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Abstract Objective To use phage display technique to screen for small polypeptides that specifically bind to MDA-
MB-468 cells.
Methods A random heptapeptide phage display library was used for in vitro screening against target 
MDA-MB-468 cells. SC1180 cells were used for subtractive selection. High-affinity phage DNA was 
extracted, and peptides were sequenced. 
Results (1) The original library capacity of the polypeptide library was 2 × 1013 pfu/mL, and phage 
titer was determined over 4 rounds. The average library capacity was 1.8 × 1013 pfu/mL. (2) Subtractive 
screening showed that the phage library volume of each round was 1.8 × 1012 pfu/mL, and that there was an 
enrichment effect in each subsequent round. Screening was stopped after the fourth round. (3) PCR results 
showed that the size of 39 products (78.0%) and 11 products (22%), were 300 bp and 258 bp, respectively. 
Thirty positive phages were selected for DNA extraction and sequencing, and the corresponding amino acid 
sequence was LMTRXSK. The sequence had no homology with known genes or proteins.
Conclusion Using the phage display technique, we identified that the short polypeptide, LMTRXSK, 
specifically binds MDA-MB-468 human breast cancer cells.
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Breast cancer occurs primarily in women 
(approximately 99% of cases) and is caused by malignant 
tumors in the epithelial tissue of the breast. In situ breast 
cancer is not fatal, but cancer cells can aberrantly alter 
their surrounding networks and can spread through the 
whole body through vascular or lymphatic channels [2–3]. 
Treatments can be targeted at the cellular or molecular 
levels, targeting known carcinogenic sites. This is 
advantageous in killing only cancer cells, and can avoid 
toxic side effects from traditional radiotherapy and 
chemotherapy methods [4–5]. Therefore, identification of 
target sites in cancer tissues has become an important topic 
in cancer therapy research. To explore targeted therapy 
for breast cancer, we used phage display technology to 
screen for small molecular polypeptides that specifically 
bind to MDA-MB-468 human breast cancer cells.

Materials and methods

Cell lines and main reagents
Human breast cancer cells (MDA-MB-468) and wild-

type human breast cells (SC1180) were purchased from 
Kingsley Biotechnology Co. Ltd (USA). Phage display 
heptapeptide library kit was purchased from New 
England Biolabs (NEB, USA). M13 phage single-strand 
DNA rapid extraction kit was purchased from Booxis 
(Tianjin) Biotechnology Co. Ltd (China). Dulbecco’s 
Modified Eagle Medium (DMEM), Dulbecco’s phosphate 
buffered saline (DPBS), and HEP were purchased from 
Gibco-BRL (USA). PCR primers were synthesized by 
Shanghai Yingjun Biotechnology Co. Ltd (China).

In vitro screening of phage display 
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heptapeptide library
MDA-MB-468 and SC1180 cells were cultured in 

DMEM medium containing 10% fetal bovine serum (FBS) 
in culture dishes treated with poly-lysine. MDA-MB-468 
cells were incubated with bovine serum albumin (BSA) 
solution for 1 h. Then, phage was added to display the 
heptapeptide library, and the phage was eluted with 0.2 
M glycine. The eluent was moved into the cell culture 
dish containing SC1180 cells. After 1 h, the supernatant, 
which now contained the screened phage, was purified 
by polyethylene glycol (PEG) method, and was used in 
the next round of screening. In the second, third and 
fourth rounds, incubation time of peptide library and 
MDA-MB-468 cells was reduced to 40 min, 30 min, 
and 20 min, respectively. Adsorption time of eluent and 
SC1180 cells was increased to 70 min, 90 min, and 105 
min, respectively.

PCR amplification of phage DNA
The volume of the screened products in the fourth 

round were 20 L. The metal bath was centrifuged for 
3 min after 10min. The supernatant (1 L) was used as 
the template. The PCR mixture contained: 0.5 L dNTP 
(concentration 10 mmol/L), 0.25 L DNA polymerase 
(5 U/L), 2.5 L reaction buffer, 1 L upstream primer, 
1 L downstream primers, and 1 L DNA template. PCR 
conditions were: (1) 94°C for 2 min, (2) 30 cycles of 56°C 
for 30 s, 94°C for 30 s, 68°C for 30 s, (3) 68°C for 5 min.

Sequencing of phage clones
Nucleic acids were extracted with the positive 

clone kit. DNA was sequenced by Shanghai Yingjun 
Biotechnology Co. Ltd. (China) using the 96 g primer, 
5’-hoccctcatagttagcgtaacg-3’. Homology of polypeptide 
sequences with known protein sequences was analyzed 
using NCBI BLAST website.

Results

Phage polypeptide library 
capacity determination

The original library capacity of the polypeptide library 
was 2 × 1013 pfu/mL, and phage titer was determined over 
4 rounds of screening. The average library capacity was 
1.8 × 1013 pfu/mL, shown in Fig. 1.

Phage peptide library enrichment effect
Cancerous MDA-MD-468 cells were used as the target 

cells, while the wild-type SC1180 cells were used to 
adsorb phages for subtraction selection. Phage library in 
each round was maintained at 1.8 × 1012 pfu/mL, and an 
enrichment effect was observed in each subsequent round. 

By the fourth round, there was no significant difference 
from the third round, so the screening was suspended. 
Phage enrichment in breast cancer cells increased by 
approximately 51 times (Table 1).

PCR amplification of phage DNA
The sizes of 39 products (78.0%) and 11 products 

(22%), were 300 bp and 258 bp, respectively (Fig. 2).

Sequence analysis of positive phage DNA 
Thirty positive phages were selected for DNA extraction 

and sequencing. DNA sequences were analyzed with 
Chromas software. The DNA sequence translated to the 
amino acid sequence, LMTRXSK. The sequence showed 
no homology with known genes and proteins (Fig. 3).

Table 1  Recycling amount and enrichment effect of 4 rounds of selection

Times Inputs
(pfu)

Recycled
(pfu) The recovery rate Enrichment of

multiple
1 1.8 × 1012 4.0 × 105 2.22 × 10-7 –
2 1.8 × 1012 2.5 × 106 1.39 × 10-6 6.3
3 1.8 × 1012 1.7 × 107 9.44 × 10-6 6.8
4 1.8 × 1012 2.0 × 107 1.11 × 10-5 1.2

Fig. 1 Phage titer determination.  (a) Phage titer determination after 
the first round of screening; (b) Phage titer determination after the fourth 
round of screening

Fig. 2 PCR electrophoresis of bacteriophage DNA
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Discussion

Increasing incidence of cervical spondylosis, malignant 
tumors, cardiovascular disease, and cerebrovascular 
disease in women correlates with increasing undertaking 
of high-pressure roles in society [6–7]. Breast cancer is 
caused by one of the most common types of malignant 
tumors in women. In some regions in the world, the 
incidence of breast cancer is second only to lung cancer, 
but the fatality rate ranks first among malignant tumors 
[8]. Compared to Europe and America, the incidence of 
breast cancer in China is higher, however, the cure rate 
is lower. The survival rate of patients has improved 
due to advancements in surgical techniques and 
chemotherapy regimens. However, there have been no 
recent breakthroughs in improving patient survival [9–10]. 
Therefore, more research is being focused on looking for 
targeted therapies with stronger specificity and fewer 
side effects.

Phage display is an experimental technique in which 
peptides are displayed on the phage surface, and the target 
peptides are then extracted and isolated [11]. A variety of 
malignant tumor-targeting peptides have been validated, 
and have been used in early diagnosis or targeted treatment 
of malignant tumors [12]. Phage display is an experimental 
technique in which peptides are displayed on the phage 
surface and the target peptides are extracted and isolated 
[13]. In this study, MDA-MB-468 breast cancer cells were 
targeted, and wild-type SC1180 cells were selected as 
adsorption cells to screen for specific peptides that bind 
human breast cancer cells. After four rounds of screening, 
phage enrichment in breast cancer cells increased by 
about 51 times, indicating that phage specifically bound 
to MDA-MB-468 was enriched. DNA extraction and 
sequencing of 30 positive phages revealed that the amino 
acid sequence of the peptide was LMTRXSK.

In conclusion, this study used phage display technology 
to screen and identify a small molecule polypeptide, 

LMTRXSK, that can specifically bind to MDA-MB-468 
human breast cancer cells. This may be a potential 
candidate for breast cancer diagnosis and targeted therapy.
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