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Abstract

Background and purpose: Monoclonal antibodies market has grown since approval of Muromonab-
CD3 (trade name Orthoclone OKT3) in 1986 as immuno- suppressor. Nevertheless, the undesirable
effects of these large specific biomolecules calls for further attempts for more effective alternatives.
Variable domain of heavy chain (VHH) are the smallest antibody fragments called Nanobody (Nb),
derived from camelid heavy chain-only antibodies (HcAb) by DNA recombinant gene technology. In this
study, some of the unique structural and functional features of Nbs are summarized. The main context of
this review speculate about several experimental therapeutic applications of Nbs against a wide range of
diseases ranging from infectious, animal toxin, autoimmune, and cancer disease in three different
functional platforms. Data about structural and functional features of Nbs and their therapeutic effects
were retrieved from articles indexed in PubMed, Science direct, and Google Scholar. Development and
employment of Nbs in different researches show that their unique physicochemical properties make them
a useful tool for biomedical applications and drug discovery. This is because of some exceptional feathers
such as small size, extraordinary stability, high affinity even for occluded epitopes, and cost-effective
production. This review provides an overview of efficacy and success of Nbs as more promising

therapeutic agents over conventional antibodies against multiple diseases.
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1. Humanization
2. Antibody Dependent Cell Cytotoxicity
3. Complement Dependent Cytotoxicity
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1. Atherosclerosis
2. Tumor necrosis factor
3. Rheumatoid arthritis

100 1WAV 135)9)8 « 109 s)laid (@l § Cumyy 3)9s

ohsjle (A} eolc oGRSl alas


https://jmums.mazums.ac.ir/article-1-10331-fa.html

01 3leys slaspls g 53036

b 6obsb db bsTH Slafllas 1) ojlad Jou

[ Downloaded from jmums.mazums.ac.ir on 2025-12-22 ]

andllas 4o 6 sy s S 05 ST Juamea ol Slerps
10 55 oy p o 53— sl YF 51 g g5 D 5 w31 sl I sl ol FT ey 28 5 oG 755 350 ) e ALX-0061 ra = slagy oD e
s dem 53 9515 5930l e
1156 55 plest Il PEG 05 bl 2 55> Jasedkas 3555,556  ATN-103 (Ozoralizumab), (A slogy oD sml 355
&S 36 s plail | PEG U bl 28 b 55 ATN-192
S 36 s pladt I sl 2 T s 28 5 5 WS ALX-0761 b g
by 3B B - e sdT ook (ST rly 2 b G E s s sl ALX-0962 -
b i 5B s as l PEGL 23 b 5 W7 BI 1034020 T
an by, db s 1 PN VWF (ALX-0081) Caplacizumab Lk Oss
3336 53 plast n EEN 929555 ARPL 92885,
o, 3655 g | s CXCR4 ALX-0651 b e
L e S e e 4 I S e DR5 ARP1L

0 La0T 5l 5 8 g Ol (S 5 5 (sl 513
b o S 5 S5 g IS e Ol
Lf C_A_m‘ a.)}_«.s )‘}_o.k Cf_‘) JL};\{}:}A LglAL;;LL;bT
6Lt Olallas el fols ol ddse 4 ax 5
b Dladss glajl s Calidee lags ey ade b
Ol 4 Lol gl eSS0 5 oy T )3 sy oo i3 4
Cfbé‘:ﬁ.fjbjéﬁfﬁg‘gjdjj"@*&‘

..U.sjf

References

1. Hamers-Casterman C, Atarhouch T,
Muyldermans S, Robinson G, Hamers C,
Bajyana Songa E, et al. Naturally occurring
antibodies devoid of light-chains. Nature
1993; 363(6428): 446-448.

2. Muyldermans S. Single domain camel
antibodies: current status. J Biotechnol
2001; 74(4): 277-302.

3. Unciti-Broceta JD, Del Castillo T, Soriano

M, Magez S, Garcia-Salcedo JA. Novel
therapy based on camelid nanobodies. Ther
Deliv 2013; 4(10): 1321-1336.

4. Kabat EA, Wu TT. Identical V region amino

acid sequences and segments of sequences
in antibodies of different specificities.
Relative contributions of VH and VL genes,

minigenes and complementarity-determining

@b ST aalss 5 S S Olsis 4 o ol

S8 4 8wl 55 ST sl Jlal 0 L
3 Sralad iy 4 oS 55 DNA (o550 555
ol i )50 O3 AT L odks ol 25 Gl 5
gjbdsgwjd)uuéuj}_,.mf&,
YU Jlas! ol Jos eSS slad S50 !
Slapiam 53 Ol 5 YL (Il ol @i 5 50

ol g bt as S LS5, 015 5 el

regions to binding of antibody-combining
sites. J Immunol 1991; 147(5): 1709-1719.

5. Omidfar K, Rasaee MJ, Kashanian S, Paknejad
M, Bathaie Z. Studies of thermostability in
Camelus bactrianus (Bactrian camel) single-
domain antibody specific for the mutant
epidermal-growth factor receptor expressed
by Pichia. Biotechnol Appl Biochem 2007;
46(pt 1): 41-49.

6. Ghahroudi M, Desmyter A, Wyns L,
Hamers R, Muyldermans S. Selection and
identification of single domain antibody
fragments from camel heavy-chain antibodies.
FEBS Lett 1997; 414(3): 521-526.

7. Rahbarizadeh F,Ahmadvand D, Sharifzadeh Z.
Nanobody; an old concept and new vehicle

for immunotargeting. Immunol Invest 2011;

1WAV 135)9)8 « 109 s)laid (@Il § Cumyy 8)9s

ohsjls (S eolc olEibsl alas 10¢


https://jmums.mazums.ac.ir/article-1-10331-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-22 ]

uiug)a pae

10.

11.

12.

13.

14.

40(3): 299-338.

Kolkman JA, Law DA. Nanobodies-from
llamas to therapeutic proteins. Drug
DiscovToday Technol. 2010; 7(2): 139-146.
Coppieters K, Dreier T, Silence K, de Haard
H, Lauwereys M, Casteels P, et al.
Formatted anti-tumor necrosis factor alpha
VHH proteins derived from camelids show
superior potency and targeting to inflamed
joints in a murine model of collagen-induced
arthritis. Arthritis Rheum 2006; 54(6): 1856-
1866.

Carlos FB, Burton DR, Scott JK. Phage
display: a laboratory manual. Cold Spring
Harbor Laboratory Press: Cold Spring
Harbor. NY; 2001.

Moonens K, De Kerpel M, Coddens A, Cox
E, Pardon E, Remaut H, et al. Nanobody
mediated inhibition of attachment of F18
Fimbriae expressing Escherichia coli. PLoS
One 2014; 9(12): e114691.

Moonens K, Gideonsson P, Subedi S,
Bugaytsova J, Romad E, Mendez M, et al.
Structural insight in the inhibition of
adherence of F4 fimbriae producing
enterotoxigenic Escherichia coli by llama
single domain antibodies. Vet Res 2015; 46:
14.

Harmsen MM, van Solt CB, van Zijderveld-
van Bemmel AM, Niewold TA, van
Zijderveld FG. Selection and optimization of
proteolytically stable llama single-domain
antibody fragments for oral immunotherapy.
Appl Microbiol Biotechnol 2006; 72(3):
544-551.

Harmsen MM, van Solt CB, Hoogendoorn
A, van Zijderveld FG, Niewold TA, van der
Meulen J, et al. Escherichia coli F4 fimbriae
specific Ilama single-domain antibody

fragments  effectively inhibit bacterial

15.

16.

17.

18.

19.

20.

21.

adhesion in vitro but poorly protect against
diarrhoea. Vet Microbiol 2005; 111(1-2):
89-98.

Virdi V, Coddens A, De Buck S, Millet S,
Goddeeris BM, Cox E, et al. Orally fed
seeds producing designer IgAs protect
weaned piglets against enterotoxigenic
Escherichia coli infection. Proc Natl Acad
Sci U S A 2013; 110(29): 11809-11814.
Szynol A, de Soet JJ, Sieben-van Tuyl
E, Bos JW, Frenken LG. Bactericidal effects
of a fusion protein of llama heavy-chain
antibodies coupled to glucose oxidase on
oral bacteria.
Chemother. 2004; 48(9): 3390-3395.

Kruger C, Hultberg A, Marcotte H,

Antimicrob Agents

HermansP, Bezemer S, Frenken LG,et al.
Therapeutic effect of llama derived VHH
fragments against Streptococcus mutans on
the development of dental caries. Appl
Microbiol Biotechnol 2006; 72(4): 732-737.
Ardekani LS, Gargari SL, Rasooli |, Bazl
MR, Mohammadi M, Ebrahimizadeh W, et
al. A novel nanobody against urease activity
of Helicobacter pylori. Int J Infect Dis 2013;
17(9): 723-728.

Conway JO, Sherwood LJ. Collazo MT,
Garza JA. Hayhurst, A. Llama single
domain antibodies specific for the 7
botulinum neurotoxin serotypes as heptaplex
immunoreagents. PLoS One 2010; 5(1):
e8818.

Dong J, Thompson AA, Fan Y, Lou J,
Conrad F, Ho M, et al. A single-domain
llama antibody potently inhibits the
enzymatic activity of botulinum neurotoxin
by binding to the non-catalytic alpha-exosite
binding region. J Mol Biol 2010; 397(4):
1106-1118.

Caljon G, Caveliers V, Lahoutte T,

10V 19V (133)0)8 « 109 o)lauds «alilas § Crunyy 5)9s

ohsjle (A} eolc oGRSl alas


https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Soet%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=15328101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieben-van%20Tuyl%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15328101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sieben-van%20Tuyl%20E%5BAuthor%5D&cauthor=true&cauthor_uid=15328101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bos%20JW%5BAuthor%5D&cauthor=true&cauthor_uid=15328101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frenken%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=15328101
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hultberg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16636830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marcotte%20H%5BAuthor%5D&cauthor=true&cauthor_uid=16636830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hermans%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16636830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bezemer%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16636830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frenken%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=16636830
https://jmums.mazums.ac.ir/article-1-10331-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-22 ]

ol slasyls § yi5LgSyla

22.

23.

24

25.

26.

217.

28.

Stijlemans B, Ghassabeh GH, Van Den
Abbeele J, et al. Using microdialysis to
analyse the passage of monovalent
nanobodies through the blood-brain barrier.
Br J Pharmacol 2012; 165(7): 2341-2353.
Baral TN, Magez S, Stijleman B, Conrath K,
Vanhollebeke B, Pays E, et al. Experimental
therapy of African trypanosomiasis with a
nanobody-conjugated human trypanolytic
factor. Nat Med 2006; 12(5): 580-584.

De Vooght L, Caljon G, De Ridder K, Van
Den Abbeele J. Delivery of a functional
anti-trypanosome Nanobody in different
tsetse fly tissues via a bacterial symbiont
Sodalis glossinidius. Microb Cell Fact 2014;
13: 156.

.De Vooght L, Caljon G, Stijlemans B, De

Baetselier P, Coosemans M, Van den
Abbeele J. Expression and extracellular
release of a functional anti-trypanosome
Nanobody(R) in Sodalis glossinidius. A
bacterial symbiont of the tsetse fly. Microb
Cell Fact 2012; 11: 23.

Vanlandschoot P, Stortelers C, Beirnaert E,
Ibanez LI, Schepens B, Depla E, et al,
Nanobodies(R): new ammunition to battle
viruses. Antiviral Res 2011; 92(3): 389-407.
Wei G, Meng W, Guo H, Pan W, Liu J,
Peng T, et al. Potent neutralization of
influenza A virus by a single-domain
antibody blocking M2 ion channel protein.
PLoS One 2011; 6 (12): e28309.

Russell CA, Jones TC, Barr IG, Cox NJ,
Garten RJ, Gregory V, et al. The global
circulation of seasonal influenza A (H3N2)
viruses. Science 2008; 320(5874): 340-346.

Hultberg A, Temperton NJ, Rosseels V,
Koenders M, Gonzalez-Pajuelo M. Schepens
B, et al. Llama-derived single domain

antibodies to build multivalent, superpotent

29.

30.

31.

32.

33.

34.

35.

36.

and broadened neutralizing anti-viral
molecules. PLoS One 2011; 6(4): e17665.
WyattR, Sodroski J. The HIV-1 envelope
glycoproteins:  fusogens, antigens and
immunogens. Science 1998; 280 (5371):
1884-1888

Moore JP, Trkola A, Dragic T. Co-receptors
for HIV-1 entry. Curr Opin Immunol 1997;
9(4): 551-562.

Binley JM, Wrin T, Korber B, Zwick M. B,
Wang M, Chappey G, et al. Comprehensive
cross-clade neutralization analysis of a panel
of anti-human immunodeficiency virus type
1 monoclonal antibodies. J Virol 2004;
78(23): 13232-13252.

Sanders RW, Venturi M, Schiffner L,
Kalyanaraman R, Katinger H, Lloyd K O, et
al. The mannose-dependent epitope for
neutralizing antibody 2G12 on human
immunodeficiency virus type 1 glycoprotein
gp120. J Virol 2002; 76 (14): 7293-7305.
Zhou T, Xu L, Dey B, Hessell AJ, Van Ryk
D, Xiang SH, et al. Structural definition of a
conserved neutralization epitope on HIV-1
gp120. Nature 2007; 445 (7129): 732-737.
Forsman A, Beirnaert E, Aasa-Chapman
MM, Hoorelbeke B, Hijazi K, Koh W, et al.
Llama antibody fragments with cross-
subtype human immunodeficiency virus
type 1 (HIV-1) neutralizing properties and
high affinity for HIV-1 gp120. J Virol 2008;
82(24): 12069-12081.

Fornerod M, Ohno M, Yoshida M, Mattaj
IW. CRML1 is an export receptor for leucine-
rich nuclear export signals. Cell 1997; 90(6):
1051-1060.

Vercruysse T, Pardon E, Vanstreels E,
Steyaert J, Daelemans D. An intrabody
based on a llama single-domain antibody

targeting the N-terminal alpha-helical

1199V (335)9)8 « 109 o)lauds @I § Cuny 0)9s

ohdjle (i) eolc slEibily dlas 10A


https://jmums.mazums.ac.ir/article-1-10331-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-22 ]

uiug)a pae

multimerization domain of HIV-1 rev
prevents viral production. J Biol Chem
2010; 285(28): 21768-21780.

37.Jahnichen S, Blanchetot C, Maussang D,
Gonzalez-Pajuelo M, Chow KY, Bosch L, et
al. CXCR4 nanobodies (VHH-based single
variable domains) potently inhibit chemotaxis
and HIV-1 replication and mobilize stem
cells. Proc Natl Acad Sci USA 2010;
107(47): 20565-20570.

38. Lavanchy D. Worldwide epidemiology of
HBYV infection, disease burden, and vaccine
prevention. J Clin Virol 2005; 34 (Suppl 1):
S1-3.

39. Serruys B, Van Houtte F, Verbrugghe P,
Leroux-Roels G, Vanlandschoot P. Llama-
derived single-domain intrabodies inhibit
secretion of hepatitis B virions in mice.
Hepatology 2009; 49(1): 39-49.

40. Feld J, Lee JY, Locarnini S. New targets and
possible new therapeutic approaches in the
chemotherapy of chronic hepatitis B.
Hepatology 2003; 38 (3): 545-553.

41.Rabe B, Vlachou A, Pante N, Helenius A,
Kann M. Nuclear import of hepatitis B virus
capsids and release of the viral genome.
Proc Natl Acad Sci USA 2003; 100(17):
9849-9854

42.Chippaux JP, Goyffon M. Venoms,
antivenoms and immunotherapy. Toxicon
1998; 36(6): 823-846.

43. Darvish M, Ebrahimi SA, Shahbazzadeh D,
Bagheri KP, Behdani M, Shokrgozar MA.
Camelid antivenom development and
potential in  vivo neutralization of
Hottentotta  saulcyi  scorpion  venom.
Toxicon 2016; 113: 70-75.

44.Hmila 1, Abderrazek RBA, Saeren D,
Benlasfar Z, Conrath K, Ayeb ME, et al.

VHH, bivalent domains and chimeric heavy

chain-only antibodies with high neutralizing
efficacy for scorpion toxin Aahl. Mol
Immunol 2008; 45(14): 3847-3856.

45. Hmila I, Saerens D, Abderrazek R, Vincke
C, Abidi N, Benlasfar Z, et al. A bispecific
nanobody to provide full protection against
lethal scorpion envenoming. FASEB J 2010;
24(9): 3479-3489.

46. Abderrazek RB, Vincke C, Hmila I, Saerens
D, Abidi N, ElI Ayeb M, et al. Development
of Cys38 knock-out and humanized version
of NbAahll10 nanobody with improved
neutralization of Aahll Scorpion toxin.
Protein Eng Des Sel 2011; 24(9): 727-735.

47.Darvish M, Behdani M, Shokrgozar MA,
Bagheri KP, Shahbazzadeh D. Development
of protective agent against Hottentotta
saulcyi venom using camelid single-domain
antibody. Mol Immunol 2015; 68(pt B):
412-420.

48. Rahbarizadeh F, Rasaee MJ, Forouzandeh
Moghadam M, Allameh AA, Sadroddiny E.
Production of novel recombinant single-
domain antibodies against tandem repeat
region of MUC1 mucin. Hybrid Hybridomics
2004; 23(3): 151-159.

49. Omidfar K, Amjad Zanjani FS, Hagh AG,
Azizi MD, Rasouli SJ, Kashanian S.
Efficient growth inhibition of EGFR over-
expressing tumor cells by an anti-EGFR
nanobody. Mol Biol Rep 2013; 40(12):
6737-6745.

50.Roovers RC, Laeremans T, Huang L, De
Taeye S, Verkleij AJ, Revets H, et al.
Efficient inhibition of EGFR signaling and
of tumour growth by antagonistic anti-EFGR
Nanobodies. Cancer Immunol Immunother
2007; 56(3): 303-317.

51. Roovers RC, Vosjan MJ, Laeremans T, el
Khoulati R, de Bruin RC, Ferguson KM, et

109 109V 133)g)8 « 109 o)laid (@liias § Cuyy 5)9s

ohsjle (A} eolc oGRSl alas


https://www.ncbi.nlm.nih.gov/pubmed/?term=Vosjan%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21520037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laeremans%20T%5BAuthor%5D&cauthor=true&cauthor_uid=21520037
https://www.ncbi.nlm.nih.gov/pubmed/?term=el%20Khoulati%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21520037
https://www.ncbi.nlm.nih.gov/pubmed/?term=el%20Khoulati%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21520037
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Bruin%20RC%5BAuthor%5D&cauthor=true&cauthor_uid=21520037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferguson%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=21520037
https://jmums.mazums.ac.ir/article-1-10331-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-22 ]

ol slasyls § yi5LgSyla

al. A biparatopic anti-EGFR nanobody
efficiently inhibits solid tumour growth. Int J
Cancer 2011; 129(8): 2013-2024.

52.Vosjan MJ, Vercammen J, Kolkman JA,

53.

54.

55.

56.

57.

58.

Stigter-van  Walsum M, Revets H, van
Dongen GA, et al. Nanobodies targeting the
hepatocyte growth factor: potential new
drugs for molecular cancer therapy. Mol
Cancer Ther 2012; 11(4): 1017-1025.

Sha H, Zou Z, Xin K, Bian X, Cai X, Lu W,
et al. Tumor-penetrating peptide fused
EGFR single-domain antibody enhances
cancer drug penetration into 3D multicellular
spheroids and facilitates effective gastric
cancer therapy. J Control Release 2015; 200:
188-200.

Kaczmarek JZ, Skottrup PD. Selection and
characterization of camelid nanobodies
towards urokinase-type plasminogen activator.
Mol Immunol. 2015; 65(2): 384-390.

Van Impe K, Bethuyne J, Cool S, Impens F,
Ruano-Gallego D, De Wever O A, et al.
nanobody targeting the F-actin capping
protein CapG restrains breast cancer
metastasis. Breast Cancer Res 2013; 15(6):
R116.

Oliveira S, Heukers R, Sornkom J, Kok RJ,
van Bergen En Henegouwen PM. Targeting
tumors with nanobodies for cancer imaging
and therapy. J Control Release 2013; 172(3):
607-617.

Fang T, Duarte JN, Ling J, Li Z, Guzman
JS, Ploegh HL. Structurally Defined
alphaMHC-11 Nanobody-Drug Conjugates:
A Therapeutic and Imaging System for B-
Cell Lymphoma. Angew Chem Int Ed Engl
2016; 55(7): 2416-2420.

Iri-Sofla FJ, Rahbarizadeh F, Ahmadvand D,
Rasaee MJ. Nanobody-based chimeric

receptor gene integration in Jurkat cells

59.

mediated by phiC31 integrase. Exp Cell Res
2011; 317(18): 2630-2641.

Ciardiello F, Tortora G. EGFR antagonists
in cancer treatment. N Engl J Med 2008;
358(11): 1160-1174.

60. Oliveira S, Schiffelers RM, van der VVeeken

61.

62.

63.

64.

65.

J, van der Meel R, Vongpromek R, van
Bergen En Henegouwen PM, et al.
Downregulation of EGFR by a novel
multivalent nanobody-liposome platform. J
Control Release 2010; 145(2): 165-175.
Melancon M, Lu W, Li C. Gold-Based
Magneto/Optical Nanostructures: Challenges
for In Vivo Applications in Cancer
Diagnostics and Therapy. Mater Res Bull.
2009; 34(6): 415-421.

Kazhdan I, Long L, Montellano R, Cavazos
DA, Marciniak RA. Targeted gene therapy
for breast cancer with truncated Bid. Cancer
Gene Ther 2006; 13(2): 141-149.

Ogris M, Walker G, Blessing T, Kircheis R,
Wolschek M, Wagner E. Tumor-targeted
gene therapy: strategies for the preparation
of ligand-polyethylene glycol-polyethylenimine/
DNA complexes. J Control Release 2003;
91(1-2): 173-181.

Parhamifar L, Sime W, Yudina Y, Vilhardt F,
Morgelin M, Sjoélander A. Ligand-induced
tyrosine  phosphorylation of  cysteinyl
leukotriene receptor 1 triggers internalization
and signaling in intestinal epithelial cells.
PLoS One 2010; 5(12): €14439.

Sadeqzadeh E, Rahbarizadeh F, Ahmadvand
D, Rasaee MJ, Parhamifar L, Moghimi SM.
Combined MUC1-specific nanobody-tagged
PEG-polyethylenimine polyplex targeting
and transcriptional targeting of tBid
transgene for directed killing of MUC1
over-expressing tumour cells. J Control
Release 2011; 156(1): 85-91.

119V 335)9)8 « 109 o)lauds @3 § Cuny d)9d

ohsjle (Al ok slEibily dlas D)


https://www.ncbi.nlm.nih.gov/pubmed/?term=Bethuyne%20J%5BAuthor%5D&cauthor=true&cauthor_uid=24330716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cool%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24330716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Impens%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24330716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruano-Gallego%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24330716
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Wever%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24330716
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahbarizadeh%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21906589
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadvand%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21906589
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasaee%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21906589
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasaee%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21906589
https://www.ncbi.nlm.nih.gov/pubmed/?term=Long%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16110313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montellano%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16110313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavazos%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=16110313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavazos%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=16110313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marciniak%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=16110313
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker%20G%5BAuthor%5D&cauthor=true&cauthor_uid=12932649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blessing%20T%5BAuthor%5D&cauthor=true&cauthor_uid=12932649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kircheis%20R%5BAuthor%5D&cauthor=true&cauthor_uid=12932649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wolschek%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12932649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wagner%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12932649
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sime%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21203429
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yudina%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21203429
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vilhardt%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21203429
https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B6rgelin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21203429
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sj%C3%B6lander%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21203429
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahbarizadeh%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21704663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadvand%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21704663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadvand%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21704663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rasaee%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=21704663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parhamifar%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21704663
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moghimi%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=21704663
https://jmums.mazums.ac.ir/article-1-10331-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2025-12-22 ]

uiug)a pae

66.

67.

68.

69.

Wang, RX. Colgan SP. Special pro-resolving
mediator (SPM) actions in regulating gastro-
intestinal inflammation and gut mucosal
immune responses. Mol Aspects Med. 2017.
Kratz F, Elsadek B. Clinical impact of serum
proteins on drug delivery. J Control Release
2012; 161(2): 429-445.

Giersberg M, Floss DM, Kipriyanov S,
Conrad U, Scheller J. Covalent dimerization
of camelidae anti-human TNF-alpha single
domain antibodies by the constant kappa
light chain domain improves neutralizing
activity. Biotechnol Bioeng 2010; 106(1):
161-166.

Vandenbroucke K, de Haard H, Beirnaert E,
Dreier T, Lauwereys M, Huyck L, et al.
Orally administered L. lactis secreting an
anti-TNF Nanobody demonstrate efficacy in
chronic colitis. Mucosal Immunol 2010;
3(1): 49-56.

70. Aggarwal BB. Signalling pathways of the
TNF superfamily: a double-edged sword.
Nat Rev Immunol 2003; 3(9): 745-756.

71.Van Hauwermeiren F, Vandenbroucke RE,
Libert C. Treatment of TNF mediated
diseases by selective inhibition of soluble
TNF or TNFR1. Cytokine Growth Factor
Rev 2011; 22(5-6): 311-319.

72.Bradley ME, Dombrecht B, Manini J, Willis
J, Vlerick D, De Taeye S, et al. Potent and
efficacious inhibition of CXCR2 signaling
by biparatopic nanobodies combining two
distinct modes of action. Mol Pharmacol
2015; 87(2): 251-262

73. Klooster R, Maassen BT, Stam JC, Hermans
PW, Ten Haaft MR, Detmers FJ, et al.
Improved anti-lgG and HSA affinity
ligands: clinical application of VHH
antibody technology. J Immunol Methods
2007; 324(1-2): 1-12.

19\

119V (335)9)8 « 109 a)ladhs (@Il § Cumay 5)9s

ohsjle (A} eolc oGRSl alas


https://www.ncbi.nlm.nih.gov/pubmed/?term=Floss%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=20047190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kipriyanov%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20047190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Conrad%20U%5BAuthor%5D&cauthor=true&cauthor_uid=20047190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scheller%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20047190
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maassen%20BT%5BAuthor%5D&cauthor=true&cauthor_uid=17570391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stam%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=17570391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hermans%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=17570391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hermans%20PW%5BAuthor%5D&cauthor=true&cauthor_uid=17570391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ten%20Haaft%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=17570391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Detmers%20FJ%5BAuthor%5D&cauthor=true&cauthor_uid=17570391
https://jmums.mazums.ac.ir/article-1-10331-fa.html
http://www.tcpdf.org

