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Abstract: CD151 is up-regulated in several types of tumors and is involved in tumor invasion and metastasis. How-
ever, the potential role of CD151 in pituitary adenomas remains unclear. Here, we performed quantitative real-time 
PCR and immunochemistry to measure the expression levels of CD151 in samples of pituitary adenomas and inves-
tigated the effects of CD151 knock-down on tumor phenotypes in the HP75 pituitary adenoma cell line. We found 
that, compared to normal pituitary tissues, CD151 expression is increased in non-invasive pituitary adenomas and 
further increased in invasive pituitary adenomas. CD151 knock-down inhibited cell proliferation, invasion, clone 
formation, in vivo tumor development, and promoted apoptosis in the pituitary adenoma cell line. Our results fully 
support that CD151 plays an important role in promoting invasion and aggression of pituitary adenomas and thus 
might be a therapeutic target.
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Introduction

Pituitary adenomas are primary tumors of the 
pituitary gland and account for 10% to 25% of 
all intracranial neoplasms. The estimated prev-
alence rate of pituitary adenomas in the gen-
eral population is around 17% [1]. Although 
most cases of pituitary adenomas are benign, 
about 35% of cases show invasive and aggres-
sive behavior [2]. Current treatment of pituitary 
adenomas relies on surgery, radiation, and che-
motherapy. But the prognosis of patients with 
invasive pituitary adenomas remains poor [3]. 
Unfortunately, the molecular mechanism un- 
derlying the invasion of pituitary adenomas is 
far from unclear. Comprehensive understand-
ing of invasive pituitary adenomas might pro-
vide new therapeutic targets for its treatment.

CD151 is a member of the transmembrane pro-
tein superfamily (transmenbrane 4 super fami-
ly, TM4SF) which binds specifically to integrins 
to regulate cell adhesion, migration, and prolif-
eration [4]. Previous studies have shown that 
CD151 is up-regulated in several types of 

tumors and is involved in tumor invasion and 
metastasis [5]. Moreover, CD151 expression 
level correlates with tumor histological grading, 
clinical staging, and prognosis [6-8]. More 
importantly, CD151 is a promising drug target 
as several anti-CD151 monoclonal antibodies 
have shown anti-cancer effects in in vivo mouse 
models [9]. However, the potential role of 
CD151 in pituitary adenomas is unknown. Here, 
we measured the expression level of CD151 in 
pituitary adenoma samples and investigated 
the effects of CD151 knock-down on cellular 
behavior of the HP75 pituitary adenomas cell 
line. Our results suggest that CD151 may play 
an important role in the invasion of pituitary 
adenomas. The therapeutic efficacy of anti-
CD151 monoclonal antibodies in pituitary ade-
nomas thus deserves further investigation. 

Materials and methods 

Clinical samples

The study was approved by the Institutional 
Review Board of Wannan Medical College and 
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written informed consent was obtained from 
each patient. A total of 60 cases of pituitary 
adenomas from patients without radiation or 
chemotherapy and 7 cases of normal pituitary 
tissues from autopsy were collected in the 
Department of Neurosurgery, Affiliated Hos- 
pital of Wannan Medical College from May 
2011 to May 2014 by surgical resection.
Samples were stored in liquid nitrogen. All 
cases of pituitary adenomas were confirmed by 
histopathological examination. Twenty nine 
cases were male and thirty one cases were 
female. The average age of 60 cases was 
48.5±9.8, ranging from 23-69. Invasive pitu-
itary adenomas were defined as meeting the 
following criteria: Hardy-Wilson grading ≥3 or C 
to D stage or Knosp grading ≥3. Thus, 24 cases 
were invasive adenomas and 36 cases were 
non-invasive adenomas.

Cell cultures

Human pituitary adenomas cell line HP75 from 
ATCC was maintained in Dulbecco’s Modified 
Essential Medium (DMEM) with 10% fetal 
bovine serum (FBS), 100 U/ml penicillin and 
100 mg/ml streptomycin. Cells were cultured in 
a humidified atmosphere with 5% CO2 at 37°C.

CD151 knock-down

The short hairpin RNA (shRNA) targeting hu- 
man CD151 mRNA sequence (forward: TGGGA- 
GATCATCGCTGGTATCTTCAAGAGAGATACCAGC- 
GATGATCTCC CTTTTTTC and reverse: TCGAG- 
AAAAAAGCCTCTAGTAGCGACCATAG TCTCTTGA- 
ACTATGGTCGCTACTAGAGGCA) and its scram-
bled shRNA were constructed into the pLen- 
tiLox3.7 (pLL3.7) lentiviral vector. The lentiv- 
irus was packaged and amplified in HEK293T 
cells. The HP75 cells were infected at an MOI  
of 5.

Invasion assay

Invasion assay was performed in a Transwell 
(Corning). The well was filled with Matrigel (BD 
Biosciences) at 1 mg/ml in DMEM medium 
without FBS. The lower chamber was filled with 
600 ml medium with 10% FBS. The cells were 
collected and 100 ml of suspension was plated 
at the concentration of 8*105 cells/ml into the 
well. The cells were cultured at 37°C with 5% 
CO2 for 36 h. The upper surface of the mem-
brane was wiped with a cotton tip and the 

migrant cells attached to the lower surface 
were stained with crystal violet. Cell numbers in 
5 random visual fields were counted and the 
data are presented as fold change relative to 
the control group.

Apoptosis assay

For Annexin V-FITC apoptosis assay, cells were 
trypsinized, washed, and stained with Annexin 
V-FITC Apoptosis kit (abcam, ab14085) in the 
dark for 15 min at room temperature. Then, the 
stained cells were analyzed by MoFlo XDP 
(Beckman Coulter, Inc). For TUNEL assay, cells 
were fixed with 4% PFA, permeated with 0.25% 
Triton®X-100, and stained with Click-iT® TUNEL 
Alexa Fluor® Imaging Assay kit (C10245). The 
stained cells were then analyzed by fluores-
cence microscopy.

MTT assay

Cells were seeded into a 96-well plate in tripli-
cate at a concentration of 4×103 cells per well. 
Cell growth was measured by 3-(4,5-dimethyl-
thiazol-2-yl)- 2,5-diphenyltetrazolium (MTT) bro-
mide assay every 24 hours for 5 days. Cells 
were incubated with 5 mg/ml MTT for 4 h, and 
subsequently solubilized in DMSO (100 ul/
well). The absorbance at 570 nm was mea-
sured using an ELISA reader.

Clone formation assay

Cells were plated in duplicate in a 6-well pla- 
te. After incubation at 37°C for 14 days, the 
colonies were stained with Crystal Violet solu-
tion in methanol for 15 min. Colonies >50 um  
in diameter were counted. The data are pre-
sented as fold change relative to the control 
group.

In vivo xenograft study 

The animal experiments were conducted in 
accord with the animal welfare guidelines of 
Wannan Medical College. Female athymic nude 
mice (6 weeks old, BALB-c/nu/nu strain) were 
kept in specific pathogen-free condition and 
were randomly assigned to two groups: CD151 
RNAi and scrambled group, 7 animals per 
group. Pituitary adenomas cell line HP75 were 
infected with CD151 RNAi or scramble lentivi-
rus at MOI of 10. A total of 1×106 cells were 
implanted into subcutaneous tissue of bila- 
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teral forelimb armpit with a 26-gauge needle/1 
ml syringe. Tumor size was measured after 4 

weeks by measuring the length (L) and width 
(W) of xenografted tumors with a vernier cali-

Figure 1. CD151 expression in pituitary adenomas. A. The quantification of CD151 mRNA levels in indicated sam-
ples using real-time PCR. B. The representative images of CD151 staining in indicated samples using IHC. C. The 
positive rate of CD151 staining in indicated samples. D. The quickscore of CD151 staining in indicated samples. For 
all, *P<0.05; **P<0.01.
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per. Tumor size was calculated as follows: 
L×(W)2/2.

Real time-PCR

Total RNA was extracted using Trizol from tis-
sues or cultured cell line. The reverse transcrip-
tion was performed with 1 ug RNA under the 
following condition: 25°C 10 min, 50°C 30 min, 
85°C 5 min. The cDNA was used as template 
for SYBR Green real-time PCR. The relative 
expression levels of target genes were calcu-
lated by comparative Delta-delta CT method. 
The primers for CD151 were as follows: F, 
5-GCACCGTTTGCCTCAAGT-3; R, 5-ACCACCAG- 
GATGTAGGCTGT-3. The primers for b-actin were 
as follows: F, 5-GAAGGTGAAGGTCGGAGTC-3; R, 
5-GAAGATGGTGATGGGATTTC-3.

Western blot

Total protein was extracted with sodium do- 
decyl sulfate lysis buffer (2% sodium dodecyl 
sulfate, 10% glycerol, 0.1 mM dithiothreitol, 
and 0.2 M Tris-HCl, pH 6.8) and boiled at 95°C 
for 10 min. Protein samples were resolved by 
SDS-PAGE electrophoresis and blotted with 
anti-human CD151 antibody (1:400, ab217357, 
Abcam). 

Immunochemistry 

Serial sections of paraffin-embedded tissues 
at the thickness of 5 um were prepared. 
Immunostaining of the sections with rabbit 
polyclonal anti-human CD151 antibody (ab21- 
7357, Abcam) was performed according to the 
instruction of VectaStain Universal ABC kit. The 
slides were then counter-stained with hema-
toxylin. CD151 staining was scored by the 
Quickscore method [10]. Briefly, each case was 
represented by five random visual fields. The 
positive cells were counted and the positive 
rate (P) was calculated by the total number  
of positive cells divided by the total number of 
all cells in five fields. The positive rate was  
further scored as: 1, <25%; 2, <50%; 3, >50%. 
The staining intensity (I) was scored as 1 for 
weak, 2 for moderate, and 3 for strong. The 
quickscore equals to P×I. The quickscore of 
each case was calculated as the average 
quickscore of five fields. Analysis of the immu-
nochemistry results was performed in a dou-
ble-blind manner.

Statistical analysis

Statistical analysis was performed by two-
tailed Student t test for two groups and one way 
ANOVA with Newman-Keuls post hoc test for 
more than two groups using SPSS 16.0 soft-
ware. The data are expressed as mean ± SD. 
Statistically significant differences are defined 
as P<0.05.

Results 

CD151 expression in pituitary adenomas

The mRNA levels of CD151 in tissue samples 
were measured by real time-PCR and the 
results show that, compared to normal pituitary 
tissue (n=7), CD151 mRNA levels are increased 
in non-invasive pituitary adenomas (n=36) and 
further increased in invasive pituitary adeno-
mas (n=24) (Figure 1A). We also measured 
CD151 protein levels using immunochemistry 
in the same tumor and normal tissues. The 
staining results show that CD151 expression is 
mainly found in the cell membranes (Figure 
1B). Semi-quantitative analysis shows that, 
compared to normal pituitary tissue, both the 
positive rate (Figure 1C) and the quickscore 
(Figure 1D) which integrates positive rate and 
intensity were increased in non-invasive pitu-
itary adenomas and further increased in inva-
sive pituitary adenomas. Taken together, these 
results suggest that CD151 up-regulation is 
associated with the invasive behavior of pitu-
itary adenomas.

CD151 knock-down inhibits cell proliferation 
and induces apoptosis in pituitary adenomas

We sought to determine if CD151 affects tumor 
phenotypes in the human pituitary adenoma 
cell line HP75. CD151 knock-down was per-
formed using lentiviral vector-based shRNA tar-
geting human CD151. When HP75 cells were 
infected at an MOI of 5 for 48 h, CD151 protein 
level was greatly reduced (Figure 2A). The 
potential effect of CD151 RNAi on cell prolifera-
tion was evaluated by MTT assay. The results 
showed that CD151 RNAi inhibited cell prolifer-
ation (Figure 2B). The effect of CD151 RNAi on 
apoptosis was evaluated using TUNEL assay 
(Figure 2C) and Annexin V-FITC assay (Figure 
2D). Both results show that CD151 RNAi 
induced apoptosis. All these results from in 
vitro cultured HP75 cells support that CD151 
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plays an important role in promoting aggres-
sive phenotypes of pituitary adenomas.

CD151 knock-down inhibits invasion and tu-
mor formation in pituitary adenomas

The effect of CD151 RNAi on invasion and 
tumor formation was further evaluated by 
Matrigel invasion assay (Figure 3A) and clone 

formation assay (Figure 3B). The results show 
that CD151 RNAi greatly reduced the number 
of migrated cells and clone numbers. To pro-
vide in vivo evidence that CD151 is indeed 
important for the development of pituitary ade-
nomas, we established a subcutaneous xeno-
graft model in nude mice. A total of 14 nude 
mice were randomly assigned to two groups: 
CD151 RNAi (n=7) and scrambled group (n=7). 

Figure 2. CD151 knock-down inhibits cell proliferation and induces apoptosis. A. The representative Western blot 
of CD151 protein levels after CD151 RNAi in HP75 cell line and its quantification. B. MTT assay of HP75 cells after 
CD151 RNAi. C. TUNEL assay of HP75 cells after CD151 RNAi. D. Annexin V-FITC apoptosis assay of HP75 cells 
CD151 RNAi. For all, *P<0.05; **P<0.01.
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Four weeks after implantation, mice were sacri-
ficed and the tumor tissues were collected. The 
results show that tumor size of CD151-RNAi 
group was significantly smaller than that of 
scrambled group (Figure 3C). The mean tumor 
volume of CD151-RNAi and scrambled groups 
was 110.0 mm3 (P<0.001 vs scramble) and 
301.5 mm3, respectively.

Discussion

As a member of the TM4SF family, human 
CD151 is located on chromosome 11P15.5 
[11]. Although CD151 is widely expressed 
among different tissues, CD151 expression is 
up-regulated in a variety of tumor types such as 
ovarian cancer [12], breast cancer [13], and 
pancreatic cancer [14]. Ang et al. measured 
CD151 expression in prostate cancer using 
immunochemistry [16]. They showed that 
CD151 expression in prostate cancer tissue 
was significantly higher than benign prostatic 
hyperplasia, and CD151 expression in poorly 

differentiated prostate cancer is higher than 
well-differentiated prostate cancer. Similarly, 
Hashida et al. detected CD151 expression 
using immunochemistry and RT-PCR in 146 
cases of colon cancer [17]. They found up-regu-
lation of CD151 in 81 cases and the rate of 
3-year survival of high-CD151 patients was sig-
nificantly lower than the low-CD151 patients. 
Thus, CD151 up-regulation plays important 
roles in promoting aggressive behaviors of 
tumors.

In this report, we measured the expression 
level of CD151 in 60 cases of pituitary adeno-
mas and 7 cases of normal pituitary tissues. 
We found that CD151 expression was up-regu-
lated in pituitary adenomas compared with nor-
mal pituitary tissues. Moreover, CD151 up-reg-
ulation was associated with invasion of pituitary 
adenomas. Further results from HP75 cells 
indicate that CD151 promoted cell prolifera-
tion, invasion, clone formation, in vivo tumor 
development, and inhibited apoptosis. Our 

Figure 3. CD151 knock-down inhibits invasion and tumor formation. The representative images and quantification 
of invasion assay (A), clone formation assay (B) and in-vivo xenografts (C). For all, *P<0.05; **P<0.01; ***P<0.001.
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results are fully consistent with previous stud-
ies showing that CD151 promotes tumor cell 
proliferation, migration, and invasion via the 
formation of CD151-α3β1/α6β1 complexes 
[18-20]. However, the molecular mechanism 
underlying the effects of CD151 in pituitary 
adenomas remains unclear. As the function of 
CD151 relies on molecular interactions with 
integrins, it’s possible that CD151- integrin 
complexes underlies the invasion of pituitary 
adenomas. Indeed, there is one study investi-
gating integrin β1 expression in pituitary ade-
nomas from 49 Chinese patients and they 
found that integrin β1 expression was higher in 
high-grade pituitary adenomas [21]. However, a 
French study showed that expression of integ-
rins is reduced in 25 cases of pituitary adeno-
mas compared to 6 cases of normal tissues 
[22]. This discrepancy may result from different 
ethnic groups or bias from small sample size. 
Thus, further experiments are required to eluci-
date the potential involvement of integrins in 
pituitary adenomas. 

In addition, anti-CD151 monoclonal antibodies 
have shown anti-cancer effects in gallbladder 
carcinoma [23], rectal carcinoma [24], and 
colon cancer [25]. Antibody-based cancer ther-
apy has superior specificity and efficacy than 
the conventional chemotherapy in several can-
cers [26]. Although the efficacy of CD151 anti-
body treatment remains to be validated in pitu-
itary adenomas, our results support that 
CD151 is a plausible target for pituitary adeno-
mas. Thus, the combination of anti-CD151 
monoclonal antibodies, surgery, radiation, and 
chemotherapy might significantly improve the 
prognosis of pituitary adenomas.

Acknowledgements

This work was supported by Anhui Provin- 
cial Natural Science Foundation (1408085- 
QH169), Anhui Provincial College Key Foun- 
dation for Outstanding young talent (gxy-
qZD2016172), The Provincial College Quality 
Project for Anhui Province (2016jxtd127) and 
Anhui Province College students’ innovation 
and entrepreneurship training plan Foundation 
(201510368038).

Disclosure of conflict of interest

None.

Address correspondence to: Bangbao Tao, Depart- 
ment of Neurosurgery, Xinhua Hospital, Shanghai 
Jiaotong University, Shanghai 200092, China. 
E-mail: taobangbao@xinhuamed.com.cn; Yun Hong, 
Department of Ultrasonic Medicine, Yijishan 
Hospital, Wannan Medical College, Wuhu 241001, 
China. E-mail: 738521148@qq.com

References

[1] Ezzat S, Asa SL, Couldwell WT, Barr CE, Dodge 
WE, Vance ML, McCutcheon IE. The prevalence 
of pituitary adenomas: a systematic review. 
Cancer 2004; 101: 613-9.

[2] Asa SL. Practical pituitary pathology: what 
does the pathologist need to know? Arch 
Pathol Lab Med 2008; 132: 1231-40.

[3] Hashimoto N, Handa H, Yamashita J, Yamaga-
mi T. Long-term follow-up of large or invasive 
pituitary adenomas. Surg Neurol 1986; 25: 
49-54.

[4] Berditchevski F. Complexes of tetraspanins 
with integrins: more than meets the eye. J Cell 
Sci 2001; 114: 4143-51.

[5] Zoller M. Tetraspanins: push and pull in sup-
pressing and promoting metastasis. Nat Rev 
Cancer 2009; 9: 40-55.

[6] Zoller M. Gastrointestinal tumors: metastasis 
and tetraspanins. Z Gastroenterol 2006; 44: 
573-86.

[7] Copeland BT, Bowman MJ, Ashman LK. Genet-
ic ablation of the tetraspanin CD151 reduces 
spontaneous metastatic spread of prostate 
cancer in the TRAMP model. Mol Cancer Res 
2013; 11: 95-105.

[8] Tokuhara T, Hasegawa H, Hattori N, Ishida H, 
Taki T, Tachibana S, Sasaki S, Miyake M. Clini-
cal significance of CD151 gene expression in 
non-small cell lung cancer. Clin Cancer Res 
2001; 7: 4109-14.

[9] Haeuw JF, Goetsch L, Bailly C, Corvaia N. Tet-
raspanin CD151 as a target for antibody-based 
cancer immunotherapy. Biochem Soc Trans 
2011; 39: 553-8.

[10] Detre S, Saclani Jotti G, Dowsett M. A “quicks-
core” method for immunohistochemical semi-
quantitation: validation for oestrogen receptor 
in breast carcinomas. J Clin Pathol 1995; 48: 
876-8.

[11] Kumari S, Devi Gt, Badana A, Dasari VR, Malla 
RR. CD151-A striking marker for cancer thera-
py. Biomark Cancer 2015; 7: 7-11.

[12] Mosig RA, Lin L, Senturk E, Shah H, Huang F, 
Schlosshauer P, Cohen S, Fruscio R, Marchini 
S, D’Incalci M, Sachidanandam R, Dottino P, 
Martignetti JA. Application of RNA-Seq tran-
scriptome analysis: CD151 is an invasion/mi-
gration target in all stages of epithelial ovarian 
cancer. J Ovarian Res 2012; 5: 4.

mailto:738521148@qq.com


CD151 in pituitary adenomas

1545 Int J Clin Exp Pathol 2018;11(3):1538-1545

[13] Yang XH, Richardson AL, Torres-Arzayus MI, 
Zhou P, Sharma C, Kazarov AR, Andzelm MM, 
Strominger JL, Brown M, Hemler ME. CD151 
accelerates breast cancer by regulating alpha 
6 integrin function, signaling, and molecular 
organization. Cancer Res 2008; 68: 3204-13.

[14] Gesierich S, Paret C, Hildebrand D, Weitz J, 
Zgraggen K, Schmitz-Winnenthal FH, Horejsi V, 
Yoshie O, Herlyn D, Ashman LK, Zöller M. Colo-
calization of the tetraspanins, CO-029 and 
CD151, with integrins in human pancreatic ad-
enocarcinoma: impact on cell motility. Clin 
Cancer Res 2005; 11: 2840-52.

[15] Chien CW, Lin SC, Lai YY, Lin BW, Lee JC, Tsai 
SJ. Regulation of CD151 by hypoxia controls 
cell adhesion and metastasis in colorectal can-
cer. Clin Cancer Res 2008; 14: 8043-51.

[16] Ang J, Lijovic M, Ashman LK, Kan K, Frauman 
AG. CD151 protein expression predicts the 
clinical outcome of low-grade primary prostate 
cancer better than histologic grading: a new 
prognostic indicator? Cancer Epidemiol Bio-
markers Prev 2004; 13: 1717-21.

[17] Hashida H, Takabayashi A, Tokuhara T, Hattori 
N, Taki T, Hasegawa H, Satoh S, Kobayashi N, 
Yamaoka Y, Miyake M. Clinical significance of 
transmembrane 4 superfamily in colon cancer. 
Br J Cancer 2003; 89: 158-67.

[18] Chattopadhyay N, Wang Z, Ashman LK, Brady-
Kalnay SM, Kreidberg JA. alpha3beta1 integ-
rin-CD151, a component of the cadherin-
catenin complex, regulates PTPmu expression 
and cell-cell adhesion. J Cell Biol 2003; 163: 
1351-62.

[19] Scales TM, Jayo A, Obara B, Holt MR, Hotchin 
NA, Berditchevski F, Parsons M. alpha3beta1 
integrins regulate CD151 complex assembly 
and membrane dynamics in carcinoma cells 
within 3D environments. Oncogene 2013; 32: 
3965-79.

[20] Novitskaya V, Romanska H, Kordek R, Potems-
ki P, Kusinska R, Parsons M, Odintsova E, Ber-
ditchevski F. Integrin alpha3beta1-CD151 
complex regulates dimerization of ErbB2 via 
RhoA. Oncogene 2014; 33: 2779-89.

[21] Wang F, Shu K, Lei T, Xue D. The expression of 
integrinbeta1 and FAK in pituitary adenomas 
and their correlation with invasiveness. J 
Huazhong Univ Sci Technolog Med Sci 2008; 
28: 572-5.

[22] Farnoud MR, Veirana N, Derome P, Peillon F, Li 
JY. Adenomatous transformation of the human 
anterior pituitary is associated with alterations 
in integrin expression. Int J Cancer 1996; 67: 
45-53.

[23] Matsumoto N, Morine Y, Utsunomiya T, Imura 
S, Ikemoto T, Arakawa Y, Iwahashi S, Saito Y, 
Yamada S, Ishikawa D, Takasu C, Miyake H, 
Shimada M. Role of CD151 expression in gall-
bladder carcinoma. Surgery 2014; 156: 1212-
7.

[24] Shiomi T, Inoki I, Kataoka F, Ohtsuka T, Hashi-
moto G, Nemori R, Okada Y. Pericellular activa-
tion of proMMP-7 (promatrilysin-1) through in-
teraction with CD151. Lab Invest 2005; 85: 
1489-506.

[25] Kohno M, Hasegawa H, Miyake M, Yamamoto 
T, Fujita S. CD151 enhances cell motility and 
metastasis of cancer cells in the presence of 
focal adhesion kinase. Int J Cancer 2002; 97: 
336-43.

[26] Scott AM, Wolchok JD, Old LJ. Antibody therapy 
of cancer. Nat Rev Cancer 2012; 12: 278-87.


