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ABSTRACT

Polydeoxyribonucleotide (PDRN), a biologically active mixture of deoxyribonucleic acid fragments, has demonstrated
regenerative, anti-inflammatory, and anti-ischemic effects across diverse preclinical and clinical models. Mechanistically, PDRN
exerts its therapeutic actions through adenosine A2A receptor activation, provision of nucleotide precursors for DNA synthesis,
and modulation of inflammatory and angiogenic pathways, thereby promoting tissue repair in wounds, osteochondral defects, and
degenerative skin conditions. Traditionally sourced from salmon testes, conventional PDRN formulations face challenges related
to raw material stability, immunogenicity, production costs, and batch-to-batch variability. Recent advances in microbial
fermentation using plant-derived lactic acid bacteria (LAB) offer a sustainable and safer alternative for PDRN production.
Furthermore, PEGylation of PDRN (PEG-PDRN) has emerged as a promising strategy to enhance pharmacokinetic profiles,
prolong systemic circulation, reduce immunogenicity, and improve formulation stability. Preclinical and clinical evidence supports
the efficacy and safety of PDRN and PEG-PDRN in wound healing, angiogenesis, osteogenesis, and skin rejuvenation. Future
research directions include optimization of PEGylated formulations, large-scale production using LAB platforms, exploration of

combination therapies with growth factors or stem cells,

and molecular-level elucidation of mechanisms. Collectively,

plant-derived PEG-PDRN represents a next-generation regenerative therapy with translational potential for both medical and

cosmetic applications.

Key words : polydeoxyribonucleotide (PDRN), tissue regeneration, adenosine A2A receptor, PEGylation, lactic acid bacteria-derived

PDRN

.M B

Polydeoxyribonucleotide(PDRN)= YA g =719 T]SA
Yra 2zto 2 o] o A 7 2=, &
zlo] S F8ta ¥, F3E &3E Yedle
2 A ATk, 2) PDRN-S o}H =2l A2A &4
M§].g}oq il lacy quﬂ skal Q””\]"g% e

" junskim@ut.ac.kr

n) g Hopo| T 22 A} w5 zw A7} HAEEA
g Wyt 6% g5 ks, 9).

712 PDRN2 =2 A (Oncorhynchus mykiss, Oncorhynchus
keta)®] AAMEANA FZH DNAE AHASIT A==,
olggjots} F=-3 HIRT oY vl I AA = TN
5o} $tti(10). 12t o273 F= 2 PDRN2 H&2f ¢F
B2 81, A4k ol Ae] W g, F Sol khd 2
Ao tat $eirl N&H o7 A|7|Eo] rk1l). Eat
thtE Pl tEAY 53 A7) oA dolee) A%



E2|HSAI2|2 28 QE0|=(PDRN)S X2 &51t ¢it-JHgel o= MY 15

A A, A &8 g 2YEo] Hu
ole] W} HZell= A&
bacteria, LAB)S &8¢t ] PDRN Aj4to] 5T Q)
nA3E LR 7|9ke] PDRN A4hS 98 gR7E golstal, %
4 480 Hls) F Sold 9 A Fas EY
JdoeE Aol UAth13). 53], AEL
Recognized As Safe(GRAS)ZE UL F57} ol 414
24§ 7hsAdol o, A B EEsE 9 o 74k
= fg3ith o yolr), H2 AToll4= PDRNS| A W
AT oFESA ®eS Askslr] 9@l PEGylation
(polyethylene glycol A3} 71&S H&3lH= AT/t olF
oJA 1L AT} PEGE T4, E\:]E]rolc L R Ll et R
o] QFHAL mo|T AY B E AARE= o dE] B8
o] £ m(14), PDRN®] PEGZ 75‘%“‘% 75 A W AF
AZto] F7stal 22 A BT EE 7HsAdol A E
Ak webA A=A Akt 2 PDRNO) PEGE 2%
F A AA S 71E Aol e AAY dAE S5}
, Bop QP8 A o]l 75 o] ke AAIY) nlo] 2.0 ofF
2 BH1Y F e Fag AT wEFelg & 4 rh
2 FHoA= 7= PDRNY] BESHY EA43 28 714
Oe A8 2 98 9 AAE FHHeR 1EEe F
Alell, 21 &4 f4kt 2 PDRN % PEGylationS 53 7|
< =95t gt ol Gl &F
PDRN®| A7 3k 442 & 7hsdS AAskaat g

ATK12).
]

d f-4H(plant-derived lactic acid

2 Generally

10 K rd‘ H

o2
ol Olr 0

.ﬂ

1. PDRNQ| 2X} 7|

PDRNO| 83 28 7)3-2 =4 ot A2A 484
(adenosine A2A receptor) 443}, A A FHS B
DNA &4 3|, 121 g5 2 58 a3 gofdrh

A, PDRN2 A EZ Yol A Eai=o] F4 7] 2 72
| QEfo| & HFAE AlFgeh ol g ATAlE &4 Al
Zo A DNA T4 4=, 53] salvage pathways F3l &8
Hoj M F23 22 AyE FXPKL, 2). 53] Aot
ANz} 2k F g M 24 DNA o] S7kst] 4alslrt
251, oL} ASTAHEANAE F2o] F4slE o]
el Ag 22 AA EFE Hols A= LA Utk
4, 6). E4), PDRNL obdl il A2A F8&A1E A=31e] &
A% 2 Y &35 YeRATE PDRNO] 38l &= A
o] A A= ot A2 A2A F8A ol AF3t

%
4 Al EFIRN(C: 1L-10) AAE FE3ha, B0 o

ALl E7FRI(ell: TNF-a, IL-6)2] A& AAZITH3). o] A=
= & oA A= EF WS dAA 27 I
s 2% ol 838 I9&-E gtk = A2A FEA
A=2 A3 3] Ad Q1A (vascular endothelial growth factor,
VEGF)9] #d-& Fxlste] dilAE festal, 518 =3
oA 2kA9} Y FFS SV EN A AEES &
011’4(8 9). A, PDRN< &3]d §35 F3f =32 ¢4 3

=315} 3 €A A% 2ol A PDRNLS AHStAEd|

HOo =

= =

28 THAA7)a, M EAE A apoptosis) & G AISH= AL
X

°]x ¥, PDRNY| &4 7|H& @d A= =3t
A, Az W A AR Bz Al 9] F8A A=,
< zd 94 g A =2 5 tEAe] 2es &3
A AFE FEITE 2ol ol 7S 7)Hke
71& o] {2 PDRNE#RE opz} A= T E 7]t‘} PDRN
3} PEG 2% PDRNO| 7|5 78} 7FsAdo] A
PEGylatione PDRN®] AU wH7]E Od%%}
wo], 99} 2o /14H FTE HTh Azo)
2 A5 & 5 e Aoz Z|ETi2, 14).

uR _ﬂ
N
&2

St
A AT GAlAME i i vh-22 2|4 PDRN
o] Py “’JXHVEGF)«] IS STMA A 385
35k 37 SRIFATHIS). =3 F4 45 55 =4
o4 PDRN< TNF-q, IL-6 52| @& AT o=2H JAF
8- JERIlom(1), Az2E & B Bddie 5
Ao Z23 B3lE 2305t F AAY a3= BATK16).
TR Fofol A AL mFol] o3 Fdt TE R4
ZeRll w3l ALt AfrobME AT EE A=, o]
= 35 72 &3 dsiT)= AFRE ool HTH(17).
AA+ OJ—TLOH/H‘: PDRNY| f&E/40] BIFHI Stk o=
:q]_ 3:}]].__ EH/K]-OE ‘3]- o]}\]-/\]ﬁ-loﬂ/\—]
—t— T M I8 g8y gl 7]ofst
RO (18), TxsHAZ $hato) 314 Y AT A=
g4 AL AFEH TF A AT FRAFHATHL9). =
g 75 WA 3AE g e R & 729 gz ATl
A= PDRN FAVY 55 27 &4 7
BHE BHYoH, 7|E J|L¢FEL FARS} Hlﬂéﬂ% HH 1‘41

_I}J'
(N

e



16

HIO|2AMHAHT H13%, 20251 128

A
8

?l_

ARAZA FPsA0l ANFATH0). BT D2F
E OO @ 9F AFoIME PDRN Hetelo] g
YL FolT P BULS Folt EIE nof ok

G = &8 7HeAdol B ATH2D).

of

< BoEr 2y o] A7 &R A
o= zgH

3}

4 o o fz ot Jz

=

7}

A~

&
A
2k

&

A

E

B

L
L

olst ¢e Ange
A QASAAE B

© PDRNo| thokst %z
A x78A AAFL 71X

o
oft Mo [ o

£ %0 of
fol ox o 1R

Kia

FA Qlol, FF R PP DS
o} ekl AFol WLY Zlo WuHL,

3. ™M 2l StA|(safety & limitations)

PDRN=2 Tk A9l 3 g At A ok Ade] vl
HuHey. @A7HA Baed F24-8-2 o)
8 %'SPE%, HEH o= FAF F9)9] 5
_‘g_o] RuEg o A3 o)At
, 10). ©]#3+ A3+= PDRNo] =
JJ% UER= #gollM Rty 7
HheS rEehA] dete e ST
Z13u} PDRNO| 7141 kAol thek <7
ZE‘}E} o 7 5‘44 A AT @Izke] B 7
g 7o g A7) wiel, A7t v
1 =2 Z3hd v ek shAtel Ao b A
71 0% Fastrh4, 21). T3 PDRN AAlE 95
Az At F4 Aol met S Aol %E}@_
T At HAZE AZIES AE fE A4 548 ds
=2, A W, 8 %ﬁ” ﬂralon w2} A 2k 2ol
AT = glom, 2 A3 sl ede =

ol 9l

l‘[O 4t i
_8, &
o
Qi

L

T ATH2, 3).

Z3AA SHeME @A7F A’ PDRN A= ..L.H]
o Az s S34% 42 A2t ﬁ?ﬂﬂ o] &oll, £
Hod= A = itk 53], A= A A 24 1‘41
FAAT ES] Aeko] §lof 71E %“3«19%011 Hlsf 1
73R o] GojA= FA7E ATh12, 14).

A= PDRNS QAH o7 58 71540 =& Ayxs
Qollw Bslw, 47] b4, FA FAA, vE BAG
F2 QAVE EART. FF AT BEskd Alx 3 &
I it A7) GRS S8l oled A S siAst
WFO R o] Fojxol & otk

4. PEGylation 7|51t &
its applications)

2(PEGylation technology and

PEGylation ¢F=clu} AAEAL Zglolda=e &

(polyethylene glycol, PEG)S &F2%Al 7]% 712, A

W g oelsha B PPATIE Ao de A
853 itk PEGE AAATA] ¥, Hl%%ﬂ'%*&owﬂ,
A A e WA 59

oFeh A, Felo| =, A 7|HE X
4= ghtk12, 14).
PEG A%<

Tl e e A e A, Al

l‘l

) W77 Aol PEGE EAe] 2719 85 27}
NA A el mE AAE A, BF 8 AL
AN A, DU ga Dah ok PEGE AR
wuldolu} alate] Ao ofs) AAEE AL Awksted,

BE)
B Eof A BAT F e A urg
QLA FJAolth PEGE
47 BINZFE BB A%

H'ﬂ
el
&
i)
ol e
=2
R
r [e]
ol
o,

-
85H

PEGylation ©]7] TheFgt X 54 7ol 285
 FsEE o] Folwl vl Stk tiEH o= v BE HE A
5o AME-E+= PEG-QIHHE &I (Peginterferon-a), 55 |
A4 HZZE A 0] 2(Pegloticase), AT AZF X 8A 31
I 72k ~Bl(Pegfilgrastim) 5°] .2™, o] &2 PEGylations
Sl 71 AA tin] Fo 31Ao] AojA|a k8 FA|7} Ah
g Aol slEeth24). T3 siRNA 7]8F X 54| 9F 2
A2k o] oFFol| A = PEGylations 283 LAl g o] 7iLE]
o o Y A& S NAAF vk ATH2)S).

PDRNe| PEGylationg &-&% A= FASE o]dS
71the 4= Stk PEG-PDRN-2 AW A F{ Alzko] Axhe o]
ZZ] ;q]}\g =i} 6]—0212. §34_7]. EE} ;qﬁ:;ﬂ o Z d3lE A
oW, B Ra] 4B T WA £LEE
o B4 AE QgAS el 4] Bkl Sgo] gols
A 4H A7t 2A PR Aotk 53, AE f
AZA F2 2|7} £AIA == PDRNS] EA4S 11T of,
PEG 232 ¥4 #24e FHdh= $a7
2 5 ATH2, 3).

t o7k PEG-PDRNS T A8 olye} 764 4
ANZA ] &E 7R E A dF S0, Y=YAh stol
t:iyﬂl,]_/] @' AL/_:EJ]O]] PEG- PDRNE %l—z]] o].l:r-] i—/\ﬁ
ojaL A|&AR] W] JhsdlA A A8A, 27 FHE
2INEE, e Fxd SF 2AZHA S8 F AT
R AARIAG E71M1E A Bk 8D 7%, PEG-PDRN
Z4E 9T MARAS 2YR 3% 3
= 71 4= Atk ol2g HollA PEG-PDRN 7]& &
of el AAe] FAE =&AL, At A 8A B 754

4 FH=E HriEG

dlol o AR WAY F g o4

]
=

ol AE Y= 3

foi



220 SAI2 22 QE0I=(PDRN)2 XX &= ¢i7t-JiYe Oj2f ®Y 17

5. &% M(future directions)

PDRN 97202 teofst a9t 43HAe, 1 4
& $Asta 7|12 dAE S8 A M2 A
Tk HZoll= PDRNS YAl B slo| =2
ate] oFE

S5 dhe AF7F AEE T ATh4, 10). o213 A g8t
2 7l42 PDRNO| AA| U] A X5 &35 FA
72313 4 Atk AolA FEHAT BHeF PEGylation 7]&S
Z4-3+ PDRN(PEG-PDRN)-S 7l&-gtchd 2)u) wztr] A4,
A A T, oFE Ao Ao 75 o Aol o

K12, 14). =3, PEG-PDRNLS HHE 2o 32 Zo]3

A 58S Fola, AHH HES

T=
FEE A/ FAT F glol, B BAYH £3ES =
o, A4t B AAIS IlN FA FEHL H0E 5 9

+ FollA] 7]& PDRN AAe] dAE AT 5 ot

3, 71& o] B4 f PDRNO| zte 945 o|&A 9
AAE Aoks SEE] 28] AE8 ik 5 HE 9 BA
Vs 7Y dEE E83 A4 o] Hesith V&
2 Fol A FEEE A o] Ea1, dE SRV §
olstm, &7 31317 g A4ko] 7hssithe HellA A A
olZ o] Ath2, 3). Wt PEG-PDRNI} -4k 2] PDRN
AR AA Y EAE-LE vE A 228 A s

2R F 9 A tele s AT + vk
P

M T

o
Y

] X571 7EE RopollA BHE a¥e
e 4 Qe T8 TFsdoE AAHL
a8y EAEEol Ao 2H8- 7)1 o2 SES|
otk oftl Al A2A &A vzl At Fag 9T
She ZoZ dEA o, AE Y 2ladd H=29) #
Az 24 712 F7HEQ1 A7 B asttk(17). olE
gk BA13 olajzt SRECE, R 85 TEy 24
3l A5 A o 88 A5ty ZAE AT Aotk
229 AIF ZHollA] PDRNS 1# 3} Ao A )5}
2 QA F st X5 et a2 A% WA
7HzIt}. 53] PEGylation®} ikt el A4k S22
PDRN AAE H& AAE Q& nlo]ojofg o=z
] 7 o, Thekst o8 gl v]8 4k} RofllA &
HE F Jdo14). kA S AFE PEG-
o] AF HZ 3}, faket 719 A4t 71E T, HE A
5 A N, a8la BAeE 71 Al $8S Folof

& Aol

tlo o n%k

i al
¥o,
wl\)
£
i
ol
t
ﬁl{
o,
ox
R
(e
()
2
>
N,
N

o

o py

rlo

?;53_

]3]
=

oo = Ml I8 rr

NS
off [UW
S
oL
to

o
o
z
o
ol

2
.

2 ZREL A5 A vE A WA 71E Ao
frefl AAL] SAE SES 5 e ticke] Aok =3 44
A7} - 7 E X 5eke] W, YeyAl - sto] =24 7|8k
AGsl, BATE 71 AHS FF AFolA T8 HA
2 o} ok

%334, PEG-PDRN¥ 4+ 2 PDRNS| 7|2 =}
At A e)st 9L nlo] QAo A SHEA - AYH JIAE
SAl A A wgo 7 JriEn, o2 93 A& 3
ATt 2 Sl Hasit

1. Galeano M, Bitto A, Altavilla D, et al. (2008) Polyde-
oxyribonucleotide stimulates angiogenesis and wound
healing in the genetically diabetic mouse. Wound Repair
Regen. 16, 208~17.

2. Squadrito F, Bitto A, Irrera N, et al. (2017) Pharmacological
activity and clinical use of PDRN. Front Pharmacol. 8,
224.

3. Bitto A, Polito F, Irrera N, et al. (2011) Polydeoxy-
ribonucleotide reduces cytokine production and the severity
of collagen-induced arthritis by stimulating adenosine A2A
receptor. Arthritis Res Ther. 13, R123.

4. Kim JH, Park EJ, Han YS, Sung JH. (2020) Clinical
efficacy of polydeoxyribonucleotide in the treatment of
knee osteoarthritis. Ann Rehabil Med. 44, 197~205.



18

HIO|2AMHAHT H13%, 20251 128

10.

11.

12.

13.

14.

15.

. Lee HS, Rho YK, Lee JY, et al. (2019) Effects of

skin  fibroblasts:
Implication for wound healing. J Dermatol Sci. 93, 58~66.

polydeoxyribonucleotide on human

. Guizzardi S, Galli C, Govoni P, et al. (2003) Polydeoxy-

ribonucleotide (PDRN) promotes human osteoblast proli-
feration: A new proposal for bone tissue repair. Life Sci.
73, 1973~83.

. Kim W, Yoon DS, Lee JW, Lee JH. (2020) Effect of

polydeoxyribonucleotide on tendon healing in a rat model.
Orthop J Sports Med. 8, 2325967120921535.

. Jeong JY, Kim JH, Cho HJ, et al. (2016) Polydeoxy-

ribonucleotide improves ischemic wound healing by
promoting angiogenesis through adenosine A2A receptor

activation. Mol Med Rep. 14, 3885~92.

. Bitto A, Irrera N, Minutoli L, et al. (2011) Polydeoxy-

ribonucleotide improves tissue repair in experimental colitis.
Lab Invest. 91, 852~64.

Ko EJ, Kang EK, Lim SK, et al. (2013) A randomized,
double-blind, placebo-controlled trial of polydeoxyribo-
nucleotide in the treatment of pressure ulcers. Ann
Dermatol. 25, 454~61.

Kwon TR, Oh CT, Choi EJ, et al. (2021) Polydeoxy-
ribonucleotide in regenerative dermatology and aesthetic
medicine: Literature review and clinical applications. Int
J Mol Sci. 22, 4125.

Veronese FM, Pasut G. (2005) PEGylation, successful
approach to drug delivery. Drug Discov Today. 10, 1451~8.

Jeong JY, Lee SJ, Kim JH. (2023) Development of
microbial-derived PDRN for therapeutic applications:
status Biotechnol

Current and future perspectives.

Bioprocess Eng. 28, 1~12.

Knop K, Hoogenboom R, Fischer D, Schubert US. (2010)
Poly(ethylene glycol) in drug delivery: Pros and cons as
well as potential alternatives. Angew Chem Int Ed Engl.
49, 6288~308.

Guizzardi S, Galli C, Govoni P, et al. (2003) Polyde-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

oxyribonucleotide promotes angiogenesis in a murine

model of peripheral ischemia. J Vasc Res. 40, 481~8.

Lee SY, Park JH, Kim YS, et al. (2015) Polyde-
oxyribonucleotide enhances bone regeneration in calvarial
defects. J Korean Assoc Oral Maxillofac Surg. 41, 182~8.

Kim JW, Park JH, Lee JH, et al. (2010) Effect of
polydeoxyribonucleotide on UVB-induced photoaging in

hairless mice. Korean J Dermatol. 48, 365~73.

Kim JH, Kim HJ, Lee YJ, et al. (2016) Clinical efficacy
of polydeoxyribonucleotide injection in acne scars and
skin rejuvenation. J Cosmet Laser Ther. 18, 196~200.

Altavilla D, Bitto A, Polito F, et al. (2009) Polyde-

oxyribonucleotide improves angiogenesis and wound
healing in experimental critical limb ischemia. J Vasc

Surg. 50, 98~105.

Lee JH, Cho YS, Kim DH, et al. (2014) Polyde-
oxyribonucleotide injection versus hyaluronic acid injection
for knee osteoarthritis. Knee Surg Relat Res. 26, 151~7.

Pecora P, Polito F, Bitto A, et al. (2016) Polyde-
oxyribonucleotide eye drops in the treatment of dry eye
disease: Results of a randomized clinical trial. Eur J
Ophthalmol. 26, 405~11.

Pasut G, Veronese FM. (2012) State of the art in
PEGylation: The great versatility achieved after forty
years of research. J Control Release. 161, 461~72.

Harris JM, Chess RB. (2003) Effect of pegylation on
pharmaceuticals. Nat Rev Drug Discov. 2, 214~21.

Bailon P, Berthold W. (1998) Polyethylene glycol-
conjugated pharmaceutical proteins. Pharm Sci Technol
Today. 1, 352~6.

Suk JS, Xu Q, Kim N, Hanes J, Ensign LM. (2016)
PEGylation as a strategy for improving nanoparticle-based

drug and gene delivery. Adv Drug Deliv Rev. 99, 28~51.

Received Nov. 23, 2025, Revised Dec. 22, 2025, Accepted
Dec. 24, 2025



