
	 PKIB+	 PKIB-	 analysis	 pAkt+	 pAkt-	 analysis
	 (n = 64)	 (n = 84)	 χ2, p	 (n = 27)	 (n = 121)	 χ2, p

Luminal A	 25	 48		  12	 61	
Luminal B	 10	 20	 20.614, 0.000	 6	 24	 2.728, 0.435HER2/ER−	 8	 12		  6	 14	
TNBC	 21	 4		  3	 22	
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a malignant phenotype predicts poor prognosis 
in patients with prostate cancer. PKIB is thought 
to promote the occurrence and development of 
prostate cancer through the phosphorylation of 
Akt in PKA and Akt pathway19. Although the 
hormone therapy is an ideal method for the 
treatment of breast cancer, the PKA is closely 
correlated with the endocrine therapy resistance 
when tamoxifen is used as the most critical prog-
nostic factor in the treatment of breast cancer. 
In addition, the activation of the PKA signaling 
pathway is considered to be the basis of drug re-
sistance when the tamoxifen is used as adjuvant 
chemotherapy for HER2 positive breast cancer. 
Other researches suggested that the inhibition 
of PKA activity can significantly reduce the ex-
pression level of HER2 protein in the mammary 
epithelial cells of tumor suppressor gene p53 
inactivation20. The activation of Akt at down-
stream of HER2 pathway in breast cancer plays 
an important role in inhibiting the effect of en-
docrine therapy. Hence, the pAkt may be a valu-
able predictor of resistance of endocrine therapy 
in breast cancer, and it may also be a potential 
target for inhibiting Akt pathway and promoting 
endocrine therapy in breast cancer treatment21. 
Previous papers reported that the Akt activation 
or phosphorylation was important in developing 
the breast cancer22. This investigation confirmed 
significant correlation between the expression 
of PKIB and pAkt in tumor cytoplasm. These 
findings suggested that PKIB may participate in 
the regulation of Akt pathway through activa-
tion or phosphorylation of Akt. Compared with 
the prognosis of patients with luminal type A 
tumors, the progression-free survival and total 
survival time of TNBC patients were suggested 
to be shorter23. Another study found that activa-
tion of Akt pathway was more likely to occur in 
TNBC tissues24. In this study, the immunohisto-
chemical staining of breast tumor tissue samples 
from 148 cases of primary breast cancer patients 
confirmed that the overexpression of PKIB was 
present in TNBC and there was a significant 
correlation between PKIB expression and pAkt. 
These results suggested that the overexpression 
of PKIB was associated with the development 
of breast cancer, and the expression of PKIB 
and pAkt can be detected in the breast cancer 
patients or as prognostic indicators. However, the 
continued expression of PKIB in breast tumors 
and other possible features, for example, the 
mechanism of overexpression of PKIB in TNBC 
is still unclear. 

Conclusions

The immunohistochemical analysis confirmed 
that the expression of PKIB in tumor cytoplasm 
was closely associated with pAkt and TNBC. 
PKIB may promote the development of breast 
cancer by regulating Akt signaling pathway and 
it is a promising therapeutic target in the diag-
nosis and treatment of breast cancer, especially 
in TNBC.

Acknowledgements
This work was supported by the National Natural Sci-
ence Foundation of China (No. 81370661) and the Natu-
ral Science Foundation of Henan Province of China (No. 
102300410038).

Conflict of Interests
The Authors declare that they have no conflict of interests.

References

   1)	Chen XZ, Liu Y, Wang R, Zhang WH, Hu JK. Im-
provement of cancer control in mainland China: 
epidemiological profiles during the 2004-10 Na-
tional Cancer Prevention and Control Program. 
Lancet 2016; 388: 1: S40.

   2)	Dabanaka K, Chung S, Nakagawa H, Nakamura Y, 
Okabayashi T, Sugimoto T, Hanazaki K, Furihata M. 
PKIB expression strongly correlated with phos-
phorylated Akt expression in breast cancers and 
also with triple-negative breast cancer subtype. 
Med Mol Morphol 2012; 45: 229-233. 

   3)	Džoić Dominković M, Ivanac G, Kelava T, Brkljačić 
B. Elastographic features of triple negative breast 
cancers. Eur Radiol 2016; 26: 1090-1097.

   4)	Ishitha G, Manipadam MT, Backianathan S, Chacko 
RT, Abraham DT, Jacob PM. Clinicopathological 
study of triple negative breast cancers. J Clin 
Diagn Res 2016; 10: EC05-EC09.

   5)	Fan YX, Dai YZ, Wang XL, Ren YQ, Han JJ, Zhang 
H. MiR-18a upregulation enhances autophagy in 
triple negative cancer cells via inhibiting mTOR 
signaling pathway. Eur Rev Med Pharmacol Sci 
2016; 20: 2194-2200

   6)	Jang MH, Kim EJ, Kim HJ, Chung YR, Park SY. As-
sessment of HER2 status in invasive breast can-
cers with increased centromere 17 copy number. 
Breast Cancer Res Treat 2015; 153: 67-77.

   7)	Guo Y, Chang H, Li J, Shen L, Yu ZB, Liu WC. 
Thymosin alpha 1 suppresses proliferation and 
induces apoptosis in breast cancer cells through 
PTEN-mediated inhibition of PI3K/Akt/mTOR 
signaling pathway. Apoptosis 2015; 20: 1109-
1121.

   8)	Banerjee N, Kim H, Krenek K, Rothschild DE, Rog-
ers AN, Benz CC. mTORC1/C2 and pan-HDAC 
inhibitors synergistically impair breast cancer 



Study on correlation between PKIB and pAkt expression in breast cancer tissues

1269

growth by convergentAKT and polysome inhibit-
ing mechanisms. Breast Cancer Res Treat 2014; 
144: 287-298.

   9)	Kumar P, Aggarwal R. An overview of triple-neg-
ative breast cancer. Arch Gynecol Obstet 2016; 
293: 247-269. 

 10)	 Fields LA, Koschinski A, Zaccolo M. Sustained 
exposure to catecholamines affects cAMP/PKA 
compartmentalised signalling in adult rat ven-
tricular myocytes. Cell Signal 2016; 28: 725-
732.

 11)	 De Leeuw R, Flach K, Bentin Toaldo C, Alexi X, 
Canisius S, Neefjes J, Michalides R, Zwart W. PKA 
phosphorylation redirects ERα to promoters of a 
unique gene set to induce tamoxifen resistance. 
Oncogene 2013; 32: 3543-3551. 

 12)	 Ma ZL, Chen YP, Song JL, Wang YQ. Knockdown 
of CD24 inhibits proliferation, invasion and sen-
sitizes breast cancer MCF-7 cells to tamoxifen 
in vitro. Eur Rev Med Pharmacol Sci 2015; 19: 
2394-2399

 13)	 Dezong G, Zhongbing M, Qinye F, Zhigang Y. 
Carvedilol suppresses migration and invasion of 
malignant breast cells by inactivating Src involv-
ing cAMP/PKA and PKCδ signaling pathway. J 
Cancer Res Ther 2014; 10: 998-1003.

 14)	 Ehmsen S, Hansen LT, Bak M, Brasch-Andersen C, Dit-
zel HJ, Leth-Larsen R. S100A14 is a novel indepen-
dent prognostic biomarker in the triple-negative 
breast cancer subtype. Int J Cancer 2015; 137: 
2093-2103.

 15)	 Le Du F, Eckhardt BL, Lim B, Litton JK, Moulder S, 
Meric-Bernstam F, Gonzalez-Angulo AM, Ueno NT. 
Is the future of personalized therapy in triple-neg-
ative breast cancer based on molecular subtype? 
Oncotarget 2015; 6: 12890-12908. 

 16)	 Yu F, Zhang X, Zhang S, Liu J, Liu Y, Zhang J. Pat-
terns and risk factors of recurrence in triple-nega-

tive breast cancer. Zhonghua Yi Xue Za Zhi 2014; 
94: 2180-2183.

 17)	 Chung S, Furihata M, Tamura K, Uemura M, Daigo Y, 
Nasu Y, Miki T, Shuin T, Fujioka T, Nakamura Y, Nak-
agawa H. Overexpressing PKIB in prostate cancer 
promotes its aggressiveness by linking between 
PKA and Akt pathways. Oncogene 2009; 28: 
2849-2859.

 18)	 Gedaly R, Galuppo R, Musgrave Y, Angulo P, Hundley 
J, Shah M, Daily MF, Chen C, Cohen DA, Spear BT, 
Evers BM. PKI-587 and sorafenib alone and in 
combination on inhibition of liver cancer stem cell 
proliferation. J Surg Res 2013; 185: 225-230.

 19)	 Veeriah S, Leboucher P, de Naurois J, Jethwa N, Nye 
E, Bunting T, Stone R, Stamp G, Calleja V, Jeffrey 
SS, Parker PJ, Larijani B. High-throughput time-re-
solved FRET reveals Akt/PKB activation as a 
poor prognostic marker in breast cancer. Cancer 
Res 2014; 74: 4983-4995.

 20)	Rahimi A, Lee YY, Abdella H, Doerflinger M, Gan-
goda L, Srivastava R, Xiao K, Ekert PG, Puthalakath 
H. Role of p53 in cAMP/PKA pathway mediated 
apoptosis. Apoptosis 2013; 18: 1492-1499.

 21)	 Matsumoto H, Koo SL, Dent R, Tan PH, Iqbal J. Role 
of inflammatory infiltrates in triple negative breast 
cancer. J Clin Pathol 2015; 68: 506-510.

 22)	 Park SS, Kim SW. Activated Akt signaling pathway 
in invasive ductal carcinoma of the breast: cor-
relation with HER2 overexpression. Oncol Rep 
2007; 18: 139-143

 23)	 Tan GH, Taib NA, Choo WY, Teo SH, Yip CH. Clinical 
characteristics of triple-negative breast cancer: 
experience in an Asian developing country. Asian 
Pac J Cancer Prev 2009; 10: 395-398.

 24)	 Papa A, Caruso D, Tomao S, Rossi L, Zaccarelli E, 
Tomao F. Triple-negative breast cancer: investigat-
ing potential molecular therapeutic target. Expert 
Opin Ther Targets 2015; 19: 55-75.


