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by preventing angiogenesis. Increased focal adhesion kinase (FAK) expression may promote tumor

progression and metastasis by stimulating the proliferation of cancer cell and angiogenesis.

[ET9TEATE This study aimed to investigate the effects of peptides derived from Canstatin and Tumstatin

on breast tumor growth in an animal model and on the expression of FAK in tumor tissue.

[VETELEE Tumors were induced in mice by injecting 4T1 cell lines into their flank. The treatment groups

were injected intraperitoneally with 5 mg/kg/day of the peptides for 12 days, while the control group

received an equal volume of buffer. Tumor sizes were measured, and tumor volume was calculated

using the formula v=(the smallest diameter)?x(the largest diameter)x0.52. Ultimately, the tumors were

removed, and ribonucleic acid (RNA) was extracted from the tissues. Complementary DNA (cDNA)

synthesis was performed using primers designed for the GAPDH gene as a reference gene, FAK, and the

polymerase chain reaction (PCR) method was employed. Gene expression was measured using reverse

transcription-PCR (RT-PCR) and ACT calculation for treatment and control samples.

: [HE The peptides derived from Canstatin and Tumstatin inhibited tumor growth by 51% and

Keywords: 49%, respectively, compared to the control group (P<0.05). Additionally, these peptides reduced FAK

Antiangiogenesis, © expression by 69% and 67%, respectively, compared to the control (P<0.05).

Antitumor, Collagen [T The present study confirmed the antitumor effects of these peptides and demonstrated that
IV, Focal adhesion FAK expression reduction in tumors may be one of their antiangiogenic and anticancer mechanisms. The
kinase (FAK) © present results may aid in the design of new anticancer peptide drugs.
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Extended Abstract

Introduction

anstatin and Tumstatin are endogenous an-

giogenesis inhibitor proteins derived from

the a2 and a3 chains of collagen IV, respec-

tively. They significantly prevent angiogen-

esis and tumor growth in vitro and animal
models [13]. Two overlapping peptides from Tumstatin,
T3 (amino acids 69-88) and T7 (amino acids 74-98), are
more potent than other fragments [14]. Since short pep-
tides may have advantages over longer ones in certain
aspects, such as more convenient synthesis, we recently
compared the antiangiogenic and antitumor activities of a
9-amino acid peptide derived from Tumstatin (amino ac-
ids 78-86) with its corresponding sequence in Canstatin.
The results showed that both peptides significantly inhib-
ited proliferation, migration, and vascular tube forma-
tion in endothelial cells, as well as colon tumor growth
in mice.

Focal adhesion kinase (FAK) is a cytoplasmic tyro-
sine kinase that is overexpressed and activated in several
solid cancers, promoting tumor progression and metas-
tasis. FAK controls cell motility, invasion, survival, and
self-renewal of cancer stem cells [18]. FAK messenger
ribonucleic acid (mRNA) levels are increased in several
tumor types and inversely correlated with overall patient
survival. Given the importance of FAK in the growth of
cancer cells and clarification of the antitumor mechanism
of peptides derived from Tumastatin (peptide T) and
Canstatin (peptide C), this study aimed to investigate the
effect of these peptides on breast tumor growth in mice
and the expression of F4K in tumor tissue. No study has
investigated the effect of peptides derived from these pro-
teins on FAK expression. The present study sheds light on
another aspect of their mechanism of action.

Methods

Peptides were synthesized by Shine Gene Biotechnol-
ogy Inc. (Shanghai, China) with the amino acid sequence
+3HN-LYCNPGDVC-COO- for peptide C and +3HN-
LFCNVNDVC-COO- for peptide T.

A suspension containing 5x10° 4T1 cells (a metastatic
breast cell line) was injected s.c. into the right flank of
mice. When the tumor volume reached approximately
200 mm?, tumor-bearing mice were randomly divided
into control and treatment groups (n=3) and received
phosphate-buffered saline (PBS) and 5 mg/kg/day of pep-
tides (i.p. injection), respectively, for twelve days. Tumor
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dimensions were measured, and tumor volumes were cal-
culated using the Equation 1:

1. v=2a?xbx0.52,

where a is the smallest and b is the largest tumor diam-
eter. Data were represented as Mean+SE.

RNA was extracted from tumor tissues according to the
manufacturer’s protocol. The primers required for the am-
plification of FAK and GAPDH genes (Table 1) were de-
signed using this software. The Pars Toos kit was used for
Complementary DNA (cDNA) synthesis. For real-time
polymerase chain reaction (PCR), appropriate volumes of
Mastermix, cDNA, and primers were mixed and brought
up to 20 pL with sterile double-distilled water. The four-
step PCR was programmed as follows: A 15-minute hold-
ing step at 95 °C, an initial 30-second denaturation step at
95 °C, a 30-second annealing step at 65 °C, and a 30-sec-
ond extension step at 72 °C. All programs were run with at
least three independent cDNA samples. Finally, the cycle
threshold (CT) values of genes in the treated and control
samples were calculated. The CT of the FAK was sub-
tracted from the CT of the GAPDH, and the ACT value
was obtained for the treated and control samples. The
relative expression graph was displayed based on 2-4CT,
Data were represented as Mean+SE. Statistical signifi-
cance was set at P<0.05.

Results

Peptides C and T prevented tumor growth by 51% and
49%, respectively, compared to the control group (Fig-
ure 1) (P<0.05). However, the difference between the two
treatment groups was not significant. Peptides C and T
reduced FAK expression by 69% and 67%, respectively,
compared to the control group (P<0.05) (Figure 2). No
significant difference was observed between the effects of
the two peptides on FAK expression.

Conclusion

The present study showed that short antiangiogenic pep-
tides derived from collagen IV can inhibit breast tumor
growth in mice by approximately 50% and reduce the
expression of FAK, a crucial gene involved in the growth,
proliferation, and metastasis of cancer cells. Given the
anticancer effects of these peptides, which also have po-
tential applications in tumor diagnosis and targeted drug
delivery, further preclinical studies to determine their op-
timal dosage and toxicity would be beneficial.
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Table 1. Sequence of primers used in the RT-PCR

Gene Primer Primer Sequence RefSeq (nm)
Forward 5’-CCATGCCCTCGAAAAGCTATG-3’ 1553-1573
FAK
Reverse 5"-TGACGCATTGTTAAGGCTTCT-3" 1761-1781
Forward 5’-CAAGGTCATCCATGACAACTTTG-3’ 569-591
GAPDH
Reverse 5’-GTCCACCACCCTGTTGCTGTAG-3’ 1043-1064
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Figure 1. The effect of peptides derived from canstatin (C peptide) and tumestatin (T peptide) on breast tumor growth in mice
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Figure 2. The effect of peptides derived from canstatin (C peptide) and tumestatin (T peptide) on FAK gene expression in breast
tumor tissue
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13. High Performance Liquid Chromatography (HPLC)
14. Roswell Park Memorial Institute
15. Fetal Bovine Serum (FBS)
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25. Convection-Enhanced Delivery (CED)
26. Lewis lung carcinoma

27. Pentastatin

28. Small cell lung cancer
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31. Cell penetrating peptide (CPP)

FAK ol 521V 5395 51 it sty 31010 g silo; dabolé



http://journal.gums.ac.ir/index.php?&slct_pg_id=38&sid=1&slc_lang=fa

Winter 2026. Vol 34. Num 4

References

[1] Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA.
2024; 74(1):12-49. [DOI:10.3322/caac.21820] [PMID]

[2] Hida K, Maishi N, Matsuda A, Yu L. Beyond starving cancer:
Anti-angiogenic therapy. Journal of Medical Ultrasonics. 2024;
51(4):605-10. [DOI:10.1007/510396-023-01310-1] [PMID]

[3] Ansari MJ, Bokov D, Markov A, Jalil AT, Shalaby MN, Suksatan
W, et al. Cancer combination therapies by angiogenesis in-
hibitors; A comprehensive review. Cell Communication and
Signaling. 2022; 20(1):49. [DOI:10.1186/s12964-022-00838-y]
[PMID]

[4] Sarabi N, Chamani R, Assareh E, Saberi O, Asghari SM. Com-
bination therapy in cancer: doxorubicin in combination with
an n-terminal peptide of endostatin suppresses angiogenesis
and stimulates apoptosis in the breast cancer. International
Journal of Molecular and Cellular Medicine. 2023; 12(2):120.
[DOI:10.22088/1JMCM.BUMS.12.2.120] [PMID]

[5] Tan X, Yan Y, Song B, Zhu S, Mei Q, Wu K. Focal adhesion ki-
nase: From biological functions to therapeutic strategies.
Experimental Hematology & Oncology. 2023; 12(1):83.
[DOI:10.1186/540164-023-00446-7] [PMID]

[6] Chuang HH, Zhen YY, Tsai YC, Chuang CH, Hsiao M, Huang
MS, et al. FAK in Cancer: From mechanisms to therapeutic
strategies. International Journal of Molecular Sciences. 2022;
23(3):1726. [DOI:10.3390/ijms23031726] [PMID]

[7] Wang L, Wang N, Zhang W, Cheng X, Yan Z, Shao G, et al. Ther-
apeutic peptides: Current applications and future directions.
Signal Transduction and Targeted Therapy. 2022; 7(1):48.
[DOI:10.1038/s41392-022-00904-4] [PMID]

[8] Rehanandeh M, Salehi Z, Asghari SM. [In a caspase-and cas-
pase-9 mouse model, the effect of antiangiogenic peptides on
the expression of 3 4T genes with induced breast cancer with
Balb/c cell line 1 (Persian)]. Journal of Animal Environment.
2019; 11(4):83-8. [Link]

[9] Kaboudan F, Talesh Sasani S, Asghari SM. [The effect of a
VEGFB antagonist peptide on the expression level of miR-210
in a mouse model of breast cancer (Persian)]. Nova Biologica
Reperta. 2021; 8(1):13-9. [DOI:10.52547/NBR.8.1.13]

[10] Sharma K, Sharma KK, Sharma A, Jain R. Peptide-based
drug discovery: Current status and recent advances. Drug
Discovery Today. 2023; 28(2):103464. [DOI:10.1016/j.
drudis.2022.103464] [PMID]

[11] Bielajew BJ, Hu JC, Athanasiou KA. Collagen: Quantification,
biomechanics, and role of minor subtypes in cartilage. Na-
ture Reviews. Materials. 2020; 5(10):730-47. [DOI:10.1038/
s41578-020-0213-1] [PMID]

[12] Okada M, Yamawaki H. A current perspective of canstatin, a
fragment of type IV collagen alpha 2 chain. Journal of Phar-
macological Sciences. 2019; 139(2):59-64. [DOI:10.1016/].
iphs.2018.12.001] [PMID]

[13] Panka DJ, Mier JW. Canstatin inhibits Akt activation and induc-
es Fas-dependent apoptosis in endothelial cells. The Journal of
Biological Chemistry. 2003; 278(39):37632-6. [DOI:10.1074/
jbc.M307339200] [PMID]

Journal of
Guilan University of Medical Sciences

[14] Magnon C, Galaup A, Mullan B, Rouffiac V, Bouquet C, Bidart
JM, et al. Canstatin acts on endothelial and tumor cells via mi-
tochondrial damage initiated through interaction with alphav-
beta3 and alphavbeta5 integrins. Cancer Researchs. 2005;
65(10):4353-61. [DOI:10.1158/0008-5472.CAN-04-3536]
[PMID]

[15] He GA, Luo JX, Zhang TY, Hu ZS, Wang FY. The C-terminal
domain of canstatin suppresses in vivo tumor growth associ-
ated with proliferation of endothelial cells. Biochemical and
Biophysical Research Communications. 2004; 318(2):354-60.
[DOI:10.1016/j.bbrc.2004.04.038] [PMID]

[16] Sudhakar A, Boosani CS. Inhibition of tumor angiogenesis
by tumstatin: Insights into signaling mechanisms and implica-
tions in cancer regression. Pharmaceutical Research. 2008;
25(12):2731-9. [DOI:10.1007/511095-008-9634-z] [PMID]

[17] Maeshima Y, Yerramalla UL, Dhanabal M, Holthaus KA, Bar-
bashov S, Kharbanda S, et al. Extracellular matrix-derived pep-
tide binds to alpha(v)beta(3) integrin and inhibits angiogenesis.
The Journal of Biological Chemistry. 2001; 276(34):31959-68.
[DOI:10.1074/jbc.M103024200] [PMID]

[18] Eikesdal HP, Sugimoto H, Birrane G, Maeshima Y, Cooke VG,
Kieran M, et al. Identification of amino acids essential for the
antiangiogenic activity of tumstatin and its use in combination
antitumor activity. Proceedings of the National Academy of Sci-
ences of the United States of America. 2008; 105(39):15040-5.
[DOI:10.1073/pnas.0807055105] [PMID]

[19] Grafton KT, Moir LM, Black JL, Hansbro NG, Hansbro PM,
Burgess JK, et al. LF-15 & T7, synthetic peptides derived
from tumstatin, attenuate aspects of airway remodelling in
a murine model of chronic OVA-induced allergic airway dis-
ease. Plos One. 2014; 9(1):e85655. [DOI:10.1371/journal.
pone.0085655] [PMID]

[20] Chamani R, Talegani MH, Imanpour A, Khatami M. New in-
sights into short peptides derived from the collagen NC1 a1,
a2, and a3 (IV) domains: An experimental and MD simulations
study. Biochimica et Biophysica Acta. Proteins and Proteomics.
2022; 1870(4):140769. [DOI:10.1016/).BBAPAP.2022.140769]
[PMID]

[21] Motamedi F, Khatami M, Heidari MM, Azadeh M, Karami N.
Evaluation of the expression of LINCOO475 and FOXO1 genes
as tumor suppressor genes in breast cancer: correlation of bio-
informatics tools and experimental approaches. Gene Reports.
2024; 36:101980. [DOI:10.1016/).GENREP.2024.101980]

[22] Mohammadpanah M, Heidari MM, Khatami M, Hadadza-
deh M. Relationship of hypomethylation CpG islands in in-
terleukin-6 gene promoter with IL-6 mRNA levels in patients
with coronary atherosclerosis. Journal of Cardiovascular
and Thoracic Research. 2020; 12(3):214-21. [DOI:10.34172/
JCVTR.2020.37] [PMID]

[23] Kawaguchi T, Yamashita Y, Kanamori M, Endersby R, Bank-
iewicz KS, Baker SJ, et al. The PTEN/Akt pathway dictates the
direct alphaVbeta3-dependent growth-inhibitory action of an
active fragment of tumstatin in glioma cells in vitro and in vivo.
Cancer Research. 2006; 66(23):11331-40. [DOI:10.1158/0008-
5472.CAN-06-1540] [PMID]

Zamani F, et al. Effect of Collagen IV-derived Peptides on FAK Expression. J Guil Uni Med Sci. 2026; 34(4):438-453.



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21820
https://www.ncbi.nlm.nih.gov/pubmed/38230766
https://link.springer.com/article/10.1007/s10396-023-01310-1
https://www.ncbi.nlm.nih.gov/pubmed/37170042
https://biosignaling.biomedcentral.com/articles/10.1186/s12964-022-00838-y
https://www.ncbi.nlm.nih.gov/pubmed/35392964
https://ijmcmed.org/article-1-2144-en.html
https://pubmed.ncbi.nlm.nih.gov/38313376/
https://doi.org/10.1186/s40164-023-00446-7
https://www.ncbi.nlm.nih.gov/pubmed/37749625
https://doi.org/10.3390/ijms23031726
https://www.ncbi.nlm.nih.gov/pubmed/35163650
https://www.nature.com/articles/s41392-022-00904-4
https://www.ncbi.nlm.nih.gov/pubmed/35165272
https://aejournal.ir/index.php/AEJ/article/view/1689
https://nbr.khu.ac.ir/browse.php?a_id=3376&sid=1&slc_lang=en
https://www.sciencedirect.com/science/article/abs/pii/S1359644622004573?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S1359644622004573?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/36481586
https://www.nature.com/articles/s41578-020-0213-1
https://www.nature.com/articles/s41578-020-0213-1
https://www.ncbi.nlm.nih.gov/pubmed/33996147
https://www.sciencedirect.com/science/article/pii/S1347861318302202?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1347861318302202?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/30580971
https://linkinghub.elsevier.com/retrieve/pii/S0021925820833262
https://linkinghub.elsevier.com/retrieve/pii/S0021925820833262
https://www.ncbi.nlm.nih.gov/pubmed/12876280
https://aacrjournals.org/cancerres/article/65/10/4353/517938/Canstatin-Acts-on-Endothelial-and-Tumor-Cells-via
https://www.ncbi.nlm.nih.gov/pubmed/15899827
http://linkinghub.elsevier.com/retrieve/pii/S0006291X0400734X
https://www.ncbi.nlm.nih.gov/pubmed/15120609
https://link.springer.com/article/10.1007/s11095-008-9634-z
https://www.ncbi.nlm.nih.gov/pubmed/18551250
https://linkinghub.elsevier.com/retrieve/pii/S0021925819315066
https://www.ncbi.nlm.nih.gov/pubmed/11399763
https://www.pnas.org/doi/full/10.1073/pnas.0807055105
https://www.ncbi.nlm.nih.gov/pubmed/18818312
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085655
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0085655
https://www.ncbi.nlm.nih.gov/pubmed/24454912
https://linkinghub.elsevier.com/retrieve/pii/S1570963922000164
https://www.ncbi.nlm.nih.gov/pubmed/35151893
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Motamedi+F%2C+Khatami+M%2C+Heidari+MM%2C+Azadeh+M%2C+Karami+N.+Evaluation+of+the+expression+of+LINCOO475+and+FOXO1+genes+as+tumor+suppressor+genes+in+breast+cancer%3A+Correlation+of+bioinformatics+tools+and+experimental+approaches.+Gene+Reports+2024%3B+36%3A101980.&btnG=
https://jcvtr.tbzmed.ac.ir/Article/jcvtr-28733
https://jcvtr.tbzmed.ac.ir/Article/jcvtr-28733
https://www.ncbi.nlm.nih.gov/pubmed/33123328
https://aacrjournals.org/cancerres/article/66/23/11331/526482/The-PTEN-Akt-Pathway-Dictates-the-Direct-V-3
https://aacrjournals.org/cancerres/article/66/23/11331/526482/The-PTEN-Akt-Pathway-Dictates-the-Direct-V-3
https://www.ncbi.nlm.nih.gov/pubmed/17145879

Guilan University of Medical Sciences —

[24] Thevenard J, Floquet N, Ramont L, Prost E, Nuzillard JM,
Dauchez M, et al. Structural and antitumor properties of
the YSNSG cyclopeptide derived from tumstatin. Chemistry
& Biology. 2006; 13(12):1307-15. [DOI:10.1016/j.chembi-
0l.2006.10.007] [PMID]

[25] He GA, Luo JX, Zhang TY, Wang FY, Li RF. Canstatin-N frag-
ment inhibits in vitro endothelial cell proliferation and sup-
presses in vivo tumor growth. Biochemical and Biophysical Re-
search Communications. 2003; 312(3):801-5. [DOI:10.1016/].
bbrc.2003.11.003] [PMID]

[26] Lee E, Lee SJ, Koskimaki JE, Han Z, Pandey NB, Popel AS. In-
hibition of breast cancer growth and metastasis by a biomi-
metic peptide. Scientific Reports. 2014; 4:7139. [DOI:10.1038/
srep07139] [PMID]

[27] Barbhuiya MA, Mirando AC, Simons BW, Lemtiri-Chlieh G,
Green JJ, Popel AS, et al. Therapeutic potential of an anti-angi-
ogenic multimodal biomimetic peptide in hepatocellular car-
cinoma. Oncotarget. 2017; 8(60):101520-34. [DOI:10.18632/
oncotarget.21148] [PMID]

[28] Koskimaki JE, Karagiannis ED, Tang BC, Hammers H, Wat-
kins DN, Pili R, et al. Pentastatin-1, a collagen IV derived
20-mer peptide, suppresses tumor growth in a small cell
lung cancer xenograft model. BMC Cancer. 2010; 10:29.
[DOI:10.1186/1471-2407-10-29] [PMID]

[29] Sadremomtaz A, Kobarfard F, Mansouri K, Mirzanejad L, As-
ghari SM. Suppression of migratory and metastatic pathways
via blocking VEGFR1 and VEGFR2. Journal of Receptor and Sig-
nal Transduction Research. 2018; 38(5-6):432-41. [DOI:10.108
0/10799893.2019.1567785] [PMID]

[30] Schlaepfer DD, Ojalill M, Stupack DG. Focal adhesion kinase
signaling-tumor vulnerabilities and clinical opportunities. Jour-
nal of Cell Science. 2024; 137(14):jcs261723. [DOI:10.1242/
jcs.261723] [PMID]

[31] Levine AJ. p53: 800 million years of evolution and 40 years
of discovery. Nature Reviews. Cancer. 2020; 20(8):471-80.
[DOI:10.1038/s41568-020-0262-1] [PMID]

[32] Chamani R, Saberi O, Fathinejad F. An arresten-derived
anti-angiogenic peptide triggers apoptotic cell death in en-
dothelial cells. Molecular Biology Reports. 2024; 51(1):513.
[DOI:10.1007/5s11033-024-09448-y] [PMID]

[33] Chamani R, Zamani F. Novel anti-angiogenic peptide derived
from canstatin induces apoptosis in vitro and in vivo. Interna-
tional Journal of Peptide Research and Therapeutics. 2022;
28(5):149. [DOI:10.1007/s10989-022-10458-2]

[34] Gori A, Lodigiani G, Colombarolli SG, Bergamaschi G, Vi-
tali A. Cell Penetrating Peptides: Classification, mechanisms,
methods of study, and applications. ChemMedChem. 2023;
18(17):e202300236. [DOI:10.1002/cmdc.202300236] [PMID]

Zamani F, et al. Effect of Collagen IV-derived Peptides on FAK Expression. J Guil Uni Med Sci. 2026; 34(4):438-453.



http://journal.gums.ac.ir/index.php?slc_lang=en&sid=1
http://linkinghub.elsevier.com/retrieve/pii/S1074552106003863
http://linkinghub.elsevier.com/retrieve/pii/S1074552106003863
https://www.ncbi.nlm.nih.gov/pubmed/17185226
https://www.sciencedirect.com/science/article/abs/pii/S0006291X03023337?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0006291X03023337?via%3Dihub
https://www.ncbi.nlm.nih.gov/pubmed/14680836
https://doi.org/10.1038/srep07139
https://doi.org/10.1038/srep07139
https://www.ncbi.nlm.nih.gov/pubmed/25409905
https://doi.org/10.18632/oncotarget.21148
https://doi.org/10.18632/oncotarget.21148
https://www.ncbi.nlm.nih.gov/pubmed/29254183
https://doi.org/10.1186/1471-2407-10-29
https://www.ncbi.nlm.nih.gov/pubmed/20122172
https://doi.org/10.1080/10799893.2019.1567785
https://doi.org/10.1080/10799893.2019.1567785
https://www.ncbi.nlm.nih.gov/pubmed/30929546
https://doi.org/10.1242/jcs.261723
https://doi.org/10.1242/jcs.261723
https://www.ncbi.nlm.nih.gov/pubmed/39034922
https://www.nature.com/articles/s41568-020-0262-1
https://www.ncbi.nlm.nih.gov/pubmed/32404993
https://doi.org/10.1007/s11033-024-09448-y
https://www.ncbi.nlm.nih.gov/pubmed/38622345
https://link.springer.com/article/10.1007/s10989-022-10458-2
https://doi.org/10.1002/cmdc.202300236
https://www.ncbi.nlm.nih.gov/pubmed/37389978

This Page Intentionally Left Blank



