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B-glucuronidase (BG) is an attractive prodrug-converting enzyme for selective chemotherapy therapy.
Several glucuronide prodrugs have been synthesized for BG and shown to produce potent anti-tumor activity.
The ability to access the therapeutic efficacy of glucuronide prodrugs would be ideal to personalize PG based
enzyme prodrug therapy. However, clinical studies have not yet clarified the relationship between antitumor
effect and BG activity in tumors. Our previous results demonstrate that the near infrared glucuronide probe
(NIR-TrapQG) can be activated by PG and accumulate in BG-expreccing tumors (CT26/mPG) rather than
control tumor. Furthermore, using NIR-TrapG to monitor the endogenous PG-activities in variant human
tumors (Hela, CL1-5, HCC36, SW620, colon205), the result indicate the Hela, CL1-5 and colon205 tumors
are with high BG-activities. In addition, we also demonstrated that using adenovirus to increase expression of
BG can enhance the antitumor activity of CPT-11 and glucuronide prorugs (SN38G, 9ACG). Based on those
results, we propose to image the endogenous BG activity for personalized glucuronide prodrug target therapy.
In this project, the in vitro results of endogenous human BG level and the sensitivity to 9ACG are similar in
the pair of human colon cancer cell models (Colon205 and SW620). However, using NIR-TrapG and X-GIcA
staining to monitor the PG-activities in Colon205 and SW620 tumors, the Colon205 tumor shows higher
BG-activities than SW620 tumor in vivo. We found the Colon205 related high fG-activities are the mouse PG
in microenvironments rather than the human BG of Colon205 cells after enhancement of human and mouse
BG by quantitative PCR. In addition, the mouse BG in Colon205 tumor’s microenvironment are result in the
highly antitumor efficacy of 9ACG prodrug in vivo. These results indicated that Colo205 xenografts in nude
mice that express elevated microenvironment BG can be monitored by using NIR-TrapG and suppressed by
9ACG prodrug treatment. We concluded that monitoring endogenous enzyme activity for accessing the
therapeutic efficacy of prodrugs will provide a valuable tool for personalized enzyme based prodrug target

therapy.

Keywords: B-glucuronidase (BG), prodrug, near infrared glucuronide probe (NIR-TrapG), noninvasive

imaging, personalized therapy, target therapy
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(a) Long-term objectives:

F F F PERERLE AT A SR A R § pEpE i fe (B-glucuronidase) 2 EdE > TS BRI HF
PR B SR E S 2 e iR 2 BT 2 S -

(b) Specific Aims:

B-# & 4Pk H p* (B-glucuronidase, BG) 1 S5ak B L i@ * 305 4§ F AR H W 5% £ 4 (glucuronide
prodrugs)z_ fE¥e jof o m AP e TABSEF IR KL TR ﬁﬁf&ﬁmwé"{d(N -TrapG) T 2§ ¥ *t &5 48
BT FPRGCFE 4“25(NSC100-2320-B-041-002 JACS revision:ja-2011-09335z-R1) > d 2% i* 2L 50 ek & Bg o1
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7% B Ak NIR-TrapG en8 + % -, 5 63585053 9 PG 4 FIiE (7 A Fls g en % # A7 o 4
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# B ¥ P& 3 e (B-glucuronidase, BG)Q—\F YIAE A R 0| K8 % & (lysosomal enzyme)[3, 4], < 5 NI
FHE Y s, P R /Lné * 1% & %6 e (tumor marker)[4-6] 0 Ji* I § R PERH T SRE &
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camptothecin analogs[11, 12], pachtaxel[13] and alkylating agents[14, 15] - & I §g/ #up % 4~ CPT-11 » ©
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SAREE AR 20 a“%“g%mﬁft H18 B SN38G 073N 3 fo @ BpER S B ERER T Y %
R & — Ml BBG iE 3 'R 2 (Antibody-directed enzyme prodrug therapy, ADEPT)[12, 16] ~ &% 12 A&
FGiE e VR e A IE,BG (Gene-directed enzyme prodrug therapy, GDEPT)[17-19]> & & #zeyr«l,%f B
# PG a3, 20] - ?Kp’ﬁ‘_? A3 A IRPG BT R CPT-11 & § § R Y » S/E L Do c
Folepw¥ iy ERERNEEPF 2P APGCEMEFRES CPT-11 & § §BHEH » SRES Hic
Rt M- | '

G LT e Y s A fpe maA S FE N diﬂuoromethylphenol BEFEFEFERE R EFS
(IR-820)2 i 4= % 2. ¥ § P fic 3 & B # (NIR-TrapG) © NIR-Trap & % % 7 ** &4 432 % BG 75 1%
(NSC100-2320-B-041-002, J Am Chem Soc. 2012; 134(6):3103-3110.) - NIR-TrapG ¥ 11 5o § § pEfsfc
FF(BG) Lt A& 4 £ 42 AR CT26(H B )7 % #f &% PG ¢ CT26/mBG *h#; o » * NIR-TrapG
LT R R ROTR)E B A ;;LBG 1 CT26/mBG 6% o d &7+ NIR-TrapG §— B 7 1135483 B2
PG i it R E WAo @ A NIR-TrapG 22 o (i B4 T 7 b 4 %7 %68 (Hela, CL1-5, HCC36,
SW620, colon205)c.5 % 3¢ 3> 7 [ *i% & /i NIR-TrapG 7g » 7 — fheoigthenip k4 B 0 7 bR
PSR IREPG AL 53524 o p AL RO S 4R PG BT A Bl i & S AT
B 4B T 2 BG AT 1 H 4o CPT-11 82 § § Pt 3 4 5% % 4 (SN38-G, 9ACG)Z o o [1]4 0 1 i
i & o> AP F v I ARPHEERRA FAEER 2 EPGEM ) MRF B AT RES 2 R
e ° (Figure B)
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Mgl k2 §F ﬁ%ﬁiﬁsﬁé? A(NIR-TrapG)>* iE t:3 P2 A S mie N 24 MBG B ¥ U FRE
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WG B
B-# § #&pkH p¥ (B-glucuronidase) 4 SRR L * B W BRESF 2RI LK o PR KFFTE
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ﬁii‘fﬁg FAPRBEA MR RES 2 I LR ARG TR o AP E Y 0 50 BRI AR SRR e
A FERGEnE L2 HATIACGH SR 4 chaT R 1 o 24P 4 5 4l ¢F 12 Western blotting 2 anti-human PG448
ORI A B A R R R fw Pe (Colon205 SW620) 7 4 55 BG4 I o Figure 1.3 % &7t 7 A 85BGen# AT A
KE = % R Rt %2 (Colon20542 SW620) s X 5 P AEchd £ o »2 A 1 ¢h B~ % g "6 % Jn %2 (Colon205
22SW620) /et IACG S5 2 2 12 75 i 99ACE 1+ {5 4 > Colon20582 SW620% 3 9ACG* 55 % 2 11 5 14
9ACE - a7 (27 7 P B A B (Figure 2) o 2 » % 48 ) 12 NIR-TrapG 2t i3 J° 1413 23 % Colon205&
SW6207% 7 p BGiE 2P 4p 1> SW620%.%; > Colon20578 7% £ F # % PG 22 & (2 (Figure 3) ©
FEuNIR-TrapG 2t & jo 433 B2 enig % > 34 7 #-Colon20522 SW62078 75+ 5 1 fG e 55 4 A(X- Gch)—’L
¢ o Figure 4% 7 4p 12 en% % > Colon20578 7% £ 5 B pGend I E B o L /B p fGendk R
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BiE ek R > 2P E BColon20527 SW620 7 ftotal RNA ¥ 4 % cDNA » (5d 2 # PCR*%+ 4 #f % &
PG R o AP g Colon205%0 % & F B IPGE I - A F) 5 2 RATRB MRS P E HPGHTR
(Figure 5) » @ #Colon20522 SW620%6 2 sm¥e N # ch X ZFRGRILF M AL B o pL I g+ H X 7 9ACGH
B5 % F 430 Colon205 % /&3t E M & 5 0B ha B sk (Figure 6) o i % % &1 7 » NIR-TrapG+
13 B3 s Colo205 8 B Tk Bl ¥ e BGE 1T i — ) FERIOACGZ i vx o FIt g R HiPh B i¥ & 2 7%
Bk o B/ mRREELGcn 2y > X5 B AT R P SRES 2 AR 0 R Rk

SRR

) M
A0 aov
kDa o®
75— = ssw==  human B-glucuronidase

55 e s alpha-tubulin

43 —
Figure 1. Expression of endogenous G in human colon cancer cells. 1x10* Colon205 and SW620 cells were
harvested and the endogenous BG expressions were detected by Western blotting and anti-human BG

antibodies staining. Protein loading was visualized by anti-alpha-tubulin antibodies staining.
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Figure 2. Drug efficacy of 9ACG to Colon 205 and SW620 tumors. 1x10° Colon205 and SW620 cells were
incubated with serial diluted 9ACG or 9AC for 72 hours. The cell viability were determined by incorporation

of *H-thymidine. The data show the percentages compared to un-treated control.
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SW620 Colon205

photon/sec/cm?/sr (x108)

Figure 3. Assessment of BG activity by NIR-TrapG in vivo. NIR-TrapG was intravenously injected to
BALB/c nude mice bearing Colon205 (right flank) and SW620 (left flank) tumors. In vivo optical imaging of
NIR-TrapG at 48 hours after probe injection.

X-GIcA staining
SW620 Colon205

Figure 4. Assessment of BG activity by X-GlcA staining. To confirm BG activity, Colon205 and SW620
tumors were resected at 48 hours after NIR-TrapG injection, stained with X-GlcA and examined under bright
field. Scale bar: 100 pum.
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Figure 5. Expression of endogenous mouse and human BG in Colo205 and SW620 tumor tissue. Total RNA
samples prepared from Colo205 and SW620 tumor tissue samples were used as templates for RT-PCR by
using mouse BG (upper panel), human BG (middle panel) or human GAPDH (lower panel) gene-specific

primers. The human GAPDH served as a loading control and the DNA plasmids containing mouse G or



human BG genes (p-mPG and p-hPG) served as positive controls.

Colo205 (BGMeN) SW620 (BG'")

[ @ Saline
O 9ACG (50 mg/kg)

[ @ Saline
O 9ACG (50 mg/kg)

Relative tumor volume (%)
w
o
o

Relative tumor volume (%)

106 5 10 15 1065 5 10 15

Days post-treatment Days post-treatment
Figure 6. Anti-tumor activity of 9ACG to Colon 205 and SW620 tumors. BALB/c nude mice bearing 100
mm? s.c. Colo205 (left panel) or SW620 (right panel) tumors were i.p. injected with PBS (e) or 50 mg/kg
9ACG (0) on days 1, 3 and 6. Bars, SEM (n = 4). Arrows, treatment schedule. Significant differences in mean

tumor size in mice treated with 9ACG are indicated: *, p <0.05.

2e & 1 8 3

# % ¥ % H 5 (B-glucuronidase, BG) & ¥ 1AL 4 ik i | R % % (lysosomal enzyme)([3, 4], + i3 w3t3F
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B-glucuronidase (BG) has been used as tumor marker and
prodrug-converting enzyme for selective chemotherapy. The ability to
monitor BG activity in patients would be ideal to access the efficacy of]
BG-mediated drug release and generate personalized prodrug therapy.
We conjugated fluorecein (FITC), near infrared dye (IR-820) and
radioactive isotope ('?*I-tyramine) to a
difluoromethylphenol-glucuronide ~ moeity (TrapG) to form
FITC-TrapG, NIR-TrapG and '*!I-TrapG, respectively, for
noninvasively monitoring BG activity by optical and positron emission
tomography (PET) imaging. TrapG can specifically trap on
BG-expressing cell/tumor in vitro and in vivo. Moreover, TrapG
probes can monitor the PG-activities in the microenvironment of]
tumors and assess the therapeutic efficacy of glucuronide prodrugs.
Thus, monitoring endogenous enzyme activity for accessing the
therapeutic efficacy of prodrugs will provide a valuable tool for

personalized enzyme based prodrug target therapy.
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