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 RESEARCH  PAPER 

Programmed cell death 1 (pd1) is an immune-inhibitory receptor that is 

expressesd in activated T cells. This gene may play a role in the inhibition of 

actual anti- microbial and anti-tumor immunity. In human, this gene is 

positioned located on the long arm of chromosome 2. This gene has contained 

many variations that three of them which are too more common. This study was 

aimed to investigate the influence of pd1.1, pd1.5, and pd1.9 variations on the 

function of pd1gene with based on a bioinformatics approach. In this study, the 

EPD and PROMO webserver was used to evaluate the pd1.1 variation as a 

promoter mutation. It has been detected in the promoter region by EPD, while 

the transcription factor arrangement was evaluated by the PROMO server. But, 

some bioinformatics tools such as ProtScale – ExPASy and  Ramachandran plot  

assay web servers were used to evaluate the effects of codding polymorphisms. 

Obtained data from EPD showed that the promoter of pd1 contains 60 

nucleotides. Evaluation of upstream of pd1 revealed that the number of 

transcription factors could alter around the pd1.1 variation. With regard to the 

pd1.5 polymorphismpolymorphisms, the result showed that  it is considered as a 

synonymous variation, but the pd1.9 was knownconsidered as a 

nonsynonymous mutation. Thus, the pd1.9 could alter the hydrophobicity and 

Ramachandran plots of PD1. The pd1.5 mutation may impact the expression of 

the pd1gene. Bbecause it changes the transcription factor arrangement on the  

upstream of pd1. Also, the pd1.9 substitution could alter the hydrophobicity and 

Ramachandran plots of protein. 
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Introduction 

To recognizess a functional gene that stimulates programmed cell death, a research team (1) examined two 

cell lines: LyD9, a cell line that is a precursor to blood cells and develops apoptosis due to IL-3 deficiency. The 

second cell line was 2B4.11, a T-cell hybridoma and apoptotic by induction with ionomycin and phorbol 

myristate acetate. Since apoptosis required protein and RNA synthesis in both cells, reduction hybridization 

was used to detect genes essential for apoptosis (2). A cDNA library was prepared by resting cell LyD9 mRNA, 

and then pd1 cDNA was detected by specific probes (1). The amino acid sequence inferred from the pd1 gene 

showed that this protein is a type I transmembrane with a domain of IgV in the extracellular section. However, 

subsequent studies did not confirm the direct involvement of the pd1 gene in apoptosis (3). After that, the role 

of pd1 remained unknown (4). Subsequent studies have shown that mice with a defect in the pd1 gene (Pdcd1-/) 

develop lupus autoimmune disease (5, 6). 

In 1998, Nishimura et al., (5) reported a Pdcd1 -/- mouse model in which the exons encoding the 

PD1 transmembrane region were replaced by the neomycin resistance gene (3). However, previous analyzes 

have shown that pd1 is expressed in active B and T cells. However, Pdcd1 -/- mice did not show any severe 

immune phenotype. Subsequent complex analyzes showed that pd1 modulated the immune response in a 

negative direction. However, the exact mechanism for regulating pd1 remained unknown due to the lack of its 

ligands. In vivo studies in mice with defective pd1or pd-l1 genes have shown that pd1/pd-l1 interaction is a 

negative regulator of the immune response. The pd-l1 expression was demonstrated in human ovarian 

tumor cells. Experiments show that pd-l1 stimulates T cells to produce IL-10 (7). In contrast, another 

experiment showed that PD-L reduces PD-L1 T cell proliferation, IL-10, and IFN-cγ (8). The pd-l1 is found in a 

variety of cancer cell lines—treatment of cancer cell lines with IFN-cγ increases pd-l1 expression (9). 

Immunohistochemical analysis showed that pd-l1 is found in most human cancers (9). High expression of pd-l1 

in most cancer tissues showed that pd-l1/pd-1 interaction could invade cancer cells (10). In vivo studies have 

shown that blocking pd-l1 can increase immune cell memory. The pd-l1-expressing myeloma does not grow in 

mice with a pd1 gene defect but grows in healthy mice (10, 11). 

The pd1 gene is located on the long arm of chromosome 2 (2q37.3). This gene has five exons. Single 

nucleotide polymorphisms (SNPs) of this gene are very high, three used in this project. This study aimed to 

investigate the effect of pd1.1 (rs36084323), pd1.5 (rs2227981), and pd1.9 (rs2227982) polymorphisms on the 

function of the pd1 gene with a bioinformatics approach. 

 

Materials and Methods 

Selection of genetic variations 

Based on previous literature and considering the importance of single nucleotide polymorphisms of the 

pd1gene in the incidence and progression of various cancers, these variants were included in our study 

(rs36084323, rs2227981, and rs2227982). The position of each of them on the genome was determined. For this 

purpose, the polymorphism location on different regions of the gene was obtained from the National Center for 

Biotechnology Information database, and here it was determined whether these polymorphisms  are exon, 

intron, downstream, or upstream variations. It was then determined which adenine nucleotides, guanine, 

cytosine, and thymine were located at each polymorphic site. 

 

Pd1.1 genetic variation 

This polymorphism was identified as an upstream transcript variant. Thus this gene can affect gene 

expression as a promoter variety. Therefore, the servers used were online websites for evaluating gene 

expression. For example, the EPD server (https://epd.epfl.ch//index.php) was used to determine the exact 

position and sequence of the pd1gene promoter. Then, the exact position of pd1.1 polymorphism about the 

promoter was obtained. The list of transcription factors that bind to the polymorphic region before and after the 

mutation was then determined by PROMO software. 
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Evaluation of pd1.5 and pd1.9 genes mutations as a coding variation 

The variation pd1.5 (rs2227981) and pd1.9 (rs2227982) were determined as synonymous  and 

nonsynonymous coding sequence variation. The pd1.5 mutation could be used to analyze the protein structure, 

but since it is a silent mutation, it cannot mainly affect the enzyme's function. So authores of this study, cannot 

do more assessment on this mutation. However, the pd1.9 SNP is a missense variant that could affect the 

protein function and structure. For this purpose, the exact location of this SNP was determined on the protein 

sequence of pd1. Then the Expasy webserver was used to determine the effects of rs2227982 on the structure of 

the protein. Some protein properties such as hydrophobicity index and Ramachandran plots of protein were 

assessed before and after mutation by online web servers. 

 

Results 

Effects of pd1.1 gene variation on the promoter region of pd1 

The promoter region of the pd1 gene was deduced from the EPD database. This promoter consisted of 60 

nucleotides. The exact sequence of the pd1 promoter was as follows: 

gcgggcaccctcccttcaacctgacctgggacagtttcccttccgctcaCCTCCGCCTGA. The detailed characteristics of  this 

promoter are summarized in Figure 1. The obtained data from the PROMO web server revealed that the 

polymorphic region's transcription factor pattern is different for C and T phenotypes. As shown in Figure 2, the 

transcription factor for the C genotype is 22 whereas this ratio for the T genotype is 25 TFs. Therefore, this could 

influence gene transcription. 

 

 

Figure 1. Some properties of the pd1 gene. This gene also is known as PDCD1, and its full name is programmed 

cell death. The promoter sequence of this gene is also illustrated in the figure. 

 

 

Figure 2. PROMO results, the transcription factor for the C genotype is 22, whereas this ratio for the C genotype 

is 25; The colored boxes show a different transcription factor. 
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Assessment of two pd1.5 and pd1.9 genes variation 

Both pd1.5 and pd1.9 polymorphisms are in the coding sequence of pd1. The pd1.5 variation could be 

utilized to examine the protein structure, but since it is a synonymous mutation, it cannot generally influence 

the enzyme function. So authors of this study could not perform more evaluation on this variation. However, 

the pd1.9 variation is located on the coding sequence of pd1 as a nonsynonymous mutation. The entire protein 

sequence of pd1 was deduced from NCBI. This variation results in alanine to valine substitution at codon 214. 

The data from ProtScale – ExPASy revealed that the hydrophobicity changed due to alanine to valine mutation. 

This change can be due to the change like the amino acids because the two amino acids, alanine, and valine 

belong to two different families. 

 

 

Figure 3. Hydrophobicity plot. This chart shows that the Ala214Val mutation may alter the hydrophobicity 

around the mentioned variation (It has been shown in blue boxes). 

 

For drawing the Ramachandran plot, at first, the protein sequence of pd1 was deduced from NCBI, and then 

the location of mutation was determined on this sequence. Two sequences containing the mentioned SNPs were 

employed in the Phyre2 server. Therefore, the PDB structure was prepared for these two isoforms. Then these 

structures were analyzed by https://swift.cmbi.umcn.nl/servers/html/ramaplot.html webserver. The obtained 

data from the current study, showed that this polymorphism could change the Ramachandran plot (data was 

not shown). 

 

Discussion 

This study evaluated the effects of pd1.1, pd1.5, and pd1.9 mutations on pd1 gene function. The results 

showed that the pd1.1, an upstream variation, may influence the expression of pd1 by changing the 

transcription binding sites for various TFs. However, two pd1.5 and pd1.9 mutations are located on the coding 

sequence of pd1 and may impact the protein structure and function. It is found found that pd1.5 variation is a 

synonymous mutation that could not mainly influence the structure of pd1. However, the pd1.9 is a missense 

mutation that influences the hydrophobicity and Ramachandran plots of pd1. Therefore, two pd1.1 and pd1.9 

mutations could be functional SNPs. 

PD1 protein is a membrane protein containing 268 amino acids and is a member of the CD28/CTLA-4 family 

(T-cell regulators). It has an extracellular IgV domain with a transmembrane region that is accompanied by an 

intracellular tail. The intracellular tail has two tyrosine phosphorylation sites in a YXXL/I motif, so PD1 is 

considered a negative regulator of TCR. Its extracellular domain lacks the MYPPPY motif (an essential sequence 

for the binding of CTLA and CD28 bound to B7-1 and B7-2) (3, 12, 13). Recent data suggest that C-terminal 

tyrosine is located in an ITSM motif. The interaction of PD1 and BCR results in rapid phosphorylation of the Src 

homologous domain comprising tyrosine phosphatase 2 (SHP-2), which leads to dephosphorylation of key BCR 
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signals, including Iga/b and Syk. This activates PI3 K, PLCγ2, and ERK and, as a result, increases intracellular 

calcium (14, 15). 

The PD1 receptor was found in thymocytes and the transition phase from DN (CD4- CD8-) to DP (CD4+ 

CD8+) (16, 17) and mature B cells and T cells (9, 18). The pd1is also expressed in macrophages (17). Studies in 

mice with a defect in the pd1 gene have shown that the molecule acts as a reverse manager of immune 

responses. The mice's lack of pd1 leads to arthritis, glomerulonephritis, and cardiomyopathy (5, 6). Two types of 

ligands have been identified for pd1: pd-l1 (B7-H1) and pd-l2 (B7-DC) (8, 19). PD1 with PD-L1 or PD-L2 

negatively regulates cytokine production and T cell proliferation (20, 21). 

The pd-l1 and pd-l2 mRNA expression is found in ae wide variety of human and mouse tissues such as the 

heart, placenta, pancreas, lymph nodes, spleen, and thymus (22). However, it is not expressed in brain and 

kidney tissues. The level of expression in some tissues is so limited that it indicates the possibility of post- 

transcriptional adjustment. 

The expression levels of pd-l1 and pd-l2 in antigen-presenting cells (APCs) have been measured in various 

studies. Resting B cells and monocytes do not express pd-l1 and pd-l2 (23, 24), while pd-l2 is expressed only in 

inflammatory macrophages (25). Dendritic cells (DCs) express pd-l1 and pd-l2 only when stimulated (23, 26). 

Published data on the expression of pd-l1 and T cells, in addition to the Pd-1 receptor, could express the related 

ligands, especially following TCR stimulation, even in the absence of CD28 stimulation. The pd-l2 is not 

expressed in neutral T cells, and the current outcomes on the possibility of increasing their expression if the cell 

is stimulated are controversial (1, 9, 20, 27, 28). Expression of pd1and pd-l1 on activated T cells reinforces the 

hypothesis that T:T interaction via pd-1/pd-l1 may limit TCR signaling afterward triggering. However, there is 

little evidence of this. The effects of genetic modification on human phenotypes, abnormalities, and diseases 

have been reported in many reports (29, 30). 

 

Conclusion 

In this study, the effects of three common mutations of pd1have wisely been assessed to describe further its 

role in the risk of some disorders, especially in cancers. Based on obtained findings, the pd1.5 mutation as an 

upstream mutation could influence the expression properties of the pd1 gene. Because the mentioned 

polymorphism alters, the transcription factors plan on the promoter region of pd1. Also, the pd1.9 mutation is 

an exonic substitution and could influence protein function and structure because the  mentioned variation 

could change the hydrophobicity and Ramachandran plots of protein. Therefore, the mentioned mutations 

could be considered as genetic biomarkers for disease susceptibility. However, further experimental studies 

such as in vitro examinations are required to obtain more accurate outcomes. 

 

References 

1. Ishida M, Iwai Y, Tanaka Y, Okazaki T, Freeman GJ, Minato N, Honjo T. Differential expression of PD-L1 

and PD-L2, ligands for an inhibitory receptor PD-1, in the cells of lymphohematopoietic tissues. Immun lett 

2002; 84(1): 57-62. https://doi.org/10.1016/S0165-2478(02)00142-6 

2. Jin HT, Ahmed R, Okazaki T. Role of PD-1 in regulating T-cell immunity. Negative  co-receptors and 

ligands. 2010; 17-37. https://doi.org/10.1007/82-2010-116 

3. Agata Y, Kawasaki A, Nishimura H, Ishida Y, Tsubat T, Yagita H, Honjo T. Expression of the PD-1 antigen 

on the surface of stimulated mouse T and B lymphocytes. Int Immun 1996; 8(5): 765-772. 

https://doi.org/10.1093/intimm/8.5.765 

4. Ivansson EL, Juko-Pecirep I, Gyllensten UB. Interaction of immunological genes on chromosome 2q33 and 

IFNG in susceptibility to cervical cancer. Gynecol Oncol 2010; 116(3): 544-548. 

https://doi.org/10.1016/j.ygyno.2009.10.084 

https://srv2.freepaper.me/n/c90XybuTUdhAabtkTvpbug/PDF/bc/bc22a256007bcc32e9129d8df2a45eec.pdf
https://srv2.freepaper.me/n/c90XybuTUdhAabtkTvpbug/PDF/bc/bc22a256007bcc32e9129d8df2a45eec.pdf
https://doi.org/10.1016/S0165-2478(02)00142-6
https://doi.org/10.1007/82-2010-116
http://pdfs.semanticscholar.org/993c/b9b619158bbfd30fd4d9d415c4dcdebde3f1.pdf
http://pdfs.semanticscholar.org/993c/b9b619158bbfd30fd4d9d415c4dcdebde3f1.pdf
https://doi.org/10.1093/intimm/8.5.765
https://doi.org/10.1016/j.ygyno.2009.10.084


Roshandel et al.,                                                                                                           Cent Asian J Med Pharm Sci Innov 1(1): 28-34 (2021)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

33 

5. Nishimura H, Minato N, Nakano T, Honjo T. Immunological studies on PD-1 deficient mice: implication of 

PD-1 as a negative regulator for B cell responses. Int immunol 1998; 10(10): 1563-1572. 

https://doi.org/10.1093/intimm/10.10.1563 

6. Nishimura H, Nose M, Hiai H, Minato N, Honjo T. Development of lupus-like autoimmune diseases by 

disruption of the PD-1 gene encoding an ITIM motif-carrying immunoreceptor. Immunity 1999; 11(2): 141- 

151. https://doi.org/10.1016/S1074-7613(00)80089-8 

7. Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, Flies DB, Roche PC, Lu J, Zhu G, Tamada K, Lennon 

VA. Tumor-associated B7-H1 promotes T-cell apoptosis: a potential mechanism of immune evasion. Nat 

Med 2002; 8(8): 793-800. https://doi.org/10.1038/nm730 

8. Freeman GJ, Long AJ, Iwai Y, Bourque K, Chernova T, Nishimura H, Fitz LJ, Malenkovich N, Okazaki T, 

Byrne MC, Horton HF. Engagement of the PD-1 immunoinhibitory receptor by a novel B7 family member 

leads to negative regulation of lymphocyte activation. J Exp Med 2000; 192(7): 1027-1034. 

https://doi.org/10.1084/jem.192.7.1027 

9. Blank C, Brown I, Peterson AC, Spiotto M, Iwai Y, Honjo T, Gajewski TF. PD-L1/B7H-1 inhibits the effector 

phase of tumor rejection by T cell receptor (TCR) transgenic CD8+ T cells. Cancer Res 2004; 64(3): 1140-1145. 

https://doi.org/10.1158/0008-5472.can-03-3259 

10. Iwai Y, Ishida M, Tanaka Y, Okazaki T, Honjo T, Minato N. Involvement of PD-L1 on tumor cells in the 

escape from host immune system and tumor immunotherapy by PD-L1 blockade. Proc Natl Acad Sci 2002; 

99(19): 12293-12307. https://doi.org/10.1073/pnas.192461099 

11. Strome SE, Dong H, Tamura H, Voss SG, Flies DB, Tamada K, Salomao D, Cheville J, Hirano F, Lin W, 

Kasperbauer JL. B7-H1 blockade augments adoptive T-cell immunotherapy for squamous cell carcinoma. 

Cancer Res 2003; 63(19): 6501-6505. 

12. Shinohara T, Taniwaki M, Ishida Y, Kawaichi M, Honjo T. Structure and chromosomal localization of the 

human PD-1 gene (PDCD1). Genomics 1994; 23(3): 704-706. https://doi.org/10.1006/geno.1994.1562 

13. Ishida Y, Agata Y, Shibahara K, Honjo T. Induced expression of PD‐1, a novel member of the 

immunoglobulin gene superfamily, upon programmed cell death. EMBO J 1992; 11(11): 3887-3895. 

https://doi.org/10.1002/j.1460-2075.1992.tb05481.x 

14. D'Ambrosio D, Fong DC, Cambier JC. The SHIP phosphatase becomes associated with Fc gammaRIIB1 and 

is tyrosine phosphorylated during 'negative' signaling. Immunol Lett 1996; 54(2-3): 77-82. 

https://doi.org/10.1016/S0165-2478(96)02653-3 

15. Chemnitz JM, Parry RV, Nichols KE, June CH, Riley JL. SHP-1 and SHP-2 associate with immunoreceptor 

tyrosine-based switch motif of programmed death 1 upon primary human T cell stimulation, but only 

receptor ligation prevents T cell activation. J Immunol 2004; 173(2): 945-954. 

https://doi.org/10.4049/jimmunol.173.2.945 

16. Blank C, Brown I, Marks R, Nishimura H, Honjo T, Gajewski TF. Absence of programmed death receptor 1 

alters thymic development and enhances generation of CD4/CD8 double-negative TCR-transgenic T cells. J 

Immunol 2003; 171(9): 4574-4581. https://doi.org/10.4049/jimmunol.171.9.4574 

17. Nishimura H, Honjo T. PD-1: an inhibitory immunoreceptor involved in peripheral tolerance. Trends 

immunol 2001; 22(5): 265-268. https://doi.org/10.1016/S1471-4906(01)01888-9 

18. Carreno BM, Collins M. The B7 family of ligands and its receptors: new pathways for costimulation and 

inhibition of immune responses. Annu Rev Immunol 2002; 20(1): 29-53. 

https://doi.org/10.1146/annurev.immunol.20.091101.091806 

19. Latchman Y, Wood CR, Chernova T, Chaudhary D, Borde M, Chernova I, Iwai Y, Long AJ, Brown JA, 

Nunes R, Greenfield EA. PD-L2 is a second ligand for PD-1 and inhibits T cell activation. Nat Immunol 2001; 

2(3): 261-268. https://doi.org/10.1038/85330 

https://watermark.silverchair.com/101563.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAqswggKnBgkqhkiG9w0BBwagggKYMIIClAIBADCCAo0GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMIHOMkHkfmPtbA51GAgEQgIICXnT6H4n_kzTsYofufXL-7IbPt1w1ej0YwxOZROEsgF5KVjBWgAUbXwyBWaxf6ZE6pVEXLTvFD8ToKIfiBOglcE4Ij-dWg-CSCO22hEbEFtnlPFbVc_hpAv4_8QEH_lkK8ILoIDPF8wJLNlF9WeZW-oy_20gxsyG1xmY4JVi_5knNo61GwYQltKt_0kV1cb0rdBqDXpee6dLwM3w1URil4Q9Ooopu7Ue7VS5eNKJybD-52lc3u9n7673Hs8sMp8WF0mNNNm_p7FlcDry4iVP4q0UBk4uABFYeKb4-U7EAcKyWlHJd8P3leIn53DFt2Px9Lvdv_k0JrX08EBe7EVFzedYcDpHCyIcx6W46E1x9_F7MHiLVqOh7Gx4BCOJpca-Tv2c5L4acm2Pa6efVRyb2d_1rNn6udHeEgd9DpRmW2KWXylDU4e-CsJPGeYsF7hGv5Cz0WJ6PiwXr31Y4et_MZypNoo_hmzLrv8EHa5pUSGzDKVNrcfmMMX5C9HO7YD91b2mwMYS80C8V82BNWy2Kzie2QSk56qVuIMlrydeKijAyfz72TEaCkkFArlEmze33495l03cJc-MqJ25K0WPrqwi9i9cpWrSUJiOqCY9YE7-uymzlo59TKKq1l6hGt3gwNs0dgzVSTh0bwE9TMIH34Vecum8d53gIYDFD9pLJriNCj4V_5Xa9r6s5IsEu898TEiqCxvTeNYebM6sRUHHsp_SMjYn-AXLUIvfXCMVcCX3lZ2v6qoNPI2W8JMN6925rhBhBj_EV648fQSGPYr2m3hxUfLrh8YQnWYmEf6AJsw
https://watermark.silverchair.com/101563.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAAqswggKnBgkqhkiG9w0BBwagggKYMIIClAIBADCCAo0GCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMIHOMkHkfmPtbA51GAgEQgIICXnT6H4n_kzTsYofufXL-7IbPt1w1ej0YwxOZROEsgF5KVjBWgAUbXwyBWaxf6ZE6pVEXLTvFD8ToKIfiBOglcE4Ij-dWg-CSCO22hEbEFtnlPFbVc_hpAv4_8QEH_lkK8ILoIDPF8wJLNlF9WeZW-oy_20gxsyG1xmY4JVi_5knNo61GwYQltKt_0kV1cb0rdBqDXpee6dLwM3w1URil4Q9Ooopu7Ue7VS5eNKJybD-52lc3u9n7673Hs8sMp8WF0mNNNm_p7FlcDry4iVP4q0UBk4uABFYeKb4-U7EAcKyWlHJd8P3leIn53DFt2Px9Lvdv_k0JrX08EBe7EVFzedYcDpHCyIcx6W46E1x9_F7MHiLVqOh7Gx4BCOJpca-Tv2c5L4acm2Pa6efVRyb2d_1rNn6udHeEgd9DpRmW2KWXylDU4e-CsJPGeYsF7hGv5Cz0WJ6PiwXr31Y4et_MZypNoo_hmzLrv8EHa5pUSGzDKVNrcfmMMX5C9HO7YD91b2mwMYS80C8V82BNWy2Kzie2QSk56qVuIMlrydeKijAyfz72TEaCkkFArlEmze33495l03cJc-MqJ25K0WPrqwi9i9cpWrSUJiOqCY9YE7-uymzlo59TKKq1l6hGt3gwNs0dgzVSTh0bwE9TMIH34Vecum8d53gIYDFD9pLJriNCj4V_5Xa9r6s5IsEu898TEiqCxvTeNYebM6sRUHHsp_SMjYn-AXLUIvfXCMVcCX3lZ2v6qoNPI2W8JMN6925rhBhBj_EV648fQSGPYr2m3hxUfLrh8YQnWYmEf6AJsw
https://doi.org/10.1093/intimm/10.10.1563
https://doi.org/10.1016/S1074-7613(00)80089-8
https://freepaper.me/n/XR_6nAlN4arta_2PEtO2tg/PDF/86/866f01e73b777c563ab668db84a9dd40.pdf
https://doi.org/10.1038/nm730
https://rupress.org/jem/article-pdf/192/7/1027/1131906/001387.pdf
https://rupress.org/jem/article-pdf/192/7/1027/1131906/001387.pdf
https://doi.org/10.1084/jem.192.7.1027
https://cancerres.aacrjournals.org/content/canres/64/3/1140.full.pdf
https://cancerres.aacrjournals.org/content/canres/64/3/1140.full.pdf
https://doi.org/10.1158/0008-5472.can-03-3259
https://srv2.freepaper.me/n/NAXooYaySHqhsAGtwqXkcg/PDF/db/db1d6c361cc6436723348eacba0ce1cd.pdf
https://srv2.freepaper.me/n/NAXooYaySHqhsAGtwqXkcg/PDF/db/db1d6c361cc6436723348eacba0ce1cd.pdf
https://doi.org/10.1073/pnas.192461099
https://cancerres.aacrjournals.org/content/canres/63/19/6501.full.pdf
https://srv2.freepaper.me/n/_q4dvDS2pSj9L-6X1OLxLA/PDF/54/544b638a605f46649d06f8fba97123b0.pdf
https://srv2.freepaper.me/n/_q4dvDS2pSj9L-6X1OLxLA/PDF/54/544b638a605f46649d06f8fba97123b0.pdf
https://doi.org/10.1006/geno.1994.1562
https://www.embopress.org/doi/pdf/10.1002/j.1460-2075.1992.tb05481.x
https://www.embopress.org/doi/pdf/10.1002/j.1460-2075.1992.tb05481.x
https://doi.org/10.1002/j.1460-2075.1992.tb05481.x
https://doi.org/10.1016/S0165-2478(96)02653-3
https://doi.org/10.4049/jimmunol.173.2.945
https://www.jimmunol.org/content/jimmunol/171/9/4574.full.pdf
https://www.jimmunol.org/content/jimmunol/171/9/4574.full.pdf
https://doi.org/10.4049/jimmunol.171.9.4574
https://pdf.sciencedirectassets.com/272185/1-s2.0-S1471490600X00051/1-s2.0-S1471490601018889/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEFsaCXVzLWVhc3QtMSJGMEQCIBOEPwFMqBXNNfTDa3wt5BnJQJ3awdtNv2TOUSt1p3DhAiBnLykPnT98cCXBPM7dqqCpuBD301OyngKnuFZJL4cGNyq0AwgUEAMaDDA1OTAwMzU0Njg2NSIMimLptgXJtsllHkNAKpEDoZA5WGEydjsBQd%2B9Q%2FW1zIwYlDw4Dou45%2FELQ0BnPnuF2WxaBJZI1q7xFElBa6D8rIjqKyvkzSog7JB3GTFKa6kjiemRoQWUm2zL8zhEZNXvsk%2FqWkh%2FUkseRn2mqfyBfNbij1M99AwdfDjdTN7e7Jq6fkdU3NUzygW9Jb7LX4nU1l3L6GGfpKF157ziXgdOnk8ZPo7OlNGK5T4JLl%2BuQx1jgH1qsYnRunnx5fT5F8RtebzFEQfRqkWejQl8MPga5sYkB7UX6ZrCphwvMlh5KHGgTST6gwmInI7XyThfWM0QO1oM31%2FJnQsCbazkzHaDajaJQcm1fihx2nlmtRJ1yF6x06mAaSLaHzASQ4qXBKKchIP2EiwD2Pfg%2BSN%2Be16vod539l1oeLs25JQK%2FljKrE6NyvJCVOZk7%2Fa9R99QAlHMZV8AytVX0RKKXXENnOag5nBc5RoQQnTrFqwP%2Bfuq8Z7jdNi2WXKzPLglKEnkMK4iC0wYlFab%2F8RSLs2XO%2F1%2FH8Zud5eD5ggxJ0pMN0e4GEYw86qc%2FwU67AHVylcRRsAO6BMpNLMJ9ghUf6JutEIxa7hgwjJ71JSyKYLoQDP%2FINPFtBw6IIQRM5X84fWdQ1OXllGnzZfGdtlOWzjQfBWjzk32dlAPmWcuVMV91RkmfrBRVREvbLV2X8IF0lZ723d5Qutd5Nb3TsOQ
https://doi.org/10.1016/S1471-4906(01)01888-9
https://doi.org/10.1146/annurev.immunol.20.091101.091806
https://www.researchgate.net/profile/Andrew_Long4/publication/12105999_PD-L2_is_a_second_ligand_for_PD-1_and_inhibits_T_cell_activation/links/5653671708ae4988a7af94c0/PD-L2-is-a-second-ligand-for-PD-1-and-inhibits-T-cell-activation.pdf
https://doi.org/10.1038/85330


Cent Asian J Med Pharm Sci Innov 1(1): 28-34 (2021)                                                                                                          Roshandel et al.,                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

34 

20. Brown JA, Dorfman DM, Ma FR, Sullivan EL, Munoz O, Wood CR, Greenfield EA, Freeman GJ. Blockade 

of programmed death-1 ligands on dendritic cells enhances T cell activation and cytokine production. J 

Immunol 2003; 170(3): 1257-1266. https://doi.org/10.4049/jimmunol.170.3.1257 

21. Carter LL, Fouser LA, Jussif J, Fitz L, Deng B, Wood CR, Collins M, Honjo T, Freeman GJ, Carreno BM. PD‐ 

1: PD‐L inhibitory pathway affects both CD4+ and CD8+ T cells and is overcome by IL‐2. Eur J Immunol 

2002; 32(3): 634-643. https://doi.org/10.1002/1521-4141(200203)32:3<634::AID-IMMU634>3.0.CO;2-9 

22. Özkaynak E, Wang L, Goodearl A, McDonald K, Qin S, O’Keefe T, Duong T, Smith T, Gutierrez-Ramos JC, 

Rottman JB, Coyle AJ. Programmed death-1 targeting can promote allograft survival. J Immunol 2002; 

169(11): 6546-6553. https://doi.org/10.4049/jimmunol.169.11.6546 

23. Curiel TJ, Wei S, Dong H, Alvarez X, Cheng P, Mottram P, Krzysiek R, Knutson KL, Daniel B, Zimmermann 

MC, David O. Blockade of B7-H1 improves myeloid dendritic cell–mediated antitumor immunity. Nat Med 

2003; 9(5): 562-567. https://doi.org/10.1038/nm863 

24. Loke P, Allison JP. PD-L1 and PD-L2 are differentially regulated by Th1 and Th2 cells. Proc Natl Acad Sci 

2003; 100(9): 5336-5341. https://doi.org/10.1073/pnas.0931259100 

25. Trabattoni D, Saresella M, Biasin M, Boasso A, Piacentini L, Ferrante P, Dong H, Maserati R, Shearer GM, 

Chen L, Clerici M. B7-H1 is up-regulated in HIV infection and is a novel surrogate marker of disease 

progression. Blood 2003; 101(7): 2514-2520. https://doi.org/10.1182/blood-2002-10-3065 

26. Yamazaki T, Akiba H, Iwai H, Matsuda H, Aoki M, Tanno Y, Shin T, Tsuchiya H, Pardoll DM, Okumura K, 

Azuma M. Expression of programmed death 1 ligands by murine T cells and APC. J Immunol 2002; 169(10): 

5538-5545. https://doi.org/10.4049/jimmunol.169.10.5538 

27. Kazemi E, Zargooshi J, Kaboudi M, Heidari P, Kahrizi D, Mahaki B, Mohammadian Y, Khazaei H, Ahmed 

K. A genome-wide association study to identify candidate genes for erectile dysfunction. Brief Bioinform 

2020. https://doi.org/10.1093/bib/bbaa338 

28. Ghaheri M, Kahrizi D, Yari K, Babaie A, Suthar RS, Kazemi E. A comparative evaluation of four DNA 

extraction protocols from whole blood sample. Cell Mol Biol 2016; 62(3): 120-124. 

http://doi.org/10.14715/cmb/ 2016.62.3.20 

29. Rahimi A, Mirmoayedi A, Kahrizi D, Zarei L, Jamali S. Genetic diversity of Iranian honey  bee (Apis 

mellifera meda Skorikow, 1829) populations based on ISSR markers. Cell Mol Biol 2016; 62(4): 53-58. 

https://doi.org/10.14715/cmb/ 2016.62.4.10 

30. Dehghanian F, Kay M, Kahrizi D. A novel recombinant AzrC protein proposed by molecular docking and in 

silico analyses to improve azo dye's binding affinity. Gene 2015; 569(2): 233-238. 

https://doi.org/10.1016/j.gene.2015.05.063 

 

Copyright © 2021 by CAS Press (Central Asian Scientific Press) + is an open access article distributed under the 

Creative Commons Attribution License (CC BY) license (https://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly 

cited. 

 

 

 

How to cite this paper: 

Roshandel MR, Bakr HM, Lak R, Al Barzinji RMGT, Salh KK, Ibrahim KS, Abdullah FM. Investigation of the 

effect of pd1.1, pd1.5 and pd1.9 mutations on pd1 gene function with a system biology approach. Cent Asian J 

Med Pharm Sci Innov 2021; 1(1): 28-34. 

https://www.jimmunol.org/content/jimmunol/170/3/1257.full.pdf
https://www.jimmunol.org/content/jimmunol/170/3/1257.full.pdf
https://www.jimmunol.org/content/jimmunol/170/3/1257.full.pdf
https://doi.org/10.4049/jimmunol.170.3.1257
https://www.jimmunol.org/content/jimmunol/169/11/6546.full.pdf
https://doi.org/10.4049/jimmunol.169.11.6546
https://freepaper.me/n/PWjLAGUXsbavoV6nHUWSUg/PDF/0c/0c38e350030756ed4df7f124d1303e4d.pdf
https://doi.org/10.1038/nm863
https://www.pnas.org/content/pnas/100/9/5336.full.pdf
https://doi.org/10.1073/pnas.0931259100
http://pdfs.semanticscholar.org/b9cf/5622937a63474d9472b0d4e9d5ba1fba9565.pdf
http://pdfs.semanticscholar.org/b9cf/5622937a63474d9472b0d4e9d5ba1fba9565.pdf
https://doi.org/10.1182/blood-2002-10-3065
https://www.jimmunol.org/content/jimmunol/169/10/5538.full.pdf
https://doi.org/10.4049/jimmunol.169.10.5538
https://srv2.freepaper.me/n/c-FLC39qtRrNfOcCbtmVkQ/PDF/80/803a80bb8ff4351288bfb12a00da1edb.pdf
https://doi.org/10.1093/bib/bbaa338
http://www.cellmolbiol.org/index.php/CMB/article/download/830/622
http://www.cellmolbiol.org/index.php/CMB/article/download/830/622
http://doi.org/10.14715/cmb/%202016.62.3.20
https://doi.org/10.14715/cmb/%202016.62.4.10
https://srv2.freepaper.me/n/IYm-tS4zx76nFYJL2Z1R_Q/PDF/a9/a9f3c4b246bb99bc1b51facaa2a22b14.pdf
https://srv2.freepaper.me/n/IYm-tS4zx76nFYJL2Z1R_Q/PDF/a9/a9f3c4b246bb99bc1b51facaa2a22b14.pdf
https://doi.org/10.1016/j.gene.2015.05.063
https://creativecommons.org/licenses/by/4.0/
http://www.cajmpsi.com/article_126766.html
http://www.cajmpsi.com/article_126766.html

