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Emulsion containing near—infrared absorber and CpG motif for

photothermal cancer therapy

Jayun Ha

Department of Chemistry, The Graduate School,

Pukyong National University

Abstract
Water-in-oil emulsion (W/O) is a kind of substance in which the water phase is
dispersed in the oil phase in a colloidal state. Here we report an emulsion made
using Lumogen® IR788, an organic near-infrared (NIR) dye absorber, and an
immune adjuvant CpG as the water phase, to be used as a photothermal therapy
agent. Inclusion of IR788 in the emulsion gives it the ability to convert light
energy into thermal energy, which is then immersed in high-molecular
nanoparticles to further increase its stability and hydrophilicity. Furthermore,
unmethylated CpG oligo fragments can be used alongside NIR absorber as an
immune activation adjuvant, enhancing the cancer therapeutic capability of the
emulsion by inducing immune activity, in addition of the photothermal therapy.
The resulting emulsion was then analyzed for its ability and characteristics as a
photothermal agent using hyperthermia test, while its immune activation in

cancer treatment was observed through in vivo test.
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Polyriboinosinic polyribocytidylic acid (poly(I:C))4Y4 CpG
Oligodeoxynucleotides (CpG ODN) ¢} #2 W B ZAHE o] &3}

W F=AA AE Y9 toll-like receptor (TLR) o] Q12 5o &3

kR

AT gel GAE D AolY FALE AAT F Ak,
HE REAY P90 WY Mg BA Ag ArgozAe o

dd, volar Aot g2 245 5 F UG oS A<

o] &= £ . MU olgig Ygs wgor FG F54
7] 9% Lumogen® IR788—semi interpenetrating network
formation (IR788—sIPN) ¥} W ®HZxA 23831 719 CpG
ODN1826&% &%t oddd EA& FE & AmAE A3
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29 1 2AYHE o0& BP W AR BH A, FAIA
A9A Hge AL wol FF AETET APE o] B,

]_
RE FEATE A9 EEXAE ASH HZF7F A F5TH.

AEAZ AolA de F OAAI FER)E=E AAHE Fabd

5

Ede Fd9. F AA= &MY 824 2 WA 9T
st= A% A (continuous  phase) &4 s we

=
AF (dispersed phase)® Y =d, oy AHAol H 4 (oil

a
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phase)o] 11 EAFAFo] F A (water phase)? A$E gEHU A
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RNol FE5EC o, odEd AxE 93 mineral oil&
AE&Ao g o L3937 Span 80, Tween® 80, Triton™ X—100 A
7FA o] & AWMSAHAE FAE AFESAT. AELEGA o &
Al, G AE G A vl TF AP ALY AFE o] b A
quAL AT F o Qg U mlele AW g A=
%14 (hydrophilic) al X4 (lipophilic) & %+ EA=2
TAEY FAY FEHeE dUdE dEdeAd MR N EHE=
Ao #8E 7FE £ ot

A o

%

a8 3 dqEd Az AL&"E #F3A +ZF4. (A) Span 80 (B)
Triton™ X—100 (C) Tween® 80
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6571 ¢l PPO(polypropylene oxide) At& = FA 5o ¢}, 126

o]Z Q& AFA PPO HEo] Fo]lE o]Fn [R788L wo]A

LA T EASL, 44 PEO F R FFAE FACER
wAEA A = A "

n=65 m=100
28 5 %A ujAd IE A Pluronic F127 #+F4. & T 42 PEO

A& o] 10070, T4 PPO A€l 652 o] F oA Y.

IR788% A&t mlojA R ZE Fl127¢ 254 7w A
¢l PETA (Pentaerythritol tetraacrylate)ES ©Hdl= JF A AL
ZAbetH mpol A F Ao 2EW Fx9Y Jtw Aol FA L. BT

PETAS %4 72 o= e IR788-F127 wioldl Fx+=

y

IR788—sIPN T+ %% ¢A4 %ttt IR788-sIPNS 7w A= 7 13
A3dtE o] ¢ 7] W [R788—F127 wfol Aol HEa s =7 A
T RBEHHA 2= <A E AHE ®BHAT. tlEo, IR788—sIPNE

o] F 1 Q& F1272 AA A Aol Hold ZAZA AL A
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I3 6 sIPN9 7}3 A Pentaerythritol tetraacrylate (PETA) 9

H,C

F24.

- PPO
- PEO ‘ { X
F127 IR788 PETA

)
‘,'AM N >
DAY
”ﬁ\\\ - i
{ " irradiation

IR788-F127 IR788-sIPN

1Y 7 IR788% ##% sSIPN 2%, &FA4 IR788 FA9
F1278 PPO #&£o] TAFE olF9 AMZHHA mlojds IA
. IR788—-F127 wmio] Ao AL S ZAstd PETA 7Ha A7t
AFA I 21E FEE FAH3 IR788-sIPNS I &},



t}. CpG ODN

vhe gote] A @3+ DNA T vl wEst AE9 Cytosine—
phosphate—Guanine (CpG) motif¥ toll—like receptor 9(TLR
9 el & QAA"EY. TLR 9 WY REgeo] A= FAA
Az Axue EAstes FE&AY. TH7F A el CpG
oligodeoxynucleotides (ODN)©o] Fo %™, CpG TLR 99 9 3|
A8 Az E AAH=H ol ETH7F2 ODN2 HEs Ho g§l7]
HEoltt. TLREZ 3 AAHe "o dtg2 19 FH9]
AzAe dd=H7] A QT He AAZE 2. /v,
TLRe 93 AdsgE #Y = =% (endosome) HH=Z
WAaste & Alxd g A4 + Sl TLR #9 28= A
o] F o X t}.
Wl HEAZ ALE S CpGE ODN 1826 f7IMA=E 9
o AAE A== S8 32 DNAo| Y. Nucleaseo 93 CpG9
ah B ATE AAdAZI= Ao Z 24HZ phosphorothioate

backboned o] &3 <AAS =g}, 28

tﬂoﬂ

kv

10



base
HO 0

P base
S=—P—0 o

OH

1% 8 CpG ODN 1826 motif backbone. Phosphate backbone &
phosphorothioate backbonel 2 WHI A L1 E A L3I .

base = Adenine, Guanine, Thymine, Cytosine

TLR 9¢ 93 AdA= CpGe FALGAEE ASAA FAY

)
WA sk, S MHC  class® &A=
molecule) CD40, CD 80, CD86 =
class I CD4+ T AHMxEeo & Z2ZS AAstY CD4+ T

AXE FA3syg. &4d3te® CD4+ Th2 AEE B AHAXE
A=etel FAAEE A7 #3t¥ B AEZe= FAE
Agstel W &S dozlth. CD4+ Thl AEX+= AEXHA
THXZ s 2 AxE A gst] TF AXE 503 o=
dystE=s v, CpG F sty ODN 18262 © & WY
AL vuws 71 ZFEIF Thl 949 &S doad = d&
Aoz d#A Qv FEAFHEA CD40, CD 80, CD86
11
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0. 23 YA F54 IR788—sIPN A%

IR788—sIPN Az 23 Pluronic® F-127(CAS no.
9003—-11—-6) 9 Pentaerythritol tetraacrylate (CAS no. 4986—
89-4)% Sigma AldrichZ% & Fujalr] Argsdct. 24
%+ A9 Lumogen® IR788 (CAS no. 333304-54-4)&
BASFel| A Fujstglth. Stock solution #Al & % 3] 4o = ultra-—
pure water(18.5 MQ) (Millipore)& A3, @4 FHF
Ao ALg3 FHAFHFF7]E Rotvapor R—3 (Buchi)©] tt.
IR788—-sIPN #3734 54 gdd= A3 AAF 53 ~HEH
=4 &  SpectraMax® M2 Microplate Reader (Molecular
Devices)E ol €33 11 F9WL2 Light path 10mm* inside width 2

mm quartz suprasil (Hellma Analytics) S ©] €3} % ¢}.

2. A"y A

jin)
K

7. 2389 A &4 A Lumogen IR788¢] X3 d SIPN
vtol A F A A

IR788—sIPN9 A% AL 71899 Ztl. Pluronic® F—

127 (F127)% chloroforme] =4 10 wt% F127 solutions
13



AZsrk. 10 wt% F127 solution 5 mL 9 Lumogen® IR788

(IR788) 15 mgs Hioldo ¥ xu E3rstr. F1273 IR788
s o5 et =W Al A chloroform= 2443 A A T 4.5

°
mLe FHFFE Y31 A2 200 rpm shakerel] 12A17F o)A+
BTl e = o Pentaerythritol tetraacrylate (PETA) &
chloroformell %A 100 mg/mL solutiong A Z3}3 Hfo] &9
PETA solution 125 g L& ¥ FF o 2447 o] A ZA A
PETA film& A zsth. A2 F127 IR788 &
k5 ¥ PETA file Hfo]Zo] YW 2

shakere]l 1243t o] wRbgv. wwbel ¢k who] %o
obEE NtAE AY AL E gl L

ufo] o] HEafE X A AT, ALV Fo7HA EA
Fostn HoldS AW FHAE A 50 C UV AR 2z
BEe 1.5 W/em?S A7I2 A9 A (ZE 320-500 nm)S
ZAbsl PETAE F127 7t Azt Ao, #dolA xA7F £

gHe oA A1, 0.2 gm syringe filters o] &3

T &S A A IR788-sIPNS ¢4 st}

52 Azt

14



¥ 1IR788—-sIPN5mL AZXE 3 Hod Ao FFa F127

thE] Aok =AdH].

A] oF &% (g) FL27 o
Aok 24 (%)
F127 0.5 100
IR788 15 3.00
PETA 12.5 2.50

Transfer

A
lj IR788 S 3 P27 X peTA

gggigg

I\ — — —
O 5 - J * A
A2 W
o B %0 4;* )&‘
M S =
F127-1IR788 F127-1R788 F127 micelle - IR788 F127 micelle - IR788 IR788-sIPN
(chloroform) film (water) PETA mixture

1% 9 Lumogen sIPN 4 #4 /M&Fx. (A) F127-1IR788 &g
= &M #FF THF, B) FF F49 F nw, (C) PETA film %
F127 micelle—IR788 &%, (D) A& A ZAE crosslinker 7l
2% 4.



;. IR788—-sIPN9 #3383 E4
Fd FA IR7880] @A ® sIPN wio]d e F5 ~dEHS

1=]
geolsl7] Y& 550-900 nm I WA THEE FAH3A .

16

——IR788-sIPN in water

Absorbance (0.D.)

'o A A " i A
550 600 650 700 750 800 850 900
Wavelength (nm)

5 o

Mo

19 10 IR788-sIPNE &5 AHEyH, EAL2 E

AE GH oI .

=45 98 Ax3F IR788-sIPN2 100H 3] 439
Abg et =3 A3 IR788-sIPNS 716 nmelA 1.31839
FE7 BEFHYe 808 nm9 ZHYAH FHAoE
& 5% AFE deHlt. o NIR 349 AsE5=
Ab€3E 808nm #ol A A& A IR788-sIPNo| &2 oA



ol e HEHAAel  FA4F(oil phase) A FA S Y& mineral
0il(CAS no. 8042—-47-5)% 4A-d 38t A 1], Span 80 (CAS no.

1338—43-8)= WA A2kl Fm, Tween® 80(CAS no. 9005—
65—-6)3 Triton™ X—-100(CAS no. 9002-93-1)2 Sigma
Aldrichel A 79l skl Ab&stdo. 42 494 FAd
A &8k IR788—sIPN® MY B Z A CpG Oligonucleotide 1826
(CpG)= AF&sklvh. CpGi Bioneerel 4= o #sto CpGY
phosphate backbone < phosphorothioate backbonel =
A AI713L, Bio—RP  purificationg& & oligos T Y39
At g3t o, CpGY sequences X 29 Z ).

X 2 CpG ODN 1826 sequence

ODN Sequence (5° — 3’) Length (NT)
CpG ODN 1826 TCCATGACGTTCCTGACGTT 20

FA Y FAE wHk7] (Ts—14S, Jeio Tech)E o] &8 *F
NS Aol ofdAS wEY. A xd dqEudAded FE =HS 9

Discovery HR—2 (TA Instruments) rheometer & ©] £ 3}%t}.

AEd el gx"E =24 WwE dF= Fdsyl A AT

17



bromophenol blue(CAS no. 115-39-9)& BIO—-RAD A
Tfskel  AREE R AFE R T4 92 Float—A-Lyzer G2
01

Dialysis Device CE 50 kD MWC mL (Repligen) ©] t}.

2. 4¥%d ¥ 4%

7}. IR788—-sIPN® CpG ODN 1826% Aoz A&
Al A A Z

o

dd A A HA  FHA(oil phase)= A F TG
Hio]eto] mpolg 2 ¥ IS o] g3 Triton X—100, Tween 80,
Span 80, Mineral oil £ 2 & 38 TFRFT HolEt. ol
AA F4 dH Atk AL E 3% Zo. AgE BT 4E2

9 X

wpojere Mg Ad s

=5

00 rpm I HEZ] A 6A%F oA wHE
kol FA ALgE S5, FA4S 3% IR788-sIPN stock
solution 100 g L$& CpG 500 pg/pl = 100 pL&
335t 200 pLE FHISH. §4 400 ¢ LE 2 mL Bvlo] ¢

37 4ol 0.5 cm® wdd vy ¥ uvpE o] &3] 1400 rpmo &

S
ik ok wolar IS A™MAM 5 em® FATE F 1w
- du. 1

e Fe EWe FH (10 xL/droplet) 2 Hojx
0F <k 1400 rpmoe 2 wwHrE A& odd(CpG IR788

emulsion) = A4 3},

18



19

E 3 F4 AxE 99 3% Aok TFEH AA §F Uiy
Al ek =4 B
. AA &%F dy
A o % (2)
Aok 24 (%)
Mineral oil 7.984 95.05
Span 80 0.481 4.50
Tween 80 0.042 0.40
Triton X—100 0.005 0.05
? £ 8 =
| e Ty
/ ¢ B3 rF- 1
—y
-
Oil phase Water phase CpG IR788
emulsion
I8 11 /4, 4, dE9d &9 A, F4F F4Y BAAA
Hel Adol dejyr] wEe gEAALE EFWF Fo=
Ueb g o



Y. Hydrophilic—lipophilic balance A4t

A ZFsk ol " A LS Mineral oile]l  t ¥  Hydrophilic—
lipophilic  balance (HLB) ok A A& & 3l of 4 A o]
AHJALA(W/0) FHE oF=4, L4AH9HO/W) FHE

o] F =4 FF& 4 v, HLB A4 A& oS53 #o.
Hydrophilic—lipophilic balance (HLB) =YV_, x,HLB,
A7 AM x, & HLB, %= 7IA & vHlo] AHEIAY FF

H &S oustg. o EAd Az AF&st dHol AWIAA=

37kAolar, & 3 wet A4z T HES % 49 2o,

E 4 AEd Az AHER Hlol2 AWEAAAY FF HE

Surfactant Span 80 Tween 80 Triton X—=100

Weight fraction 0.909 0.0808 0.0101

HLB # < Span 80 (4.30), Tween 80 (15.0), Triton X—
100 (13.4) Pejma A xd odde {49 mineral oil?
HLB # < 5.26°4%. Td#< Fxsw (E 5) mineral oil?
HLB #te] 6(Approx. z1)o] & W dHLE W/O emulsions

=5

20



FAsEE A Fxd CpG IR788 emulsione FAo] Ao
FAE = W/O emulsionle® &A= ASE & F

~

a9 1

—

)

¥ 5W/0 ofdA AL 93] 275 += HLB ¥3d3. (Approx.
Ingredients Gasoline Kerosene Mineral Oil
HLB 7 6 6

Oil phase

Water phase
(Mineral oil)

CpG ODN1826

IR788-sIPN

<Surfactants>

e SPan 80
Tween 80

Triton X-100

Hoz ol g Az



Zo] ®AA7 IR7T88—sIPNF o] 2 o b Ag A7 =72
AE =4S AP, Ao A %9 (shear rate) 10°
Hz~10' Hz~10% Hz 949 o] 2zt M9 oA 5 point (140 &
=4S 2339 tt. Shear rate’} 71852 A w7 7HAad =
A%E Yetd, o dde 4§ log shear rate 0.2 sec '9 ¥ &%
e 20sec'd HE g wwPe W 57.6 % HF FAIA
IR788—sIPN &9 A% 22 AFdAA vlaFds o 17.2 %7

NN

0.4 - —&— Emulsion
—&— IR788-sIPN solution
-0.8 -
©
o 1.2
>
=
n
3
® -1.6
S
=]
o
-2.0
244+ F—F—7—T1T77
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

log shear rate (sec”)
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qHAY Fd 2 FA= A FLoE 808nm A9

#o] 4  MDL-N-808(CNI Laser)® #goz Agsdw
+A A olu A JtdWEk UW-AAA(Seek Thermal) & o

v

SUA -

TXE SAFIY. dolA A A FE FRo- A X2
g5 Hd A =gHdAv A2 Motic AE31 (Motic) o] L
olm| A= 400 W& E A AS 1 Motic Pro 205A (Motic) &

7. IR788—-sIPN& $H3% odd9 F4 a3 53

[R788—-sIPN& 33 oA (e]3t IR788 oldHH)2 ¥4
23 SAHAS AAE ol&dl gF FAAA A F A=
kst 2 Qe P, 808 nm #ol A FYE= 0.75 W/em?,
A A 57 F #HolAE 7 & WEE A FIA.
IR788—-sIPN 2] FEE 500 pg/pl, CpGY 5
pg/pLO® IR788 AEAdE Alste] AFe AP qlrt.
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26.21°C 36.75°C 31.97°C

.

0 sec 150 sec 300 sec 450 sec 600 sec 1000 sec

19 16 @34 7tvaetE 9% cdEdY 2 ¥,

F4d EA IR7889Y wEZeo mWE 2% HEgE FA3F7
9a IR788 ol"x e IR788-sIPN ¥ %E 0, 125, 250, 375,
500, 750, 1000 pg/pLE Y-Fol IR788 dHEAS A s %=
Jd aysEs Ay, (CpG % 2 pg/pl, 808nm o] A
3¢ 0.75 W/cm?)
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IR788 conc. (ug/pL)
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| AET1H

[R788 oldA W &A= IR7882 F+E & t=A 3o
IR788 olddS AZstz 808nm #HoJAES FAFS w, O
pg/nule FEAA Zd wFo] dojux deErr. o] AL
Fdely CpG7F #d A&l 7lojstes EHol oy
olmgtty, IR788 v%=E F7FA Al wek IR788 o4 el;
s SR Ed, 29 17BeA & 4 Xl IR788 500
pg/pl o4 LA IR7889 F=7F S

a7t A SskA gkt wEkA 0.75 W/em®e 9
Abg & A9 IR7882 500 pg/pLe w22 AEste Zo] 7HA
ags ¥ 5 .
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oA 39 0.5, 0.75, 1, 1.25 W/cm? 47}# Z 7 A IR788
dAde Fd a3 HAIHEYT. (CpG ¥% 2 pg/pl,
IR788—sIPN =% 500 pg/pL)
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22 X9 IR788E% @A Q& IR788 oH A t&
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el e 2e ¢ & . 2% 18BE BW 0.5 Wem® 39 &
Algletar 50 T oA 255 7530, 5 Ax IAAE do
T 2dE EF wHed 1, 1.25 Wem’d FHY=
dojue= Fd adesE AU ao] WA I A5 A
BAMMEA & dFS F7] "ol AFdeA ok, wepx HEyd
chapter V9 /n vivo testol+ 59 IR788 =5 E A& 3}~
G AR 2ol WA o= IR788-sIPN &% 500
veg/pl, dolA Y 075 W/em?e xdeo=w A3y I3

% 2 3} st}
Y. Photothermal conversion efficiency A At

Photothermal conversion efficiency (PCE)+= © 29
2] o 7 AAbo] 7% &k B

o hA (Tmax surr) QDls
1(1 — 10— A808nm)

o A& og3ste 500 pg/prl EZE IR788—-sIPN 9]

%
z3d odd dde 243, ¥4 F=E = IR788-sIPN
FE&N AEd B PCEE ®l vk, oW, r=hA4/mpCp
or, e 4 &4 #HdE AR AFER, HolAE B F 22X
A TrddE FA45 FATd F o du. A wE 2=
Aste] A2 2E A Esto] ved A @S 1" 19B9 2o
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I8 19 dolA ZFALe uwWE [R788 ddEAI IR788-sIPN
solution?d &% ® 3. (A) 0~300% 7 dHolA XA T HolAEZ
Z<S W 300~1000&% FZe YEUYE 2% Z4: B) =& A&

HolHZHE d2 At A5

mp, < IR788% £33 A717] 3+ Lujel  AF(IR788
M A, IR788-sIPN F &4 B%E 500 g), Cp= Lo <
&% o =% [R788 oEA2 4% mineral oil®] € &% 1.966

=

J/g C, €N A Eo 9 &3 4.186 J/gTC ot hAE=

hAszCD
T
ol & JR788 o"HA2 hA = 0.918 J/CTsec, IR788—-sIPN

T2 A hA = 1.598 J/CTseco]th. IR788 dH A Hi 2%+

Tmax = 58.342 T, W &% Tsur = 26.556 T, T &N Thax
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lo Hn

= 57.050 C, Teurr = 25.520 C = =A 59}, =49 &
mineral oil ¥ &9 A% Qpis = Qsurr /2 E FHOZ

qurr %}\_%
qurr = hA(TmaX'Tsurr)

ojm g Fuwje] HolAE AT F 2L WIE #HEst IS
o] A9 Qsurr = 0.186 W, IR788—SIPN & N Qqurr = 0.3
Wolth., I= ZARSE #HolA Y gz, #HolA A HH(
em®) ¥ 9 HAG HolA (1.9 WemHE F3tod &S F
W (2.52 W). 808 nm °lAde F EH9 FFHEE 11.405
olm g [R788 odA¥Y IR788-sIPN &4 PCE #H2
11.505 %, 19.838 %2 & IR788—sIPN &8N A H3 7 &0
IR788 olddo vl &k 8% =2 AS A = 9,

th. @olA ZA AF [R788 oHEAL A WH3IE FT

ZE0lE #3
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I8 20 #HolA FAF A
HolA ZA FA el IR788 oHA olvx (B) 808 nm #H°]A XA}
% JR788 oE A o]u X

aF 128 2ol FAel fAd wold F R AHE
BAR omAE I¥ 2094 #FAE F A9, I¥ 202
ol ZFEkA el 2 pLe IR788 oEAS FAH3
AW ZetAs Yol #Fe FsdAn A Aot a9 20A9
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ot HdNtEo R FRoE UK oyA It wobx EFA
FRol: Fx7F FHEY. CpG IR788 olEHd2 W/O olddo=

ptol Al i ol Mg W Aol @A Hol glonE el
A A IR7883 Wl Al CpGZt WEHG. o2 <l
ol A A Fo Al 20BelA dFoew A U= FA9
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Before laser After laser
irradiation irradiation

a9 22 #HolA A AF 9 IR788 oEA AHAL.

EﬂOI A zAF A9 IR788 AFE AL FA4o
FHz BAHR EFBET Aol #@olA
ol 7t BHEw Wxyt AgPos e &
oil(M% 0.8 ~0.87 g/cm®)°] IR788 olHd 9
[R788S %331 9o HL& =49

- = P (e
IR788 oA A ol & 7t AL sdod & 9
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5vke])

- PBS
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- CpGemulsion

- IR788 emulsion

« CpGIR788 emulsion

4T1 injection Treatment and
3X105100uL Laser irradiation Tumor monitoring
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CpG
" - - - -+ +
IR788
-sIPN

19 25 39 AE Ad A&t 229 TE. CpG &5 2

rg/pl, IRT88-sIPN X+ 500 pg/ulL.
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