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Romatoid Artrit Tedavisinde  
Nano Teknoloji

Serpil ERGÜLÜ EŞMEN1

GIRIŞ

Günümüzde nanoteknoloji hızla gelişmekte ve biyomedikal alanda kullanımı 
hızla artmaktadır. Son yıllarda romatoid artrit tedavisinde özellikle immunopa-
togeneze özgü hücreler ve sitokinlere yönelik immun tedavileri içeren biyolojik 
ilaçların kullanımı ile tedavide önemli gelişmeler elde edilse de ilaçların sistem-
ler üzerinde seçici olmayan etkileri, fırsatçı enfeksiyonların gelişmesine yol açan 
immunsupresyon, kardiyak komplikasyonlar, gastrointestinal hasar ve ülserler, 
ilaçlarla ilişkili güvenlik ve etkinlik endişeleri, mevcut tedavilerin beklentileri 
tam karşılayamaması, nanoteknolojinin RA tedavisinde kullanımını gündeme 
getirmiştir (1).

ROMATOİD ARTRİT VE NANOTEKNOLOJİ TANIMI 

ROMATOİD ARTRİT 
Romatoid artrit (RA), sinoviyal eklemlerde kıkırdak ve kemik yıkımına bağ-

lı eklemde bozulmaya ve beklenen yaşam süresinde azalmaya yol açan yaygın 
bir poliartiküler, otoimmün, inflamatuar hastalıktır (2). Dünyada prevelansı % 
0.5-1’dir (3). Patogenezi tam olarak açıklanamamıştır. Çevresel ve genetik fak-
törlerin hastalığa yatkınlığa katkıda bulunduğu bilinmektedir. Kadınlarda erkek-
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inflamasyonlu sinoviumda nekroz olurken sağlam doku bozulmamaktadır. ROS 
monitorizasyonu artritte erken tanı imkanı sağlamıştır. Multifonksiyonel nano-
partiküller sinerjistik etki ile normal olmayan biyolojik dokunun görüntülemesi-
ni ve tedavi etkinliğinin takibini sağlamaktadır. Nanoteknoloji gelecekte RA tanı 
ve tedavisinde umut vericidir.

KAYNAKÇA

1. 	 Prasad LK, O’Mary H, Cui ZJN. Nanomedicine delivers promising treatments for 
rheumatoid arthritis. Nanomedicine (Lond) 2015;10:2063-74. P.C. Taylor, A. Moore, 
R. Vasilescu, J. Alvir et al. A structured literatüre review of the burden of illness and 
unmet needs in patients with rheumatoid arthritis: a current perspective, Rheuma-
tol. Int. 36 (5) (2016) 685–695.

2. 	 P.C. Taylor, A. Moore, R. Vasilescu, J. Alvir et al. A structured literatüre review of the 
burden of illness and unmet needs in patients with rheumatoid arthritis: a current 
perspective, Rheumatol. Int. 36 (5) (2016) 685–695.

3. 	 Alam SM, Kidwai AA, Jafri SR et al. Epidemiology of rheumatoid arthritis in a terti-
ary care unit, Karachi, Pakistan. J Pak Med Assoc 2011;61:123-6.

4. 	 Oliveira IM, Gonc¸ alves C, Reis RL et al. Engineering nanoparticles for targeting 
rheumatoid arthritis: past, present, and future trends. Nano Res 2018;11:4489_506.

5. 	 Katsuki S, Matoba T, Koga J-I et al. Anti-inflammatory nanomedicine for cardiovas-
cular disease. Front Cardiovasc Med 2017;4:87.

6. 	 Rubinstein I, Weinberg GL. Nanomedicines for chronic non-infectious arthritis: the 
clinician’s perspective. Nanomedicine 2012;8:S77_82.

7. 	 M. Movahedi, M.E. Beauchamp, M. Abrahamowicz et al. Risk of incident diabetes 
mellitus associated with the dosage and duration of oral glucocorticoid therapy in 
patients with rheumatoid arthritis, Arthritis Rheumatol. 68 (5) (2016) 1089–1098.

8. 	 R.S. Kadam, D.W. Bourne, U.B. Kompella, Drug Metab. Nano-advantage in enhan-
ced drug delivery with biodegradable nanoparticles: contribution of reduced clea-
rance. Dispos. (40) (2012) 1380

9. 	 J.Panyam, V. Labhasetwar, Biodegradable nanoparticles for drug and gene delivery 
to cells and tissue. Advanced drug delivery reviews 2003, 55, 329-47

10. 	Prasad LK, O’Mary H, Cui ZJN. Nanomedicine delivers promising treatments for 
rheumatoid arthritis. Nanomedicine (Lond) 2015;10:2063_74.

11. 	M.C. Schabel, D.L. Parker, Uncertainty and bias in contrast concentration measu-
rements using spoiled gradient echo pulse sequences. Phys. Med. Biol. 53 (2008) 
2345.-73 

12. 	A. K. Agrawal, C. M.Gupta, Tuftsin-bearing liposomes in treatment of macropha-
ge-based infections. Advanced Drug Delivery Reviews 2000, 41, 135.-46

13. 	A. Sharma, E.J. Kim, H. Shi et al. Development of a theranostic prodrug for colon 
cancer therapy by combining ligand-targeted delivery and enzyme-stimulated acti-
vation Biomaterials 155 (2018) 145-151

14. 	S. Hua, E. Marks, J. J. Schneider, S. Keely, Advances in oral nano-delivery systems 
for colon targeted drug delivery in inflammatory bowel disease: selective targeting 
to diseased versus healthy tissue.Nanomedicine : nanotechnology, biology, and me-
dicine 2015, 11, 1117-32



Hücresel Tıp ve Medikal Biyoteknoloji Uygulamaları132

15. 	M. Chen, J.C.K. Daddy, Y. Xiao et al. Advanced nanomedicine for rheumatoid 
arthritis treatment: focus on active targeting Expert Opinion Drug Delivery 14 
(2017)1141-4

16.	 E. Choy, Understanding the dynamics: pathways involved in the pathogenesis of 
rheumatoid arthritis Rheumatology (Oxford, England) 51 (Suppl. 5) (2012) v3-11

17. 	R.W. Kinne, R. Brauer, B. Stuhlmuller et al. Macrophages in rheumatoid arthritis. 
Arthritis Res. 2 (2000) 189-202 

18. 	Z. Szekanecz, A. E. Koch, Macrophages and their products in rheumatoid arthritis. 
Current opinion in rheumatology 2007, 19, 289-95

19. 	N. Nakashima-Matsushita, T. Homma, S. Yu et al. Selective expression of folate re-
ceptor beta and its possible role in methotrexate transport in synovial macrophages 
from patients with rheumatoid arthritis Arthritis Rheum. 42 (1999) 1609-16.

20. 	E. Nogueira, F. Lager, D. Le Roux et al. Enhancing Methotrexate Tolerance with Fo-
late Tagged Liposomes in Arthritic Mice. J. Biomed. Nanotechnol. 11 (2015) 2243-
52.

21. 	S. Nedvetzki, M. Walmsley, E. Alpert et al. CD44 involvement in experimental colla-
gen-induced arthritis (CIA). Autoimmun.13(1999)39-47

22. 	M. M. Halloran, Z. Szekanecz, N. Barquin, G. K. Haines, A. E. Koch, Cellular adhe-
sion molecules in rat adjuvant arthritis. Arthritis and rheumatism 1996, 39, 810-9.

23. 	M. Zhou, J. Hou, Z. Zhong et al. Targeted delivery of hyaluronic acid-coated solid 
lipid nanoparticles for rheumatoid arthritis therapy Drug Deliv. 25 (2018) 716-22

24. 	M. Delgado, C. Abad, C. Martinez et al. Vasoactive intestinal peptide in the immune 
system: potential therapeutic role in inflammatory and autoimmune diseases. J. Mol. 
Med. (Berlin, Germany) 80 (2002) 16-24

25. 	V. Sethi, I. Rubinstein, A. Kuzmis et al.biocompatible, and disease modifying VIP 
nanomedicine for rheumatoid arthritis. Mol.Pharm. 10 (2013) 728.

26. 	L. Peiser, S. Gordon, The function of scavenger receptorsexpressed by macrophages 
and their rolein the regulation of inflammation. Microbes Infect. 3 (2001) 149-159

27. 	R. Heo, D.G. You, W. Um et al. Dextran sulfate nanoparticles as a theranostic nano-
medicine for rheumatoid arthritis. Biomaterials 131 (2017) 15-26

28. 	F. Sultana, M.K. Neog, M. Rasool, Targeted delivery of morin, a dietary bioflava-
nol encapsulated mannosylated liposomes to the macrophages of adjuvant-induced 
arthritis rats inhibits inflammatory immune response and osteoclastogenesis. Eur. J. 
Pharm. Biopharm. 115 (2017) 229.

29. 	H.F. Zhou, H.W. Chan, S.A. Wickline, G.M. Lanza, C.T. αvβ3–Targeted nanotherapy 
suppresses inflammatory arthritis in mice. Pham, FASEB J. 23 (2009) 2978.

30. 	H.F. Zhou, H. Yan, A. Senpan, S.A. et al. Suppression of inflammation in a mouse 
model of rheumatoid arthritis using targeted lipase-labile fumagillin prodrug nano-
particles Pham, Biomaterials 33 (2012) 8632-40. 

31. 	H.F. Zhou, G. Hu, S.A. Wickline, G.M. Lanza, C.T. Synergistic effect of antiangi-
ogenic nanotherapy combined with methotrexate in the treatment of experimental 
inflammatory arthritis. Pham, Nanomed. (London, England) 5 (2010) 1065-74

32. 	G.A. Koning, R.M. Schiffelers, M.H. Wauben et al.Targeting of angiogenic endot-
helial cells at sites of inflammation by dexamethasone phosphate–containing RGD 
peptide liposomes inhibits experimental arthritis. Arthritis Rheum. 54 (2006) 1198.



Hücresel Tıp ve Medikal Biyoteknoloji Uygulamaları 133

33. 	X.L. Xu, W.S. Li, X.J. Wang et al. Endogenous sialic acid-engineered micelles: a 
multifunctional platform for on-demand methotrexate delivery and bone repair of 
rheumatoid arthritis Nanoscale 10 (2018) 2923-35

34. 	Y. Matsumura, H. Maeda, A new concept for macromolecular therapeutics in cancer 
chemotherapy: mechanism of tumoritropic accumulation of proteins and the antitu-
mor agent smancs. Cancer Res. 46 (1986) 6387-92

35. 	M. Durymanov, T. Kamaletdinova, S.E. Lehmann et al. Exploiting passive nanome-
dicine accumulation at sites of enhanced vascular permeability for non-cancerous 
applications. Control. Release. 261 (2017) 10-22

36. 	T. Ishihara, T. Kubota, T. Choi, M. Higaki, Treatment of experimental arthritis with 
stealth-type polymeric nanoparticles encapsulating betamethasone phosphate J. 
Pharmacol. Exp. Ther. 329 (2009) 412-7

37. 	S. Mitragotri, J.W. Yoo, Designing micro- and nano-particles for treating rheumato-
id arthritis Arch. Pharm. Res. 34 (2011) 1887-97

38. 	N. P. Truong, M. R. Whittaker, C. W. Mak, T. P. Davis, The importance of nanopar-
ticle shape in cancer drug delivery. Expert opinion on Drug Delivery 2015,12,129-42

39. 	P. Prabhu, R. Shetty, M. Koland et al. Investigation of nano lipid vesicles of methot-
rexate for anti-rheumatoid activity. Int. J. Nanomedicine 7 (2012) 177-86

40. 	A.L. Boechat, C.P. de Oliveira, A.M. Tarrago et al. Methotrexate-loaded lipid-core 
nanocapsules are highly effective in the control of inflammation in synovial cells and 
a chronic arthritis model. Int. J. Nanomedicine 10 (2015) 6603-14

41. 	N.K. Garg, B. Singh, R.K. Tyagi et al. Effective transdermal delivery of methotrexate 
through nanostructured lipid carriers in an experimentally induced arthritis model 
Colloids Surf. B. Biointerfaces 147 (2016) 17-24

42. 	Zhao J, Zhao M, Yu C et al. Multifunctional folate receptortargeting and pH-respon-
sive nanocarriers loaded with methotrexate for treatment of rheumatoid arthritis. 
Int J Nanomed 2017;12:6735.

43. 	J. Ye, Q. Wang, X. Zhou, N. Zhang, Injectable actarit-loaded solid lipid nanopartic-
les as passive targeting therapeutic agents for rheumatoid arthritis.Int.J.Pharm. 352 
(2008) 273-9

44. 	Higaki M, Ishihara T, Izumo N et al. Treatment of experimental arthritis with pol-
y(D, L-lactic/glycolic acid) nanoparticles encapsulating betamethasone sodium 
phosphate. Ann Rheum Dis 2005;64:1132-6.

45. 	H. Lee, M.Y. Lee, S.H. Bhang et al. Hyaluronate-gold nanoparticle/tocilizumab 
complex for the treatment of rheumatoid arthritis. ACS Nano 8 (2014) 4790-8

46. 	M.L. Corvo, O.C. Boerman, W.J. Oyen et al. Intravenous administration of superoxi-
de dismutase entrapped in long circulating liposomes. II. In vivo fate in a rat model 
of adjuvant arthritis. Biochim. Biophys. Acta 1419 (1999) 325-34

47. 	K.A. Howard, S.R. Paludan, M.A. Behlke et al. Chitosan/siRNA nanoparticle-medi-
ated TNF-alpha knockdown in peritoneal macrophages for anti-inflammatory tre-
atment in a murine arthritis mode Mol. Ther. 17 (2009) 162-8

48. 	P.J. Richards, A.S. Williams, R.M. Goodfello at al. Liposomal clodronate eliminates 
synovial macrophages, reduces inflammation and ameliorates joint destruction in 
antigen-induced arthritis.Rheumatology (Oxford, England) 38 (1999) 818.



Hücresel Tıp ve Medikal Biyoteknoloji Uygulamaları134

49. 	M. Hayder, M. Poupot, M. Baron, et al. A phosphorus-based dendrimer targets 
inflammation and osteoclastogenesis in experimental arthritis. Sci. Transl. Med. 3 
(2011) 81

50. 	Q. Ban, T. Bai, X. Duan et al. Noninvasive photothermal cancer therapy nanoplat-
forms via integrating nanomaterials and functional polymers Biomater Sci. 5 (2017) 
190-210

51. 	S. Pervaiz, M. Olivo, Art and science of photodynamic therapy .Clin. Exp. Pharma-
col. Physiol. 33 (2006) 551-6

52. 	A. Hansch, O. Frey, M. Gajda et al. Lasers Photodynamic treatment as a novel appro-
ach in the therapy of arthritic joints Surg. Med. 40 (2008) 265.

53. 	Y. Lu, L. Li, Z. Lin et al.Adv. A New Treatment Modality for Rheumatoid Arthritis: 
Combined Photothermal and Photodynamic Therapy Using Cu 7.2 S 4 Nanoparticles 
Healthcare Mater. 7 (2018) e1800013.

54. 	X. Huang, I.H. El-Sayed, W. Qian, M.A. El-Sayed, Cancer cell imaging and photo-
thermal therapy in the near-infrared region by using gold nanorods J. Am. Chem. 
Soc. 128 (2006) 2115-20

55. 	S.M. Lee, H.J. Kim, Y.J. Ha et al. Targeted chemo-photothermal treatments of 
rheumatoid arthritis using gold half-shell multifunctional nanoparticle. ACS 
Nano7(2013)50

56.	 P.K. Pandey, R. Maheshwari, N. Raval et al. Nanogold-core multifunctional dendri-
mer for pulsatile chemo-, photothermal- and photodynamic- therapy of rheumatoid 
arthritis. Colloid Interface Sci. 544 (2019) 61-77

57. 	Kim HJ, Lee S-M, Park K-H et al. Drug-loaded gold/iron/gold plasmonic nanopar-
ticles for magnetic targeted chemo-photothermal treatment of rheumatoid arthritis. 
Biomaterials 2015;61:95-102.

58. 	H. Namatame, J. Akimoto, H. Matsumura et al. Photodynamic therapy of C6-imp-
lanted glioma cells in the rat brain employing second-generation photosensitizer 
talaporfin sodium. Photodiagnosis and photodynamic therapy 2008, 5, 198

59. 	E. Torikai, Y. Kageyama, E. Kohno et al. Photodynamic therapy using talaporfin 
sodium for synovial membrane from rheumatoid arthritis patients and collagen-in-
duced arthritis rats. Clin. Rheumatol. 27 (2008) 751.

60. 	Z. Lv, H. Wei, Q. Li et al. Achieving efficient photodynamic therapy under both 
normoxia and hypoxia using cyclometalated Ru(ii) photosensitizer through type I 
photochemical process. Chem. Sci 9 (2018) 502-512

61. 	S. Bagdonas, G. Kirdaite, G. Streckyte et al. Spectroscopic study of ALA-induced 
endogenous porphyrins in arthritic knee tissues: targeting rheumatoid arthritis PDT 
Photochem. Photobiol. Sci. 4 (2005) 497-502

62. 	A. Nakamura, T. Osonoi, Y. Terauchi, J. Relationship between urinary sodium exc-
retion and pioglitazone-induced edema Diab. Investigat. 1 (2010) 208.

63. 	M. Higaki, T. Ishihara, N. Izumo et al. Treatment of experimental arthritis with 
poly(D, L-lactic/glycolic acid) nanoparticles encapsulating betamethasone sodium 
phosphate Ann. Rheum. Dis. 64 (2005) 1132-6

64. 	C. Zhao, F. Ur Rehman, Y. Yang et al. Bio-imaging and Photodynamic Therapy with 
Tetra Sulphonatophenyl Porphyrin (TSPP)-TiO2 Nanowhiskers: New Approaches 
in Rheumatoid Arthritis Theranostics Sci. Rep. 5 (2015) 11518.



Hücresel Tıp ve Medikal Biyoteknoloji Uygulamaları 135

65. 	F.U. Rehman, C. Zhao, C. Wu et al. Synergy and translation of allogenic bone mar-
row stem cells after photodynamic treatment of rheumatoid arthritis with tetra sul-
fonatophenyl porphyrin and TiO2 nanowhiskers. Nano Res. 9(2016) 3305.

66. 	Q. Tang, J. Cui, Z. Tian et al. Oxygen and indocyanine green loaded phase-transition 
nanoparticle-mediated photo-sonodynamic cytotoxic effects on rheumatoid arthri-
tis fibroblast-like synoviocytes. Nanomedicine 12 (2017) 381-93

67. 	A. Singh, Y.H. Seo, C.K. Lim et al. Biolighted Nanotorch Capable of Systemic Sel-
f-Delivery and Diagnostic Imaging. ACS Nano 9 (2015) 9906-11

68. 	M. Fournelle, W. Bost, I.H. Tarner et al. Antitumor necrosis factor-α antibody-coup-
led gold nanorods as nanoprobes for molecular optoacoustic imaging in arthritis. 
Nanomedicine 8 (2012) 346.-54

69. 	F. Dai, M. Du, Y. Liu et al. Folic acid-conjugated glucose and dextran coated iron 
oxide nanoparticles as MRI contrast agents for diagnosis and treatment response of 
rheumatoid arthritis. J. Mater. Chem. B 2 (2014) 2240-7

70. 	P.M. Valencia, O.C. Farokhzad, R. Karnik et al. Microfluidic technologies for accele-
rating the clinical translation of nanoparticles Nat. Nanotechnol. 7 (2012) 623-9

71. 	D. Dehaini, R. H. Fang, L. Zhang, Biomimetic strategies for targeted nanoparticle 
delivery.Bioengineering & translational medicine 2016, 1, 30-46


