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[ Abstract] Background and objective Non-small cell lung cancer (NSCLC) is the most common histological
type of lung cancer, and one of the malignant tumor with the highest mortality. As the main part of the optical molecular
imaging probe, peptide can realize the early screening and diagnosis of tumor and improve the survival rate of patients.
The aim of this study was to screen the small-molecule peptide that highly binds to NSCLC NCI-H1299 cells using in vivo
phage display technology and to identify their binding specificity by in vitro experiment. Methods To prepare a tumor-
bearing nude mouse model of NCI-H1299 cells, after 3 rounds of in vivo screening with Ph.D.-C7CTM Peptide Library,
phage clones were randomly picked, using immunohistochemistry and enzyme-linked immunosorbent assay (ELISA)
to identify the affinity of phage clones to NCI-H1299 cells. The positive monoclonal phages DNA was extracted and
sequenced to obtain the amino acid sequence of the peptides. The peptides with the highest repetition rate was chemi-
cally synthesized and labeled with fluorescein (FITC) to prepare optical molecular probe. We preliminary identified the
specificity of the probe binding to lung cancer cells by in vitro experiment. Results After three rounds of in vivo screening,
the phages enrichment rate was 341.3 times compared with the first round. Immunohistochemical staining showed that
with the increase of screening times, the phages binding to tumor tissues continued to increase, and the binding amount

was significantly higher than normal tissues; ELISA results showed that 20 clones among the 30 randomly selected phage
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clones were positive. After sequencing, the peptide with the highest repetition rate was synthesized and named NSP1;

Methyl thiazolyl tetrazolium assay (MTT) and would healing assay showed that NSP1 will not affect cell proliferation and

migration. Flow cytometry and immunofluorescence showed specific binding of NSP1 to NCI-H1299 cells. Conclusion

We successfully obtained the peptide NSP1 that specifically binds to lung cancer NCI-H1299 cells by in vivo phage dis-

play, which provide a theoretical basis for NSCLC early diagnosis and targeted therapy.

[ Key words ] Phage display technology; Lung neoplasms; NCI-H1299 cells; Specific binding peptide
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Tab 1 Enrichment effect of in vivo screening on specific phage clones

Panninground  Tumor quality (g) Input phages (pfu)  Elution phages (pfu) Recovery rate Enrichment times

[(elution/input)/quality]

1 0.48 2.0x10" 1.0x10* 1.042X10¢
2 0.42 2.0X10" 3.5X10° 4.167X10° 3.999-fold
3 0.45 2.0X10" 3.2X10° 3.556%x10+ 341.3-fold

xR2 PAEERERETESHIERFY
Tab 2 Repeat amino acid sequence of positive monoclonal phages

Phage clones (S/P>2.5) Sequence Repeat times
P1,P7,P14, P22 CTXESXGTC 4
P3, P12 CEXAYXYSC 2
P9, P20 CPXYKXMLC 2
P25 CTXSIXWSC 1
A B
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Round 1 Round 2 Round 3

Phage clones (P1-P30)
B 1 WEARRREAEAGE, A: NC-H129948MFEERRE, B: 3RIKATMIZEMBALEEREE, C: ELISAHIN 85 EREREMT,
Fig 1 In vivo phage display. A: NCI-H1299 tumor-bearing nude mouse model; B: Tumor phage titers of three rounds of in vivo screening; C: ELISA de-

tection of monoclonal phage affinity. ELISA: enzyme-linked immunosorbent assay.
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Fig 2 Pathological images. A: Phage content of tumor tissues in three rounds of screening (bar=100 u m); B: Immunohistochemical identification of
phage distribution in vivo (bar=100 um), from left to right are the staining images of tumor tissue, heart, lung, liver, kidney in the third round of

screening. The first line is HE staining, and the second line is IHC staining. IHC: immunochemistry.
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Fig 3 Structure and purity of fluorescent probe. A: FITC-NSP1 molecular structure; B: HPLC to identify the purity of FITC-NSP1. HPLC: high perfor-
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Tab 3 Flow cytometry detects the binding specificity of fluorescent probes to different cells

Cell lines Test times Percentage of labeled cells (%)

FITC-NSP1 FITC-svNSP1
NCI-H1299 5 70.54%2.15% 7.22+0.36
A549 5 41.86%1.63 -
Bcap-37 5 8.73%+0.55 -
EJ 5 7.89+0.77 -
HUVEC 5 7.50%0.47 -

“indicates that compared with other cells, the percentage of NCI-H1299 cells labeled with FITC-NSP1 was significantly higher than other cells
(P<0.001). 2indicates that compared with the FITC-svNSP1, the percentage of FITC-NSP1 labeled NCI-H1299 cells increased significantly (P<0.001).

A B
1.5 1 == FITC-NSP1 1101
£3 FITC-svNSP1 : —- FITC-NSPI
& PBs 1054 -= FITC-svNSP1
o 101 - —— PBS
g £ 1.00-
(@] )
0.5 > 0954
S
0.90
0- 0851l , ,
25 50 75 100 6h 12h  24h  48h
Concentration (umol/L) Time
C
S
£ 100+
Control g — Control
g g0l mm FITC-NSP1
g B3 FITC-svNSP1
5 604
o
FITC-NSP1 2 4.
F
< 201
T
: 3 o
FITC-svNSP1 2 24 h 36h
Time
0h 24h 36h
B 4 KRR ITMAIEE. TBHOZM. A: MTTIRNFRIRER IR AEEERZN; B: SOLRIHMEAMMRERKMEZR, C MEIREEEN

ARG FTAAREB RE B (P>0.05) .

Fig 4 The effect of fluorescent probe on cell proliferation and migration. A: MTT detects the effect of different concentrations of fluorescent probes

on cell proliferation; B: Cell growth curve graph of fluorescent probe action; C: The migration ability of cells was measured by wound healing (P>0.05).

MTT: methyl thiazolyl tetrazolium assay.
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Tab 4 Cellularimmunofluorescence detects the fluorescence intensity of fluorescent probes combined with different cells

Fluorescent probe Fluorescence intensity

NCI-H1299 A549 Bcap-37 EJ
FITC-NSP1 103.553£8.412*% 70.267+5.493 14.152£1.095 11.721%£3.509
FITC-svNSP1 9.6531+0.880 12.468+2.028 7.819%+0.602 6.335%1.023

“indicates that the fluorescence intensity of the target peptide FITC-NSP1 combined with NCI-H1299 cells is significantly higher than that of other
cells (P<0.001); 2indicates that the fluorescence intensity of the binding of FITC-NSP1 to NCI-H1299 cells is significantly higher than that of the
FITC-svNSP1 (P<0.001).

A s
2
8 2 S 8 2 3
g s = 2 g
. 2 b 2 g 8 2
£ 3 EIRS - g 2 2 2
2 < ER s 2 £ g £ 8 2 8
s 2 3 3 g = s 2 R
2 O o o o [CRie R 5
B 8 & g ° g ¢ &
3
g 8 g g g g
ST o e 10 o B T (R T TR ° - < <
g : g g " 1 L. 1 1ot EITI CTE IT Tt 3 . 3
FITC FITC FITC L Sl o qor oot Sl Tor oo Tor
FITC mc FITC
Marker Events %Gated Mean Median _ Marker Events %Gated Mean Median Marker Events %Gated Mean Median . . y
—Marker Events %Gated Mean Median Marker Events %Gated Mean Median Marker Events 9%Gated Mean Median Marker Events %Gated Mean Median
All 20014 100% 71.74 52.33 Al 20036 100% 4290 3051 Al 20012 100% 9.7 7.77 Al 20006 100% 7.65 6.26 AT 20028 100% 7.56 626 AT 20029 100% 7.17 626
FITC-NSP14NCI-H1299 FITGNSP1+AS49 FITC-NSP1+Bcap37 FITC-NSP14EJ FITC-NSP1-+HUVEC FITC-sYNSP1+NCI-H1299
B FITC DAPI Merge ¢ FITC DAPI Merge
FITC-svNSP1
Bcap37

EJ

5 RARHHMBRELESERE. A RRARARKMFITC-NSP1SFITC-svNSP1ARE R R ABAIFRIEE L, B: A %REHLEMFITC-NSP15 R E4H
BB &ETER, C. FITC-NSPT5SFITC-svNSP143 81 5NCI-H12994 MR %5 & 48 F1 (bar=100 um) .

Fig 5 Specific binding identification of fluorescent probes. A: Flow cytometry to detect the positive percentage of FITC-NSP1 and FITC-svNSP1 la-
beled different cells; B: Cellular immunofluorescence to detect the binding of FITC-NSP1 to different cells; C: The binding ability of FITC-NSP1 and
FITC-svNSP1 to NCI-H1299 cells, respectively (bar=100 um).
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