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Graphic Abstract:

Ten MMP-7 activated octapeptide-DTX/4FDT prodrugs were synthesized and evaluated. The
preferred compound 9a possessed lower systemic toxicity and similar anti-CRC activity to its

parent drug DTX.

Synthesis

Octapeptide — Linker — DTX/4FDT

6a-10a; 6b-10b

l Biological Assays

In vitro cytotoxicity
In vitro stability and release rate
In vivo efficacy and toxicity

In vivo pharmacokinetics
Acute toxicity
In vivo distribution

HO O on

S
oJLrgH o ~7
Wo“ THNO
MMP-7 cleavage site i HO % Oke
s °
' Ac-Gly-Pro-Gin-Gly:lle-Ala-Met-Gint” ~HN \@
eensssassssssnssd greses=sssssd o 0_0
T
(o]
Polypeptide Carrier Linker Parent Drug
9a




Novel Octapeptide-DT X Prodrugstargeting MM P-7 as Effective Agentsfor the
Treatment of Colorectal Cancer with Lower Systemic Toxicity

Zheng-Yu Liu? Mei-Lin Tang®®, Jinfeng Ning®, Yun-Peng Had, Lu Zhou®, Xun
Sun®P*

& Department of Natural Medicine, School of PharmaEydan University, 826
Zhangheng Road, Shanghai 201203, China

P The Institutes of Integrative Medicine of Fudan \msity, 12 Wulumugqgi Zhong
Road, Shanghai 200040, China

¢ State Key Laboratory of Molecular Engineering aimgtitutes of Biomedical
Sciences, Fudan University, 220 Handan Road, Slaa2§i9433, China

d Department of Medicinal Chemistry, School of Phacy) Fudan University, 826
Zhangheng Road, Shanghai 201203, China

*Corresponding author. Tel./Fax: +86-21-5198010m&il address:
sunxunf@shmu.edu.cn (X. Sun).




Abstract

Colorectal cancer (CRC) is the third most commomcea and the fourth leading
cause of cancer death around the worlie current treatments of CRC exhibited high
occurrence rate of side effects. Docetaxel (DTX),iraportant drug widely used in
cancer chemotherapy, showed serious toxicity in CR€ducing toxicity of DTX
could be a feasible and promising way to achieeenttw indication of DTX for CRC.
In this study, a series of MMP-7 activated octaepDTX/4FDT prodrugsGa-10a
and6b-10b) were designed and synthesized based on the ésatfiMMP-7 which is
highly expressed in CRC and could specially recogroctapeptides with specific
sequences. Among them9a and 9b, both possessing an octapeptide
Gly-Pro-GIn-Gly-lle-Ala-Met-GIn  moiety, were the rmb potent prodrugs.
Compound®a and9b were also tested their release rate in HCT116codlire fluids
and tumor homogenate along with in vivo anti-CR@vay and systemic toxicity.
Since9a showed better anti-CRC activity and lower systetoixicity than9b in CRC
tumor bearing mice, it was further evaluated ferdatute toxicity, pharmacokinetics
and tissue distribution in comparison with its paurdrug DTX. These results revealed
that 9a possessed good systemic stability, rapid releate in CRC and reduced
systemic toxicity, while retaining similar anti-CR&&tivity to its parent drug DTX.
Thus,9a, an MMP-7 polypeptide prodrug of DTX, has beemided as a promising

candidate for the treatment of CRC.

Keywords. CRC, prodrug, DTX, MMP-7, systemic toxicity.



1. Introduction

Colorectal cancer (CRC) is one of the most incidemd fast-growing malignancies
around the world, with an estimated 1.4 million neages and 693,900 deaths in 2012
[1]. It will increase by 60% to more than 2.2 nahinew cases and 1.1 million deaths
to 2030 [2]. Currently, the most commonly used drufpr CRC include
fluoropyrimidines, irinotecan, oxaliplatin, angiogenesis inhibitors, and EGFR
inhibitors [3-5]. However, the serious toxicity ¢iese drugs, such as diarrhea,
myelosuppression, neutropenia and alopecia, limikemlr clinical application and

treatment efficacy.

Docetaxel (DTX,Figure 1), which induces cell-cycle arrest and apoptosis by
stablishing microtubules through binding to betaulin, is one of most important and
exciting drugs used in cancer chemotherapy. Thentabas been approved to treat
many types of cancer in clinical, including breastrcinoma, prostate cancer,
non-small cell lung cancehead & neck cancer and stomach cancer [6-8]. Howeve
even DTX shows some efficacy with about 20% of oese rate in advanced CRC

[9], the high rate of serious toxicity hindersajsplication in CRC[10, 11].

DTX 4FDT

Figure 1. Structures of DTX and 4FDT

Interestingly, DTX exhibited high antiproliferativactivity among 50 CRC cell
lines in a high-throughput study [12-14]. In oureywious work, we synthesized a
series of fluorinated DTX derivatives [15] and fauthe compound 4FDTR(gure 1)
also exhibited good antiproliferative activity irRC with better metabolic stability
and water solubility than DTX. Nevertheless, 4FDill diad the high systemic
toxicity issue [16, 17]. Therefore, developing nlo@TrX and 4FDT analogs via



reducing systemic toxicity could be an achievablgalgto identify promising

candidates for the treatment of CRC.

For decades, the prodrug strategy has been sosghiea'magic bullet” in drug
discovery to increase the druggability by improvisgjubility, metabolic stability,
target specificity and reducing systemic toxicity3] 19]. Some prodrugs of DTX had
been reported to reduce toxicity, such as chitesemugated DTX prodrugs [20],
ester-linked DTX prodrugs [21-24], albumin-hitchim@gg DTX prodrugs [25] and
lipophilic thioether-bridged oleate DTX prodrugs6]2 However, how to empower
DTX to specially exert antiproliferation functiom itumor is far from being well
addressed. In an effort to solve this challenge, dtnategy of prodrug that can be
activated by particular biomarker of CRC was applie the present work [18, 19].
Reports have shown that MMP-7 specifically expresseprimary and metastatic
CRC, but not in adjacent normal tissues [27, 28] a/zinc-containing endopeptidase,
MMP-7 can promote tumor growth, microenvironmentelepment, metastasis and
invasion by degrading several components of theaegliular matrix (ECM) [29, 30].
More importantly,the key character of MMP-7 is that it can recogrozéapeptides
with specific sequences and hydrolyze them at P4¢&gide bond [31], including
Gly-Pro-Met-Gly-lle-Ala-Gly-Gln, Gly-Pro-GIn-Ala-g#-Ala-Gly-Gin,
Gly-Pro-GIn-Gly-Leu-Ala-Gly-Gin, Gly-Pro-GIn-Gly-é-Ala-Met-GlIn, and
Gly-Pro-Leu-Gly-lle-Ala-Gly-GIn. This significant haracter of MMP-7 could be
incorporated into prodrug strategy that polypeiadéth specific sequences were
used as carriers to confer special antiprolifeeafisnction on chemotherapy drugs in
CRC [32]. The polypeptide-prodrug strategy has sssfully been used before, such
as on doxorubicin [33] and auristatin [34]. Furtiiethis tactics enables prodrugs to
own the strengths of facile introduction of cherhicenodifications, low

immunogenicity and high tumor affinity and speatiid32, 35].
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6a: R{=Fmoc-Gly-Pro-Leu-Gly-lle-Ala-Gly-GIn; R = H
7a: Rq=Ac-Gly-Pro-Met-Gly-lle-Ala-Gly-GIn; R = H
8a: R;=Ac-Gly-Pro-GIn-Ala-lle-Ala-Gly-GIn; R = H
9a: R = Ac-Gly-Pro-GIn-Gly-lle-Ala-Met-GIn; R = H
10a: R4 = Ac-Gly-Pro-GIn-Gly-Leu-Ala-Gly-GIn; R = H
6b: R4y = Fmoc-Gly-Pro-Leu-Gly-lle-Ala-Gly-GIn; R = F
7b: Ry = Ac-Gly-Pro-Met-Gly-lle-Ala-Gly-GIn; R = F
8b: R; = Ac-Gly-Pro-GIn-Ala-lle-Ala-Gly-GIn; R = F
9b: R1 Ac-Gly-Pro-GIn-Gly-lle-Ala-Met-GIn; R = F
10b: Ry = Ac-Gly-Pro-GIn-Gly-Leu-Ala-Gly-GIn; R = F

Figure 2. Design strategy and structures of DTX and 4FDTdpIgs

Herein, we designed a series of MMP-7 activatedpgitide prodrugs of DTX and
4FDT (6a-10a and6b-10b). These prodrugs consist of three suburkitgure 2) with
octapeptide carrier, linker and parent drug. Theameptide carrier could be
specifically recognized and hydrolyzeeptide bond between fourth and fifth peptide
by MMP-7 [31]. The bridge chain was Leu-PABC whichuld possess both the
function of self-degradation and linker of the @eptide carrier with the
chemotherapy drug [36]. DTX or 4FDT was chosenhas garent drug, since both
already have demonstrated efficacy for anti-CRQviagt It was envisaged that
promising analogs with good anti-CRC activity amtluced side effects could be
achieved via transporting octapeptide-prodrug id&RC environment, being
recognized and hydrolyzed by the high-expressing@MMand releasing the parent

drug by self-degradation of the linker.

2. Results and Discussion
2.1. Synthesis

The synthesis of prodrugda-10a and 6b-10b was outlined inScheme 1 by
applying a five-step sequence. Followed a previoustported method [35],



Fmoc-L-Leu () was reacted with p-aminobenzyl alcohol (PABC) and
2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (E@Pto give Fmoc-Leu-PABC
(2) in 73% vyield [36]. Compound was then treated with bis(p-nitrophenyl) carbonate
(bis-PNP) under Hunig's base to form an activatetere3 in 82% vyield by
recrystallization. Intermediat® was coupled with DTX or 4FDT [14] catalyzed by
DMAP to afford their desired correspondidg or 4b in 50-56% vyield. Removal of
Fmoc group o#4a and4b to be5a and5b was problematic here mainly due to the
unstable feature of the free amine. When exposadeloreaction time, multiple
impurities were appeared which resulted in lowetd/and tedious separation. After
tried several conditionse. HCI/Et,O, ELNH/CH3CN, etc.), it was found that the
reaction was completed in 30 min under piperididMdfDcondition to give crud&a

or 5b in 80-90% vyield. Withba and5b in hand, analogs da-10a and6b-10b were
prepared in 15-35% yield (2 steps) by reacting wlifferent octapeptideA(l-Ab5) in
the presence of 1-hydroxybenzotriazole (HOBT), Niiwopropylcarbodiimide (DIC)
and N-methylmorpholine (NMM) in DMF.
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Scheme 1. Synthesis of prodrugda-10a and6b-10b.

2.2. Biological Evaluation
2.2.1In vitro cytotoxicity

All synthesized target compounds were evaluatedttieir in vitro cytotoxicity
against colon cancer cell lines HCT116 and SW62énal colon cell line CCD18Co,
and normal kidney cell line HEK293 in comparisorthwiheir parent drugs (DTX or
4FDT) (Table 1). In this study, 5-FU was employed as a positivatiol. Results
revealed that the antiproliferative activity of plodrugs were much higher than the
5-FU. Except6b, most prodrugs showed good activity against HCT&éb line.
Among them,9b showed a slightly more potent than DTX {§G 2.77 nM vs. 3.47
nM), though 4FDT was much more potent. For SW620licee, compound9a had
the most potent activity in this series which wiasilar to that of DTX (1Go = 30 nM
vs. 20 nM) and 9-fold more potent than that of 4HDOso = 280 nM). Excepé6b, all
prodrugs showed higher antiproliferative activitgamst HCT116 than that of



SW620.

All prodrugs @a-10a and6b-10b) were significantly reduced toxicity compared to
their corresponding parent drugs DTX or 4FDT aganmsmal cell line CCD18Co.
Most prodrugs also demonstrated weak toxicity agjanmormal cell line HEK293.
Compound9a and 9b, contained a common octapeptide carrier (octageptid),
exhibited little or no toxicity effect against bottormal cell line CCD18Co (l§& >
200 uM) and HEK293 (lIGy > 86 uM). Particularly, 9a retained strong
antiproliferative activity against HCT116 and SW6éll line (IGo = 9.0 nM for
HCT116; 1Go = 30 nM for SW620). These data initially validatdu strategy that
linking an octapeptide carrier to DTX or 4FDT cousidnificantly reduce the toxicity

of parent drugs against normal cell lines.

Table 1. Cytotoxic activity of prodrugs against CRC andmal cell lines.

compound (oo (WM)”
HCT116 SW6206 CCD18C4 HEK29%

5-FU 26042.5 +335.X10°  6.96 + 0.07 >200 79.32 £ 8.01

DTX 3.5 +0.05<10° 0.02+0.001 116.54 +4.31 19.70 +1.31

4FDT 0.1 +0.01x 10°® 0.28 £0.013  17.13%0.74 0.36 £ 0.02
6a 9.8 +0.2<10° 1.01 +0.03 > 200 15.24 +0.76
6b 439.4 + 24.3%10° 0.21+0.01 > 200 38.31+1.71
7a 7.2 £0.1X10° 1.14 +0.03 > 200 11.02 +0.83
7b 20.9 +1.3<10° > 200 > 200 21.31+£0.52
8a 11.3+0.8<10° > 200 > 200 106.00 + 3.51
8b 5.4 +0.1X10° 0.65 + 0.02 > 200 94.11 +2.73
9a 9.1 +0.1x10° 0.03 £ 0.001 > 200 136.83 + 4.32
9 2.8 +0.1x10° 6.59+0.73 > 200 86.79 £ 2.71
10a 5.2 +0.2<10° 21.92 +1.02 > 200 165.34 +5.33
10b 25.7 + 0.6<10° > 200 > 200 6.17 +0.34

a: the concentration of drug to inhibit cell protition by 50% after 48 h or 72 h of treatmdmtcell
lines were treated for 48 h (HCT116, HEK293) or W2(SW620, CCD18Co) with different

concentrations of compound (1910°, 102, 107,10, 10°, and 1¢* mol/L).

2.2.2. Invitro stability and releaserate

To investigate the stability of ten prodrugs, tladfife time in PBS and in plasma

of SD rat were tested @ble 2). After dissolving prodrugs in media, the unhygead



prodrugs were measured at set time points by RPcHPIhe time needed for
prodrugs to reduce their concentration to half easulated. ExceptOa (t1», = 35.11
h) and10b (t», = 48.33 h), all other prodrugs showed a longerrtlydis half-life
time in PBS (> 72 h). The high stability of theseqrugs in plasma of SD rat was
also observed. Exce@a and 10a, hydrolysis half-life time of all others reached to
around or more than 24 h. Overall, these results @itro stability indicated thaba,

6b, 9a and9b exhibited higher stability in both PBS and ratspie.

Taken the results of their cytotoxic activity anthkslity in vitro together,
compounds9a and 9b, both containing the carrier octapeptide A4, wehhesen to
further evaluate their release rate in cell cultfiteds and tumor homogenate of
HCT116. After incubating@a or 9b in the culture mediate of HCT116 cells or in
HCT116 tumor homogenate at 3T, the unhydrolyzed9a or 9b and their
corresponding released drug DTX (as DTX*) or 4F@% 4FDT*) were measured by
RP-HPLC. Results showed that the percentage aiseleate foba and9b reached to
96.9% and 88.7% respectively during 4 h in HCT1&b culture mediate; whilst in
HCT116 tumor homogenate, their percentage relessereached to 96.3% and 98.7%
during 5 min respectively. These indicated tBatand9b canbe rapidly released to
be their parent drugs in CRC environment while kegtable in mock systemic

circulations of PBS and rat plasma.

As mentioned before, the hypothesis to design geqgirodrugs was that these
prodrugs could keep stable in circulating systeih ttven release parent drug in CRC
environment. The above results supported the fdiagilof our rationale. The
preferred compound8a and9b, stable in PBS and rat plasma but rapidly released
DTX* and 4FDT* in CRC circumstance, might have gaoditumor activity to CRC
with lower systemic toxicity compared to their par®TX and 4FDT. These results
inspired us to continue to explore them vivo antitumor activity and systemic

toxicity.

Table 2. Stability of prodrugs in phosphate saline bufféB&p and rat plasma (3€).



a
T

compound

PBS Plasma
6a > 72h 35.87 h
6b > 72h 47.81h
7a > 72h 23.93 h
7b > 72h 23.96 h
8a > 72h 11.97 h
8b > 72h 24.04 h
%a > 72h 24.18 h
9% > 72h 43.80 h
10a 35.11h 14.01h
10b 48.33 h 24.05 h

a: At fixed time points€g. 0 min, 5 min, 15 min, 30 min, 1 h, 2 h, 4 h, 61B,h, 24 h, 48 h, 72 h),

equal samples were taken out and analyzed by RRCHB&e Experimental Section for details.
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Figure 3. Release rate dda and 9b in the culture mediate of HCT116 cells or in HC&1tlimor

homogenate. (A) Concentration percentageQafand its released DTX (DTX*) in HCT116 cells

culture fluids at different time points. (B) Contextion percentage o3b and its released 4FDT

(4FDT*) in HCT116 cells culture fluids at differetime points. (C) Concentration percentageQaf

and DTX* in HCT116 tumor homogenate at differentei points. (D) Concentration percentagélof



and 4FDT* in HCT116 tumor homogenate at differémiet points.
2.2.3. In vivo efficacy and toxicity of compound 9a and 9b

To evaluate in vivo efficacy and toxicity of compmli9a and 9b, human CRC
cancer xenograft mouse models were establishedubgusaneous inoculation of
HCT116 cells in the male BALB/C nude micéfter establishing solid tumor, the
mice were randomized into ten groups and each gassmgned six mice. The mice
were injected intraperitoneally once every 7 days tivo consecutive weeks and
tested groups received a different dose with 28g4kg of9a (equivalent to DTX 10
mg/kg), or 11.7 mg/kg oBPa (equivalent to DTX 5 mg/kg), or 5.85 mg/kg 8a
(equivalent to DTX 2.5 mg/kg), or 22.2 mg/kg@f (equivalent to 4FDT 10 mg/kg),
or 11.1 mg/kg oBb (equivalent to 4FDT 5 mg/kg), or 5.55 mg/kgaif (equivalent
to 4FDT 2.5 mg/kg). The parent drug control grovgseived 5 mg/kg of DTX or 5
mg/kg of 4FDT and the positive control group reeeis mg/kg of 5-FU. The vehicle
control group received the solvent formula onlymbu progression and weight of
mice were monitored once every other day. At theé @nobservation day, the mice

were scarified and the tumors were stripped anghesl.

As shown inFigure 4A, at the end of observation period (14th day), bdetted
groups and the parent drug control groups exhilstatistically significant reduction
in tumor progression compared with the vehicle. réh&as no notable difference
between the positive control group of 5-FU (5 mg/kgd vehicle control group in
tumor weight. Moreover, botba and9b inhibited tumor growth in a dose-dependent
manner. At the same molar equivalent dose with kB TX or 5 mg/kg 4FDT, the
tumor growth inhibition (TGI) oBa (11.7 mg/kg)9b (11.1 mg/kg), DTX (5 mg/kg)
and 4FDT (5 mg/kg) was 46.3%, 35.2%, 42.7% and%1r8spectively (p < 0.05).
The TGI of 5-FU (5 mg/kg) was 11.4% (p > 0.05).thA¢ same molar equivalent dose
with DTX (10 mg/kg) or 4FDT (10 mg/kg), groups @d (23.4 mg/kg) an®b (22.2
mg/kg) exhibited enhanced inhibitory effect on thimor growth with the TGI of 56.1%
(p <0.01) and 46.3% (p < 0.05) respectively. A& same molar equivalent dose with
DTX (2.5 mg/kg) or 4FDT (2.5 mg/kg), tumor inhilmh rate of group®a (5.85



mg/kg) andb (5.55 mg/kg) remained to reach 28.8% (p < 0.08)3M5% (p < 0.05)
respectively. These results indicated tBatand 9b demonstrated similar in vivo
antitumor efficacy for CRC to their correspondingrgnt drugs DTX or 4FDT and
much more efficacious than 5-FU. These results wensistent with the conclusion

derived from in vitro cytotoxicity study.

At the end of observation period, animals treatéith WTX (5 mg/kg),9a (23.4
mg/kg),9a (11.7 mg/kg), an®a (5.85 mg/kg) exhibited body weight loss of 13.0%,
12.2%, 8.5% and 4.9% respectively. Similarly, mieated with 4FDT (5 mg/kgRb
(22.2 mg/kg),9b (11.1 mg/kg) an®b (5.55 mg/kg) exhibited body weight loss of
9.5%, 8.7%, 8.5% and 4.6% respectivétigure 4B and4C). It was observed th&a
and9b had less effect on body weight of mice than tkhenmresponding parent drugs
DTX or 4FDT at same molar dog® mg/kg) and even in high dose (10 mg/kg). This
indicated that prodrug8a or 9b might have lower systemic toxicity than DTX or

AFDT in vivo.

To further assess the systemic toxicity of prgdr@a and9b, the heart and liver
tissues were collected from xenograft mice andnethiby H&E at the end of
observation time. The systemic toxicity was comgamong vehicle control group,
positive control group for 5-FU (5 mg/kg), groums DTX (5 mg/kg) and 4FDT (5
mg/kg), 9a (11.73 mg/kg) and®b (11.17 mg/kg). As shown iirigure 4D, DTX
caused concentrated nucleus and 4FDT caused tissuesis in liver, both which did
not appear on group & and9b. As shown inFigure 4E, disordered myocardial
fibers and inflammatory cell invasion in heart weignificantly observed on DTX
and 4FDT, but not oBa and9b. This observation again indicated that prodrég®sr
9b may have lower systemic toxicity compared to DTX4&DT in vivo at the same

molar dose.
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Figure 4. Inhibition of subcutaneous solid tumor growth imosby9a, 9b, DTX, 4FDT and 5-FU.

(A) The weight of the excised tumor at the endhaf bbservation period. (B) The mouse body weights
of groups9a and DTX recorded during the observation period. T8¢ mouse body weights of groups
9b and 4FDT recorded during the observation periodl.HBtological appearance of the liver (400

(E) Histological appearance of the heart (¥Q0Data are expressed as the mean = SD (n =g €
0.05 and £x) p < 0.01 vs control. a: The same molar equivatloge of DTX; b: the same molar

equivalent dose of 4FDT.
2.2.4. Acutetoxicity in mice

Compounda was chosen for further evaluation of its acutaedioxin mice, since
it had better anti-CRC activity and lower systemaicity in vivo. Healthy Kunming
mice (weighing 20 + 2 g) were randomly divided ifitee groups with equal of both
sexual and behavioral status. Death status of mése continuously recorded for 14
days after intraperitoneally injected with diffetestose of tested compounds. Bliss
method was applied to calculate the value ogd-[Results showed that the kfof
prodrug9a (245.25 mg/kg) was 3.3-fold higher than that sfgarent drug DTX (74.1
mg/kg). When converted the LD50 value9af to the same molar equivalent dose of

DTX (104.3 mg/kg), it still showed 1.4-fold high¢man that of parent drug DTX



(74.1 mg/kg). This confirmed that the safety margir®a was larger than its parent
drug DTX.

2.2.5. In vivo pharmacokinetics

Prodrug9a and its parent drug DTX were administrated intrenesly to Sprague
Dawley (SD) rats at a dose of 5 mg/kg respectivEie plasma concentrations 3,
DTX* (DTX released from9a) and DTX were determined by LC-MS/MS. The
parameters of DTX group were calculated after camg DTX dose to the same
molar equivalent of 9a. The exposure levedafvas ten-fold higher than that of DTX
and volume of distribution o®a was two times lower than that of DTX4dble 3).
Moreover,9a showed significantly larger mean residence timé&{l,) and longer
half-life time than that of DTX, whereas the conication of DTX* was much less
than that of the free parent drug DTXable 3, Figure 5). This meant tha®a could
keep primary type for long period in plasma and hhigontribute to decrease the

systemic toxicity induced by DTX*.

Table 3. The pharmacokinetic parameters9af DTX*and DTX (iv, 5 mg/kg

Compoundda

Parameters DTX'

9a DTX*
AUC,(ug/lL*h) 9069 + 1786 247 + 124 930+ 139
AUC,.(ug/L*h) 9244 + 1800 299 + 103 867 + 146
MRT,.. (h) 11.57 +2.76 9.04+ 253 3.76+0.39
tya (h) 12.81 +2.32 7.03+1.76 5.75+0.88
Vz (Likg) 1039+247 206.32+12439 22.6+2.76
CLz (L/h/kg) 056+0.12  18.98+6.90  2.76+0.43

Pharmacokinetic data were evaluated using a norpadment model and showed as mean + SD (h =
3). i: The parameters of DTX group were calculated attarverting DTX dose to the same molar

equivalent oBa.
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Figure 5. The concentration-time profile after intravenodsninistration o@a and DTX in SD rats (n

=3).
2.2.6. Invivodistribution

Tissue distribution was evaluated in mice subcuiasly implanted with HCT116
tumors following administration dda and its parent drug DTX respectively. After
intravenous injection, concentrations @&, DTX* (DTX released from9a) and the
free parent drug DTX in heart, liver, spleen, lukginey and tumor were measured
time course by LC-MS/MS. As shown Figure 6, the concentration of free DTX
decreased rapidly in all tissues after 0.5 h, wthike prodrug@a kept relatively high
level for long time. Considering th@a shows long half-life time {t for 9a was 12.8
h) and great AUgG., (9069 pg/L*h) in plasma of SD rats in pharmacokcgestudy,
9a was speculated more likely to be distributed ia blood of mice initially and
slowly distributed to various tissues and organardivne. As shown ifrigure 6, the
concentration of DTX* was lower than that & in heart, liver, spleen, lung, and
kidney at most time points, excepting in heart.&ttDand 4 h, and in lung and kidney
at 24 h. Moreover, the concentration of DTX* &@alshowed decreased trend in all
normal tissues since 8 h. However, in tumor, theceatration of DTX* was higher
than that oBa from 8 h to 24 h and continued to increase owvee tiwhile 9a showed
decreased trend since 4 h. The different reledass td9a in tumor and other tissues
indicated thatthe 9a may possess relatively higher stability in plasamal normal
tissues and more easily recognized and hydrolype@RC tumor by MMP-7 to

release DTX. Thus9a may exhibit sustainable therapeutic efficacy fdRGC and



meanwhile reduce systemic toxicity for other tissue
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Figure 6. Tissue bio-distribution 0®a and DTX in mice bearing HCT116 xenograft at 0.58 4nd 24
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h after intravenous injection (n = 5 for each gratigach time point).
3. Conclusion

In present study, with the aim of reducing systetoxicity of DTX or 4FDT and
developing their new indication for CRC, a serie§ MMP-7 activated
octapeptide-DTX/4AFDT prodrugs were designed, sysirieel and biologically
evaluated. Most of the synthesized prodrugs digglaypmparable antitumor activity
to CRC cells (HCT116, SW620) and less cytotoxitcgynormal cells (CCD18Co,
HEK293) when compared with their parent drugs.dditon, all prodrugs exhibited
good stability in PBS and plasma of rats. Amongrtheompounda and9b, both
containing the same octapeptide carrier A4, wereseh to test their release rate in
CRC circumstance of cell culture fluids and tumomwgenate of HCT116. The fast
release rates o0%a and 9b in CRC circumstance and good stability in plasma
encouraged us to further study their systemic ttyxend anti-CRC activity in vivo.

At the same molar equivalent (5 mg/kg) as theiepadrugs9a and9b exhibited less



effect on body weight and lower toxicity injury tveart and liver of mice than DTX
and 4FDT. Also9a and9b showed similar antitumor activity to DTX and 4FDii a
subcutaneous solid tumor model of CRC. Proddaigvas further tested for its acute
toxicity, pharmacokinetics and bio-distribution. vAe toxicity experiment showed
that LDso of 9a was increased 3.3-fold than its parent drug DTXctvldemonstrated
that9a had a relatively larger safety margin than padeng DTX. Pharmacokinetic
study indicated tha®a exhibits much higher distribution and longer Hd#-time in
plasma than DTX. The release rate 9& in plasma was only 16.2% and the
concentration of DTX* @a-released DTX) was much lower than that of freespar
drug DTX. In bio-distribution study, it was fountet release rate &a was high in
tumor, but relatively low in other organs. In camsibn, the new prodrug@a possessed
low systemic toxicity to normal tissues, while kgphilar antitumor activity for CRC
to its parent drug DTX. These results demonstrdtatithese novel prodrugs of DTX
or 4FDT, conjugated an octapeptide by linker, cob&l feasible way to reduce

systemic toxicity of DTX or 4FDT and maintain goaxtitumor activity for CRC.

4. EXPERIMENTAL SECTION

4.1. Materialsand physical measurements

CompounddFDT was previously synthesized and published by ooumr15].
Octapepetides were custom-made lig peptide Biological Technology Co., Ltd.
(Shanghai, China) with a purityy 95%. Commercially available chemicals were
purchased from Aldrich and TCI Chemical companfdksolvents were purified and
dried in accordance with standard procedures urddsswise indicated. Reactions
were monitored by TLC using Yantai (China) GF23&aigel plates (5< 10 cm) or
by HPLC using Waters 2695 with X-Bridge C18-colu@®mum, 3.0 X 50 mm).
Silica gel column chromatography was performed ibcasgel (300-400 mesh) from
Yantai (China). Semi-preparative reversed phasaidigchromatography was

conducted onCombi Flash Rf from Teledyne Isco (USAH NMR spectra were



recorded at Varian Mercury 400 (400 MHz) or Brukeance DPX400}°C NMR
spectra were recorded at Bruker (151 MHzdw-resolution Mass spectra data were
obtained using an Agilent 1946D LC/MSD (ESI) ahajh-resolution Mass spectra
data were performed on AB SCIEX TripleTOF™ 5600

4.2. Chemistry

4.2.1. Fmoc-Leu-PABC-PNRBY)

To a solution of N-ethoxycarbonyl-2-ethoxy-1,2Ryairoquinoline (EEDQ) (3.15 g,
2.59 mmol) and Fmoc-L-Leul( 4.15 g, 2.35 mmol) in anhydrous DCM (250 mL)
was added 4-aminobenzyl alcohol (PAB-OH) (1.55.§92nmol). The mixture was
continuously stirred at room temperature for 24r'he solvent was then evaporated
under reduced pressure and the resulting residug puaified by silica gel
chromatography (DCM/MeOH = 50 : 1 to 10 : 1) tooadf2 (1.00 g, 73%) as a
colorless powder. ESI-MS: m/z 459.2 [M+H}A81.2 [M+Na], HPLC analysisX =
220 nm) > 95% of peak area.

To a solution oR (4.00 g, 8.73 mmol) and bis(p-nitrophenyl)carbendis-PNP)
(13.30 g, 43.65 mmol) in anhydrous N,N-dimethylfammde (DMF) (100 mL),
N,N-diisopropylethylamine (DIPEA) (4.33 mL, 26.19mol ) was added dropwise at
0 °C. After stirring at ice-bath for 5 minutes, thecdon mixture was continuously
stirred at room temperature for approximately &tbsequently, water (300 mL) was
added and the mixture was extracted with ethylsaedB x 200 mL). The combined
organic extracts were washed with brine (200 mLJ dnied over Ng50O,. After
filtered, the solvent was concentrated and theltieguresidue was purified roughly
by flash chromatography (petroleum ether/aceton& = 1) to remove most of
impurities. Then, the concentrated residue washéurtrecrystallized with ethyl
acetate/petroleum ether (V/ V =1 : 1) to give coomd 3 ( 4.46 g, 82%) as a
colorless powderrH NMR (400 MHz, CDCY) 6 ppm: 8.27 (d,J = 8.0 Hz, 2H), 7.76
(d, J = 8.0 Hz, 2H), 7.61-7.49 (m, 4H), 7.49-7.44 (m,)1H.41-7.35 (m, 6H),
7.30-7.28 (m, 1H), 5.24 (s, 2H), 4.51-4.45 (m, 229 (s, 1H), 4.21 (dd),= 8.0 Hz,
12.0 Hz, 1H), 1.80-1.68 (m, 2H), 1.04 @z= 4.0 Hz, 1H), 0.98-0.95 (m, 6H)°C



NMR (100 MHz, CDC4) § ppm: 170.34, 155.53, 152.44, 145.43, 143.56, B/1.3
129.73, 127.83, 126.60, 125.47, 125.35, 124.89,1#2421.78, 120.08, 70.60, 67.24,
47.17, 24.76, 22.93. ESI-MS: m/z 623.6 [M¥HP46.6 [M+Naf: CasHasNOg:
HRMS calcd. 646.2160 [M+N4]found 646.2162.

4.2.2. General procedure for the synthesiaodr 4b.

Compound 3 (535.95 mg, 0.86 mmol), 4-(dimethylamino)pyridif®MAP)
(105.07 mg, 0.86 mmol) and appropriate DTX (or 4FPT0.86 mmol) were
dissolved in anhydrous DCM (37 mL) undeg. N'he reaction was stirred at room
temperature for 48 h. Then, the organic solvent w@scentrated under reduced
pressure, and the crude residue was purified bghflehromatography column
(DCM/MeOH = 100 : 1) to afforda (550 mg, 50%) as a colorless powdedbr(550

mg, 54%) as a light yellow powder.

Fmoc-Leu-PABC-DTX(4a). Colorless powder. Yield: 50%H NMR (400 MHz,
Acetone-d6)Y ppm: 9.43 (s, 1H), 8.12 (d,= 7.6 Hz, 2H), 7.86 (d) = 7.6 Hz, 2H),
7.76-7.64 (m, 5H), 7.58 (fl = 7.6 Hz, 2H), 7.51 (dJ = 7.6 Hz, 2H), 7.46-7.35 (m,
6H), 7.34-7.25 (m, 3H), 7.04 (d,= 9.6 Hz, 1H), 6.83 (d] = 8.0 Hz, 1H), 6.11 (d] =
8.4 Hz, 1H), 5.68 (dJ = 7.2 Hz, 1H), 5.40 (dJ = 9.2 Hz, 1H), 5.30 (dJ = 5.2 Hz,
1H), 5.25 (s, 1H), 5.19 (d,= 11.80 Hz, 1H), 5.11 (d, = 11.80 Hz, 1H), 4.97 (d,=
8.8 Hz, 1H), 4.39-4.30 (m, 5H), 4.27-4.21 (m, 2817 (s, 2H), 3.93 (d] = 6.8 Hz,
1H), 3.68 (s, 1H), 2.83 (s, 1H), 2.45 (b= 17.6 Hz, 4H), 2.38-2.28 (m, 1H), 2.12 (d,
J=8.4 Hz, 1H), 1.93-1.77 (m, 5H), 1.75-1.65 (m)5H45- 1.25 (m, 20H), 1.17 (d,
= 12.4 Hz, 6H), 0.96 (dd] = 10.8, 6.6 Hz, 6H), 0.88 (§,= 6.6 Hz, 1H)*C NMR
(151 MHz, Acetone-d6) ppm: 209.96, 204.48 , 170.69, 169.18, 168.00, 1H5.
155.70, 154.72, 153.59, 143.60, 140.59, 138.83,2P37137.10, 135.99, 132.56,
129.80, 129.74, 129.34, 128.72, 128.05, 127.88,4¥27127.01, 126.61, 126.42,
126.40, 124.62, 119.28, 118.86, 83.58, 80.24, 78127, 77.13, 75.30, 74.52, 73.67,
73.55, 71.43, 70.85, 70.74, 69.12, 65.66, 57.0434453.71, 46.55, 45.95, 42.63,
40.49, 36.10, 35.08, 31.10, 30.47, 30.16, 29.088,237.00, 25.50, 23.97, 21.94,
21.79, 21.62, 20.43, 19.88. ESI-MS: m/z 1292.4 [Nf+H1314.2 [M+Na;



C72HgiN3010: HRMS calcd. 1314.5356 [M+N§]found 1314.5366.

Fmoc-Leu-PABC-4FDT 4b). Light yellow powder. Yield: 54%H NMR (400
MHz, Acetone-d6) ppm: 9.46 (s, 1H), 7.95 (d,= 7.6 Hz, 1H), 7.86 (d] = 7.6 Hz,
2H), 7.79 (dJ = 9.6 Hz, 1H), 7.75-7.67 (m, 5H), 7.67-7.61 (m,)1A56-7.47 (m,
3H), 7.47-7.35 (m, 7H), 7.34-7.25 (m, 3H), 6.84J& 8.0 Hz, 1H), 6.10 (t) = 9.2
Hz, 1H), 5.66 (d,J = 6.8 Hz, 1H), 5.40-5.34 (m, 1H), 5.32 (U= 5.6 Hz, 1H), 5.24
(brs, 1H), 5.20 (dJ = 12.0 Hz, 1H), 5.12 (d] = 12.0 Hz, 1H), 4.98 (d] = 9.2 Hz,
1H), 4.41-4.28 (m, 7H), 4.24 (dd= 6.8 Hz, 8.0 Hz, 1H), 4.20-4.12 (m, 2H), 3.92 (d,
J = 7.2 Hz, 1H), 3.79 (brs, 1H), 2.52-2.42 (m, 5RIR6 (dd,J = 15.6, 8.6 Hz, 2H),
2.02-1.95 (m, 1H), 1.90-1.75 (m, 7H), 1.73-1.63 (6H), 1.62-1.50 (m, 7H),
1.44-1.34 (m, 1H), 1.34-1.24 (m, 5H), 1.17 (brs)AH00-0.84 (m, 7H)**C NMR
(151 MHz, Acetone-d6y ppm: 209.83, 170.74, 169.13, 167.96, 163.95, 16(d9J
= 245.4 Hz), 155.72, 153.52, 153.07, 143.60, 143146.59, 138.86, 137.00, 136.51,
135.99, 132.11 (d] = 7.4 Hz), 130.07)= 7.7 Hz), 129.69, 128.77, 128.18, 127.76,
127.01, 126.68, 126.42, 126.40, 125.35, 124.63,6224,J = 282.1 Hz), 119.56 (d,
=21.4 Hz), 119.28, 118.89, 115.74 J& 23.1 Hz), 83.57, 80.23, 77.13, 77.06, 75.19,
75.05, 73.64, 71.39, 70.81, 69.22, 65.68, 57.01815453.72, 46.55, 45.90, 42.60,
40.49, 36.05, 35.13, 25.46, 23.97, 21.94, 21.5744019.89, 18.30, 12.91, 8.82.
ESI-MS: m/z 1364.2 [M+H] 1386.2 [M+Na]: C;:H77FsN3016 HRMS calcd.
1386.4980 [M+Nal, found 1386.5001.

4.2.3. General procedure for the synthesisacdnd5b.

To solution of compounda or 4b (0.5 mmol) in anhydrous DMF (1 mL) was
added piperidine (5.00 equiv) at’%C. The mixture reaction was stirred at room
temperature for half an hour. After removed DMIg thsidue was diluted with DCM
(20 mL) and washed with brine (20 mL). The orgdaier was concentrated next and
dried in vacuo to give crudea or 5b in 80%-90% purity which was used directly for

the stepwithout further purification.

4.2.4. General procedure for the synthesis of gegtrodrugs@a-10a, 6b-10b).



To a solution of octapeptide (A1-A5) (0.04 mmda or 5b (0.04 mmol) and
1-hydroxybenzotriazole (HOBt) (0.12 mmol) in anhyads DMF (4 mL),
4-methylmorpholine (0.16 mmol) was added dropwisden N at 0°C. After the
reaction mixture stirred at ¥ for 15 min, N,N"-diisopropylcarbodiimide (DIC).g%
mmol) was added and the mixture was stirred%a $or about 72 h to fully generated
peptide-prodrugs6@-10a, 6b-10b). Subsequently, DMF was removed by vacuum
pump and the crude product was purified by revplsese preparative HPLC
chromatography with acetonitrile/water (V/V = 094.60% within 50 min, 1 mL/min)
as mobile phase to affoh-10a and6b-10b. Purity analysis and reaction monitoring
of peptide-prodrugs were performed using HPLC \thih UV detector set at 254 nm,
acetonitrile and water (V/V = 0 ~ 100% within 25mhivere used as mobile phase at

a flow-rate of 0.5 mL/min.

DTX-PABC-Leu-Al (6a). Colorless powder. Yield: 17%H NMR (400 MHz,
DMSO-as) 6 ppm: 9.95 (s, 1H), 8.16-8.05 (m, 4H), 7.99J¢; 8 Hz, 1H), 7.94 (d) =
6.4 Hz, 3H), 7.90 (d] = 8 Hz, 2H), 7.85 (dJ = 7.6 Hz, 2H), 7.71 (d] = 7.6 Hz, 3H),
7.67-7.63 (m, 3H), 7.43-7.39 (m, 6H), 7.37-7.28 {#Hl), 7.16 (t,J = 7.2 Hz, 1H),
6.82 (brs, 1H), 5.77 (dd,= 8.0 Hz, 12.0 Hz, 1H), 5.39 (d,= 7.2 Hz, 1H), 5.14 (brs,
2H), 5.11-5.06 (m, 3H), 5.03 (d,= 7.2 Hz, 2H), 4.97 (brs, 1H), 4.90 @z 10.4 Hz,
1H), 4.46-4.39 (m, 3H), 4.31 (d,= 8.0 Hz, 1H), 4.26-4.19 (m, 7H), 4.03-3.97 (m,
3H), 3.80-3.70 (m, 5H), 3.64 (d,= 6.8 Hz, 2H), 3.51-3.43 (m, 1H), 2.27-2.21 (m,
5H), 2.15-2.08 (m, 2H), 1.93-1.83 (m, 4H), 1.72s(t8H), 1.65-1.59 (m, 4H), 1.51
(brs, 6H), 1.33 (s, 9H), 1.26-1.19 (m, 6H), 0.96s(6H), 0.91 (d,J = 6.0 Hz, 3H),
0.88-0.84 (m, 6H), 0.83- 0.74 (m, 12HC NMR (151 MHz, DMSO-g) 6 ppm:
209.14, 173.76, 172.48, 172.22, 171.46, 171.32,1171171.00, 170.69, 169.42,
168.81, 168.73, 168.61, 167.47, 165.13, 156.35,2856154.94, 153.62, 143.69,
140.54, 139.08, 137.04, 136.81, 135.64, 133.24,8829129.54, 129.40, 129.03,
128.49, 127.97, 127.45, 127.20, 126.91, 125.09,98183.61, 80.14, 78.36, 77.51,
76.61, 75.23, 74.63, 73.57, 71.36, 70.57, 69.39%6(1365.54, 59.52, 58.37, 56.83,
56.60, 56.47, 54.99, 52.21, 51.89, 50.99, 50.88351848.30, 46.45, 45.81, 45.74,



42.71, 42.62, 42.08, 41.89, 40.58, 40.39, 40.34593636.48, 36.31, 34.50, 31.71,
31.27, 28.87, 27.93, 27.76, 26.28, 24.16, 24.10,08£423.99 22.90, 22.83,
22.29,21.89, 21.34, 21.04, 20.57, 17.54, 17.5009513.49, 10.86, 9.61. ESI-MS:
m/z 1015.4 [M/2+Na], CioaH13N1:026¢ HRMS calcd. 2007.9166 [M+N3§] found
2007.9246.

DTX-PABC-Leu-Al 6b). Colorless powder. Yield: 2296H NMR (400 MHz,
DMSO0-d6)d ppm: 10.00 (s, 1H), 8.51 (d,= 8.0 Hz, 1H), 8.28-8.07 (m, 4H), 8.05—
7.93 (m, 3H), 7.90 (dJ = 8.0 Hz, 2H), 7.82 (d] = 8.0 Hz, 2H), 7.75-7.69 (m, 3H),
7.67-7.60 (m, 2H), 7.49-7.37 (m, 7H), 7.35-7.27 &), 7.19 (tJ = 8.0, 4.0 Hz, 1H),
6.82 (brs, 1H), 5.78 (dd,= 8.0 Hz, 12.0 Hz, 1H), 5.38 (d,= 4.0 Hz, 1H), 5.22-5.08
(m, 4H), 5.06-4.96 (m, 3H), 4.91 (d,= 8.0 Hz, 1H), 4.54 (brs, 1H), 4.41 (brs, 1H),
4.34-4.17 (m, 7H), 4.16-4.08 (m, 6H), 4.07-3.95 (8H), 3.90-3.49 (m, 5H),
3.19-3.15 (m, 14H), 2.89 (brs, 3H), 2.73 (brs, 3RR4 (brs, 4H), 1.72 (brs, 5H),
1.57-1.49 (m, 10H), 1.23 (s, 5H), 0.98 (s, 5H),10(8, J = 8.0 Hz , 3H), 0.87 (brs,
5H), 0.80 (d,J = 8.0 Hz, 6H).*C NMR (151 MHz, DMSO-d6)s ppm: 209.01,
173.77, 172.48, 172.23, 171.47, 171.11, 171.01,7D70169.32, 168.80, 168.61,
167.47, 167.20, 163.95, 162.15, 160.99, 156.35,5653153.18, 143.69, 140.54,
139.09, 136.82, 136.36, 135.53, 132.16, 132.12,8830129.49, 129.02, 128.55,
128.22, 127.45, 127.20, 126.91, 125.60, 125.09,20920119.93, 119.06, 115.84,
83.57, 80.14, 78.52, 78.33, 77.26, 76.59, 75.15%%4{371.34, 70.55, 69.48, 65.60,
65.54, 59.51, 56.80, 56.60, 56.46, 55.33, 52.208&%150.98, 50.88, 48.43, 46.45,
45.76, 42.68, 42.62, 42.07, 40.58, 40.40, 40.33#483636.27, 35.61, 34.49, 31.26,
30.62, 28.85, 27.75, 26.28, 24.15, 23.98, 22.8222.24, 21.88, 21.33, 21.03,
20.56, 19.16, 19.11, 17.53, 17.49, 15.08, 13.4685.09.58. ESI-MS: m/z 1029.4
[M/2+H]"; C1oaH126F4N;1206: HRMS calcd. 2079.8789 [M+N§]found 2079.8879.

DTX-PABC-Leu-A2 ({a). Colorless powder. Yield: 21%H NMR (400 MHz,
DMSO-d6) 6 ppm: 9.99 (s, 1H), 8.19 (dl = 7.9 Hz, 1H), 8.13-7.09 (m, 3H),
8.05-7.92 (m, 6H), 7.86-7.79 (m, 1H), 7.75-7.69 (1), 7.65 (d,J = 7.2 Hz, 4H),
7.41 (t,J = 7.2 Hz, 2H), 7.38-7.31 (m, 4H), 7.29 (brs, 1AN7 (t,J = 7.2 Hz 1H),



6.82 (brs, 1H), 5.78 (dd,= 8.0 Hz, 12.0 Hz, 1H), 5.40 (d= 6.9 Hz, 1H), 5.15 (brs,
2H), 5.08 (dJ = 8.3 Hz, 2H), 5.03 (d] = 7.3 Hz, 2H), 4.96 (s, 1H), 4.90 @@= 9.2
Hz, 1H), 4.5-4.37 (m, 3H), 4.33-4.17 (m, 5H), 44.96 (m, 4H), 3.95-3.89 (m, 1H),
3.87-3.78 (m, 2H), 3.78-3.67 (m, 4H), 3.64 Jd5 6.4 Hz, 1H), 3.53 (brs, 1H), 2.24
(brs, 5H), 2.15-2.08 (m, 2H), 2.03 (brs, 4H), 1(B6s, 5H), 1.84 (brs, 2H), 1.72 (brs,
4H), 1.51 (brs, 6H), 1.34 (brs, 10H), 1.23 (M= 6.0 Hz, 6H), 0.98 (brs, 7H),
0.93-0.85 (m, 7H), 0.85-0.76 (m, 7H°C NMR (151 MHz, DMSO-d6)s ppm:
209.13 , 173.76, 172.47, 171.60, 171.26, 171.10,707 169.42, 169.37, 169.17,
168.81, 168.72, 168.54, 168.44, 167.42, 167.15,1465154.94, 153.62, 139.07,
137.04, 136.81, 135.64, 133.25, 129.88, 129.554129129.04, 128.49, 127.97,
127.20, 119.06, 83.61, 80.14, 78.36, 77.51, 761623, 74.63, 73.57, 71.36, 70.57,
69.40, 59.59, 58.54, 56.83, 56.61, 54.99, 52.218%151.76, 48.35, 46.58, 45.88,
45.81, 42.72, 42.07, 41.22, 40.40, 36.49, 31.473129.47, 28.92, 27.76, 26.29,
24.22, 24.17, 24.06, 22.84, 22.30, 22.18, 21.19%120.57, 17.52, 15.10, 14.42,
13.49, 10.88, 9.61. ESI-MS: m/z 1843.8 [M+NalsoH12N120,7S: HRMS calcd.
1845.8155 [M+Nal, found 1845.8219.

DTX-PABC-Leu-A2 {b). Colorless powder. Yield: 23%H NMR (400 MHz,
DMSO-d6)s ppm: 10.00 (s, 1H), 8.52 (d,= 8.0Hz, 1H), 8.11 (dJ = 8.0 Hz, 2H),
8.06-7.93 (m, 3H), 7.82 (dd,= 8.0, 4.0 Hz, 2H), 7.78-7.61 (m, 5H), 7.47-7.89, (
3H), 7.37-7.29 (m, 4H), 7.18 @,= 7.0 Hz, 1H), 6.82 (brs, 1H), 5.78 (dbz 8.0 Hz,
12.0 Hz, 1H), 5.38 (d] = 8.0 Hz, 1H), 5.35-5.29 (m, 1H), 5.21-5.07 (m)45105 (d,

J = 8.0Hz, 1H), 5.01 (brs, 2H), 4.92 @@= 8.0 Hz, 1H), 4.54 (brs, 1H), 4.51-3.66 (m,
13H), 3.66-3.38 (m, 1H), 3.29-2.96 (m, 4H), 2.88s(iH), 2.73 (brs, 1H), 2.24 (brs,
3H), 2.15-2.08 (m, 2H), 2.03 (brs, 4H), 1.89-1.82, 6H), 1.79-1.62 (m, 9H), 1.55
(brs, 3H), 1.54-1.48 (m, 7H), 1.23 (brs, 9H), 0(BBs, 6H), 0.91 (dJ = 8.0 Hz, 3H),

0.89-0.85 (m, 4H), 0.83-0.75 (m, 7HC NMR (151 MHz, DMSO-d6)s ppm:

209.10, 174.14, 173.77, 172.48, 171.61, 171.52,2B71170.71, 170.65, 169.39,
169.33, 169.18, 168.81, 168.61, 168.55, 167.42,1867163.96, 162.61, 160.99,
153.56, 153.18, 139.09, 136.82, 136.36, 135.53,1632130.89, 129.49, 129.03,



128.55, 127.21, 125.61, 120.43, 120.29, 119.07,841315.69, 83.53, 80.14, 77.26,
76.99, 75.15, 73.55, 71.34, 70.55, 69.48, 59.5%(H666.61, 52.20, 51.87, 51.75,
48.35, 45.88, 45.77, 42.68, 41.86, 31.42, 31.264&9R8.91, 28.84, 28.65, 27.75,
26.29, 24.21, 24.15, 24.05, 22.82, 22.24, 22.1/34120.56, 19.16, 19.12, 17.50,
15.09, 14.41, 13.46, 10.86, 9.58. ESI-MS: m/z 948I8+H]"; CgoH11d74N1,0,7S:
HRMS calcd. 1917.7778 [M+N§]found 1917.7831.

DTX-PABC-Leu-A3 @a). Colorless powder. Yield: 18%H NMR (400 MHz,
DMSO-d6)d ppm: 9.97 (s, 1H), 8.22-8.10 (m, 4H), 8.07-7.95 @), 7.79-7.61 (m,
7H), 7.47-7.27 (m, 8H), 6.81 (brs, 2H), 5.86-5.78, (1H), 5.45-5.36 (m, 1H),
5.17-5.01 (m, 6H), 5.00-4.88 (m, 2H), 4.44 (brs),2H26 (s, 4H), 4.18-4.11 (m, 2H),
4.07-3.98 (m, 3H), 3.90 (brs, 2H), 3.74 (brs, 3B{58-3.47 (m,2H), 2.29-2.20(m, 4H),
2.17-2.06 (m, 5H), 1.91-1.79 (m, 8H), 1.76-1.68 @H), 1.67-1.61 (m, 3H), 1.52 (s,
5H), 1.33 (brs, 9H), 1.24 (brs, 9H), 1.01-0.95 @H), 0.92-0.87 (m, 6H), 0.83-0.77
(m, 6H).*C NMR (151 MHz, DMSO-d6) ppm: 209.13, 173.89, 173.75.73.53,
173.49, 172.56, 172.41, 172.07, 171.90, 171.71,3¥{1171.13, 170.99, 170.66,
170.62, 170.76, 169.40, 168.88, 168.73, 167.68,0B57165.13, 154.94, 153.62,
139.07, 137.04, 136.81, 135.64, 133.24, 129.88,5829129.40, 129.03, 128.49,
127.97, 127.20, 119.06, 83.61, 80.14, 78.36, 77.6XK2, 75.23, 74.63, 73.57, 71.36,
70.57, 69.40, 59.86, 58.53, 56.77, 54.99, 52.44315251.90, 48.46, 48.29, 47.90,
45.89, 45.81, 42.72, 42.12, 41.26, 40.38, 40.29313636.25, 34.50, 31.29, 28.88,
27.94, 27.68, 27.02, 26.29, 24.23, 24.15, 24.1085222.30, 22.19, 21.33, 20.57,
17.89, 17.69, 17.54, 15.13, 13.49, 10.85, 9.61.-MSl m/z 940.2 [M/2+Na]+;
CooH12aN13028: HRMS calcd. 1856.8493 [M+Na]+, found 1856.8486.

DTX-PABC-Leu-A3 @b). Colorless powder. Yield: 21%H NMR (400 MHz,
DMSO-d6, rotamersy ppm: 9.97 (dJ = 12.0 Hz, 1H), 8.52 (d] = 12.0 Hz, 1H),
8.23-7.97 (m, 12.1 Hz, 7H), 7.82 (d,= 8.0 Hz, 2H), 7.76 (dJ = 8.0 Hz, 1H),
7.74-7.68 (m, 2H), 7.65 (d = 8.0 Hz, 2H), 7.45-7.38 (m, 3H), 7.37-7.25 (m,)5H
7.18 (d,J = 4.0 Hz, 1H), 6.81 (d] = 8.0 Hz, 2H), 5.77 (dd] = 8.0, 12.0 Hz, 1H),
5.38 (d,J = 8.0 Hz, 1H), 5.22-4.95 (m, 7H), 4.91 (b= 8.0 Hz, 1H), 4.54 (brs, 1H),



4.40 (brs, 1H), 4.34-4.18 (m, 4H), 4.12 (brs, 7401 (brs, 2H), 3.90 (brs, 1H), 3.73
(brs, 1H), 3.66-3.46 (m, 1H), 3.19-3.16 (m, 5H)8&.(brs, 1H), 2.72 (brs, 1H),
2.34-2.17 (m, 5H), 2.16-2.05 (m, 5H), 1.91-1.82 (6H), 1.76-1.69 (m, 6H),
1.56-1.48 (m, 10H), 1.28-1.15 (m, 7H), 1.01-0.95, (i), 0.93-0.84 (m, 6H),
0.84-0.73 (m, 7H)**C NMR (151 MHz, DMSO-d6) ppm: 209.02, 173.91, 173.77,
173.46, 173.07, 172.57, 172.08, 171.91, 171.72,3971171.14, 171.00, 170.93,
170.77, 169.42, 169.33, 168.88, 168.61, 167.69,9863162.62, 160.99, 153.56,
153.18, 139.08, 136.82, 136.36, 135.53, 132.16,8630129.49, 129.02, 128.55,
128.22, 127.21, 125.60, 120.43, 119.07, 83.58,43077.26, 76.59, 75.12, 73.55,
71.34, 70.55, 69.48, 59.86, 56.80, 55.33, 52.443(5251.89, 48.43, 48.29, 45.89,
45.77, 42.68, 42.11, 41.25, 36.24, 31.34, 31.2882&7.67, 27.01, 26.28, 24.22,
24.14, 24.09, 22.83, 22.24, 22.17, 21.31, 20.6516,919.12, 17.67, 17.52, 15.12,
13.46, 10.83, 9.58. ESI-MS: m/z 954.0 [M/2¥HooH11d4N1:026: HRMS calcd.
1928.8116[M+Nal], found 1928.8183.

DTX-PABC-Leu-A4 Qa). Colorless powder. Yield: 24%H NMR (400 MHz,
DMSO-d;, rotamers)d ppm: 10.03 (s, 1H), 8.29-8.15 (m, 3H), 8.12-7.81, 8H),
7.84-7.61 (m, 6H), 7.47-7.16 (m, 8H), 6.80 (s, 26190-5.68 (m, 1H), 5.40 (d, =
4.0 Hz, 1H), 5.21-4.84 (m, 8H), 4.55-4.37 (m, 3#B5-4.14 (m, 6H), 4.07-3.96 (m,
3H), 3.89-3.54 (m, 8H), 2.29-2.19 (m, 4H), 2.1872(n, 5H), 2.06-2.00 (m, 3H),
1.95-1.82 (m, 9H), 1.77-1.63 (m, 9H), 1.56-1.45 @), 1.34 (brs, 9H), 1.27-1.16 (m,
6H), 1.03-0.95 (m, 6H), 0.93-0.85(m, 6H), 0.83-0(75 6H).°C NMR (151 MHz,
DMSO-as) 6 ppm: 209.13, 173.84, 173.64, 173.45, 172.28, D{2171.66, 171.51,
171.44, 171.32, 171.08, 171.02, 170.75, 170.57,5169169.42, 168.73, 168.62,
168.33, 167.66, 167.04, 165.13, 154.94, 153.62,0839137.04, 136.81, 135.64,
133.24, 129.88, 129.55129.39, 129.08, 128.49, 129.04, 128.49, 127.97,2027
119.05, 83.61, 80.14, 78.36, 77.51, 76.62, 75.2%3] 73.57, 71.36, 70.57, 69.40,
59.82, 58.56, 56.83, 56.70, 54.99, 52.52, 52.300H%21.82, 48.33, 46.56, 45.88,
45.81, 42.72, 42.00, 41.31, 40.53, 36.49, 36.315(B431.69, 31.29, 29.20, 28.81,
27.94, 27.48, 27.16, 26.29, 24.26, 24.17, 24.108822.30, 22.19, 21.90, 21.27,



20.57, 17.42, 17.31, 15.05, 14.40, 13.49, 10.88,.ESI-MS: m/z 969.8 [M/2+N3]
Co2H12N13026S: HRMS calcd. 1916.8526 [M+Nalfound 1916.8535.

DTX-PABC-Leu-A4 @b). Colorless powder. Yield: 25%H NMR (400 MHz,
DMSO-a;, rotamers) ppm: 10.01 (dJ = 20.8 Hz, 1H), 8.47 (d, = 8.4 Hz, 1H), 8.14
(d, J =6.4 Hz, 2H), 8.08-7.98 (m, 3H), 7.95-7.91 (m, 2FYV8 (qJ = 16.4, 12.4 Hz,
2H), 7.71-7.66 (m, 1H), 7.66-7.57 (m, 4H), 7.37)(& 7.6 Hz, 2H), 7.32 (d) = 7.6
Hz, 2H), 7.29 (dJ = 8.6 Hz, 2H), 7.24 (s, 2H), 7.14 {t= 8.0 Hz, 1H), 6.76 (brs, 2H),
5.74 (dd,J = 8.0 Hz, 12.0 Hz, 1H), 5.34 (d,= 8.0 Hz, 1H), 5.17-5.07 (m, 4H), 5.04
(d, J = 8.0 Hz, 1H), 5.01-4.96 (m, 2H), 4.87 (M= 8.0 Hz, 1H), 4.43-4.34 (m, 1H),
4.39 (s, 1H), 4.32-4.11 (m, 6H), 4.07-3.97 (m, 3Big6 (dd,J = 16.0, 8.0 Hz, 1H),
3.80-3.64 (m, 2H), 3.62-3.42 (m, 2H), 3.34 (brs),12185 (brs, 3H), 2.69 (brs, 3H),
2.43 (brs, 2H), 2.20 (brs, 3H), 2.16-2.03 (m, 4HP8 (s, 3H), 1.95-1.88 (m, 3H),
1.87-1.84 (m, 4H), 1.76-1.69 (m, 4H), 1.68 (brs,)3H65-1.57 (m, 4H), 1.55 (brs,
3H), 1.52-1.48 (m, 6H), 1.21-1.14 (m, 6H), 0.9448l), 0.87 (d,J = 6.2 Hz, 3H),
0.83 (d,J = 6.2 Hz, 3H), 0.83-0.76 (m, 6HYC NMR (151 MHz, DMSO-g) 6 ppm:
209.00, 173.84, 173.65, 173.46, 172.28, 171.66,5171171.07, 171.01, 170.74,
169.52, 169.32, 168.60, 167.66, 163.94, 162.15,9850153.55, 139.09, 136.81,
136.36, 135.52, 132.16, 132.11, 130.89, 130.83,4829129.02, 128.54, 128.21,
127.20, 125.60, 120.42, 120.28, 119.05, 115.6%8330.14, 77.26, 76.59, 75.15,
73.54, 71.34, 70.55, 69.48, 59.82, 58.55, 56.8033%552.51, 52.35, 52.28, 52.02,
51.81, 48.32, 45.88, 45.77, 42.68, 41.99, 41.30631036.49, 36.28, 35.61, 34.50,
31.69, 31.64, 31.28, 30.61, 29.19, 28.80, 28.65%12828.40, 27.58, 27.54, 27.47,
27.15, 26.38, 26.29, 24.26, 24.17, 24.09, 22.8724222.18, 21.89, 21.26, 20.56,
19.17, 19.12, 17.41, 17.30, 15.04, 14.39, 13.4784109.58. ESI-MS: m/z 984.2
[M/2+H]"; Co2H129F4N13026S: HRMS calcd. 1988.8150 [M+Najfound 1988.8169.

DTX-PABC-Leu-A5 (10a). Colorless powder. Yield: 24%H NMR (400 MHz,
DMSO-d6)s ppm: 9.96 (s, 1H), 8.14 (d,= 28.0Hz, 5), 8.03 (s, 1H), 7.95 (= 21.6
Hz, 5H), 7.68 (ddJ =24.4, 6.4 Hz, 5H), 7.41 (d,=6.0 Hz, 2H), 7.31 (d] = 26.4 Hz,
6H), 7.17 (brs, 1H), 6.81 (d, = 14.8 Hz, 2H), 5.78 (dd] = 8.0 Hz, 12.0 Hz, 1H),



5.39 (d,J = 6.0 Hz, 1H), 5.15 (brs, 3H), 5.09-4.98 (m, 3496 (brs, 1H), 4.90 (dl

= 9.2 Hz, 1H), 4.47-4.37 (m, 2H), 4.35-4.12 (m, 5#10-3.89 (m, 4H), 3.88-3.77 (m,
1H), 3.72 (brs, 3H), 3.67-3.60 (m, 1H), 3.59-3.46 @H), 3.28 (brs, 1H), 2.24 (brs,
3H), 2.15-2.02 (m, 5H), 1.94-1.88 (m, 2H), 1.86s(tBH), 1.85-1.73 (m, 3H), 1.68
-1.53 (m, 6H), 1.51 (brs, 3H), 1.47-1.42 (m, 2HB3L(brs, 9H), 1.25-1.19 (m, 4H),
0.98 (brs, 6H), 0.92-0.82 (m, 13HJC NMR (151 MHz, DMSO-d6) ppm: 209.14 ,
173.89, 173.82, 173.79, 173.52, 172.63, 171.97,8071171.67, 171.51, 171.44,
171.35, 171.14, 171.01, 169.52, 169.44, 168.92,7468168.64, 168.48, 167.69,
167.06, 165.15, 154.95, 153.63, 139.07, 137.04,8136135.6, 133.26, 129.88,
129.55, 129.40, 129.04, 128.50, 127.98, 127.20,07183.62, 80.14, 78.38, 77.52,
76.62, 75.23, 74.63, 73.58, 71.37, 70.58, 69.417%%8.58, 56.83, 54.99, 54.48,
52.27, 51.09, 50.79, 48.49, 46.56, 45.89, 45.81724242.13, 41.92, 41.30, 40.38,
36.31, 34.50, 31.29, 28.79, 27.94, 27.68, 27.541R726.29, 24.25, 24.16, 23.90,
22.92, 22.85, 22.30, 22.18, 21.90, 21.33, 20.5301717.45, 13.49, 9.61. ESI-MS:
m/z 1842.8 [M+Na]; CsgH12:N130.¢¢ HRMS calcd. 1842.8336 [M+N§] found
1842.8347.

DTX-PABC-Leu-A5 (l0b). Colorless powder. Yield: 22%H NMR (400 MHz,
DMSO-d6)d ppm: 9.97 (s, 1H), 8.52 (d,= 8 Hz, 1H), 8.17 (d) = 8.0 Hz, 2H), 8.11
(dd,J = 6.0, 4.0 Hz, 3H), 8.07-8.01 (m, 1H), 7.97 J&& 8.0 Hz, 1H), 7.91 (dd] =
8.0, 4.0 Hz, 1H), 7.82 (d,= 8.0 Hz, 1H), 7.78-7.58 (m, 5H), 7.43-7.28 (m,9H18
(t, J = 8.0 Hz, 1H), 6.81 (d] = 16 Hz, 2H), 5.78 (dd] = 8.0 Hz, 12.0 Hz, 1H), 5.38
(d, J = 8.0 Hz, 1H), 5.21-5.08 (m, 4H), 5.07-4.96 (m,)3#92 (d,J = 8.0 Hz, 1H),
454 (s, 1H), 4.51-3.85 (m, 10H), 3.84-3.68 (m, 4B)4 (d,J = 8.0 Hz, 1H),
3.60-3.35 (m, 2H), 3.34 (brs,1H), 2.36-2.19 (m, 4M)17-1.99 (m, 5H), 1.98-1.82 (m,
7H), 1.80-1.57 (m, 10H), 1.55 (brs, 3H), 1.54-148, 7H), 1.48-1.31 (m, 4H),
1.26-1.18 (m, 3H), 0.98 (brs, 5H), 0.93-0.89 (m),3H89-0.85(m, 6H), 0.94-0.77 (m,
4H). *C NMR (151 MHz, DMSO-d6) ppm: 209.01, 173.87, 173.70, 173.49, 172.60,
171.87, 171.64, 171.49, 171.12, 171.05, 170.96,4859169.33, 168.89, 168.61,
167.67, 167.05, 163.95, 162.61, 160.99, 153.56,1853139.09, 136.82, 136.37,



135.53, 132.17, 130.89, 129.48, 129.03, 128.55,2P28127.21, 125.61, 124.02,
120.43, 120.29, 119.06, 115.84, 115.69, 83.58,4807B.52, 78.33, 77.26, 76.59,
75.15, 73.55, 71.34, 70.55, 69.48, 59.78, 56.803%52.47, 51.88, 48.47, 45.88,
45.77, 42.68, 41.29, 36.28, 34.50, 31.63, 31.287R&7.69, 27.54, 27.13, 26.29,
24.25, 24.15, 23.89, 22.92, 22.83, 22.24, 22.183®121.33, 20.56, 19.16, 19.12,
17.46, 13.47, 9.58. ESI-MS: m/z 947.2 [M/24H seH1uFsN13026 HRMS calcd.
1914.7959 [M+Nal], found 1914.7963.

4.3. Biological evaluation procedures

4.3.1. Cell linesand cultures

HCT116 (human colon carcinoma cell line), SW6R0njan colon carcinoma cell
line), CCD18Co (human colon cell line) and HEK2@®iman embryonic kidney 293)
were purchased fromAmerican Type Culture Collection (ATCC) by commaici
suppliers. DMEM and McCoy's 5A were obtained fromnNing KeyGen Biotech Co.,
Ltd. Fetal bovine serum (FBSnd Trypsine-EDTA (0.25%) were purchased from
Gibco (Invitrogen, USA). All these cell lines weseltured as recommended: SW620
and HEK293 were cultured in DMEM with 10% fetal loo serum, CCD18Co was
cultured in DMEM with 15% FBS, HCT116 was culturedMcCoy's 5A with 10%
FBS. All cells were incubated at 87 in a humidified atmosphere containing 5%
COo.
4.3.2. Céll proliferation assay

Cell proliferation assays were conducted to meaantecompare the cytotoxicity
and selectivity of these prodrugs and their padeag DTX or 4FDT. Cells were
seeded onto a 96-well plate at a density of 5008 per well and precultured for 1
day. Stock solutions (0.1 mol/L) of test compounssre prepared freshly by
dissolving in DMSO. An increased concentration(3.a.0°, 108 107,10° 10° and
10* mol/L) and a control (blank) were applied to thells in sixplicate for 48h
(HCT116 and HEK293) or 72 h (SW620 and CCD18Co3at°’C in 5% CQ
atmosphere. Cell cytotoxicity was evaluated by MaSBay. MTT solution (25L, 5
mg/mL in PBS) was added to the culture media. Afteubating at 37C in the dark



for 4 h, and the absorbance (OD valud#)each well at 570 nm was measured by a
microplate reader (Thermo Scientific, Multiskan GQhe half maximal inhibitory

concentration (Igp) for each compound was estimated by SPSS, version 19
4.3.3. Stability study in PBS and rat plasma

The stability of prodrugs was measured in PBSatbrplasma. Compound (50
ug/mL) was incubated in phosphate buffer (12.5 mM,7p4) or freshly rat plasma at
37°C for 72 h. At fixed time points (0 min, 5 min, hiin, 30 min, 1 h, 2 h, 4 h, 6 h,
10 h, 24 h, 48 h, 72 h), 2Q. of aliquot sample were taken. Then plasma samvpke
mixed with 600 pL cold acetonitrile and centrifuged at 12000 rpm 4omin. The
supernatant or the PBS sample was evaporated rogem stream and reconstituted
with 100 uL acetonitrile. After filtered by a 0.22 um filtethe clear fraction was
analyzed by RP-HPLC (A= 0.1% TFA in water, B =tacdrile; isocratic: 60%B; A
= 254 nm; flow rate = 0.6 mL/min; injection volune1QuL). Ty, was calculated
according 1, = In(2) / K,ps Based on pseudo-first order behavior, the vabids§ops
was obtained from the plots of logarithms of thecamtration versus time using the

expression: In (§ = -Kgps* t + IN(Cp).
4.3.4. Assay for releaseratein vitro

Releaseratein HCT116 cell cultured medium. HCT116 cells (1 x 10cells/well)
were seeded onto 96-well plate for 24 h before dregtment. Fresh cell culture
medium with or without prodrug (50g/mL) was added into well (106L per well)
and incubated at 3%C for 0, 2, 4, 6 and 8 h. Subsequently, the cdtlioei medium
was collected and extracted with 10 mL of dichloetinane three times. The organic
extracts were evaporated by vacuum evaporatortendriy extracts were redissolved
into 100 pL of acetonitrile. After filtered by tte22 um filter, the clear fraction was
analyzed by RP-HPLC (method was same with the |dtaliest) to test the

concentration of prodrug and released DTX (or 4EDT)

Release rate in HCT 116 tumor homogenate. Adult male BALB/c nude mice (20

+ 2 g) were purchased from the BK Lab Animal Lt8h&nghai, China) and fed under



standard housing conditions (Humidity: 40-70%, temagure: 20-24 °C, ventilation
time: 10-20 times per hour, 12h light/dark cycla)hwiood and water ad libitum. 0.2
mL of PBS with HCT116 cells (1 x {pwas subcutaneously injected in the axilla of
the BALB/c nude mice. The inoculated mice were raired in SPF-grade animal
experimental facility for about 2 weeks. Then freldiCT116 tumor tissue was
homogenized with saline ardiluted to approximately 250 mg/mL. After centrifuged
at 5000 r/min for 10 min at %, 2 mL of the upper homogenate solution was
extracted and used to incubate prodrug (i@Pat 37°C. 200uL of aliquot sample
was taken at fixed time points (0 min, 5 min, 15180 min and 1 h). Acetonitrile
(600uL) was added to each sample to precipitate theepraind centrifuged at 12000
r/min for 10 min at 5C. The supernatant was evaporated on a nitrogeanstand
redissolved with acetonitrile (10QL). After filtered by the 0.22 um filter, the
concentrations of the prodrug and the releasedhpdreqg in the clear fraction were
measured by HPLC. The RP-HPLC conditions were #imesas stability assays. The
animal experimental protocols were approved byAhemal Ethics Committee of

School of Pharmacy, Fudan University (Shanghain&hi
4.3.5. In vivo efficacy and toxicity study

Adult male BALB/c nude mice (20 + 2 g) were purakd$rom the BK Lab Animal
Ltd. (Shanghai, China) and housed individually ispecific pathogen free facility.
The mice were inoculated subcutaneously with HCTddlés (2 x 16 suspended in
0.2 mL of PBS for each mouse). After reaching agrage tumor volume of 100-200
mm®, the animals were randomized into ten groups wsiittmice per group5-FU (5
mg/kg), DTX (5 mg/kg), 4FDT (5 mg/kg®a high dose group (equivalent to DTX 10
mg/kg), 9a medium dose group (equivalent to DTX 5 mg/kég, low dose group
(equivalent to DTX 2.5 mg/kgRb high dose group (equivalent to 4FDT 10 mg/Kkg),
9b medium dose group (equivalent to 4FDT 5 mg/kg) &bdlow dose group
(equivalent to 4FDT 2.5 mg/kg) were freshly pregansing the formulation solvent
containing DMSO (0.5%), castor oil (5%), ethano%{5 and physiological saline

(89.5%). All the solutions were injected intrapenieally in a volume of 0.1 mL per



10 g of body weight and the vehicle control wadtgd with formulation solvent.

Compound or vehicle were administrated once everlgys. Tumor progression and
weight of mice were monitored every other day ae¢hdays. The tumor volumes
were estimated by measuring the two dimensiondi@ftaimors using a caliper and
calculated by the formula V = L x $\ 0.52, with V being volume, L being length,
and W being width of the tumor nodules. On the 1gdl of dosing, the mice were
weighed and sacrificed, and their tumors were disskeout and weighed. The animal
experimental protocols were approved by the Anigtaics Committee of School of

Pharmacy, Fudan University (Shanghai, China).

Histopathological study. At the end of the in vivo experiment, heart ancediv
tissues of vehicle and the same equivalent grobipag/kg for the parent drugs and
5-FU, 11.73 mg/kg foBa, and 11.17 mg/kg fa®b) were harvested and fixed in a 10%
formalin solution in PBS. The process of parafimbedding and H&E staining were
commissioned to Shanghai Ricci biological sciermu# Bechnology Co. Lt. Then, the
gross morphological or cellular abnormalities adsties were examined by two
pathologists in a blinded fashion to analyze thenalge of each compoundhe
animal experimental protocols were approved by Ahemal Ethics Committee of

School of Pharmacy, Fudan University (Shanghain&hi
4.3.6. Acutetoxicity study

Healthy Kunming mice of both sexes, weighing 2@ §, were randomly divided
into 5 groups of 10 animals matched for weight aim. Prodruga was freshly
preparedand intraperitoneally administered at the doseQdf, 800, 250, 150 mg/kg
body weight. All the solutions were injected in @ume of 0.1 mL per 10 g of body
weight and the vehicle control was injected withnfalation solvent. The death of
mice was monitored daily and recorded up to 14 @digs injection. The LB values
were calculated using Bliss method. All procedussed in this experiment were
compliant with the regulations of the Animal Ethi€ommittee of School of

Pharmacy, Fudan University (Shanghai, China).



4.3.7. Phar macokinetic study

Male Sprague Dawley (SD) rats, weighing 180-20@vgre purchased from BK
Lab Animal Ltd. (Shanghai, China) and fed undendsad housing conditions. The
rats were starved with freely drank for 12phior to divide into two groups (n = 3).
Tested compounds DTX (5 mg/kg) a®d (5 mg/kg) were freshly prepared with
formulation solvent (0.5% DMSO, 5% castor oil, 5%hanol, and 89.5%
physiological saline) and intravenously adminigidavia the tail veinn a volume of
1 mL per 200 g of body weight to the SD mice reipely. Blood samples were
drawn from the retroorbital venous at 0.083, 0.1835, 0.5, 1, 2, 3, 4, 6, 8, 12, 24,
48 and 72 h post-injection with 1% sodium hepasnaaticoagulant. Subsequently,
the plasma fractions were collected in eppenddrésuto centrifuge at 5000 rpm for
10 min at £C and stored at -28C for analysis. Then, mice were sacrificed under

COo.

To prepare samples for analysis, methanoly80containing 100 ng/mL internal
standard (paclitaxel) was added into plasma sag@6l@L) to denature the proteins.
The mixture was vortexed for 10 s to fully extrdw test compound and centrifuged
at 12000 rpm for 10 min at°C. Subsequently, the supernatant was mixed with an
equal volume of deionized water and filtered thtouge 0.22pum microporous
membrane. The filtrate was analyzed on liquid clatmgraphy-tandem mass
spectrometry (AB Sciex API4000 Q-Trap LC-MS-MS sys). Liquid
chromatography use acetonitrile/water (V/V = 65:85)mobile phase at a flow rate of
0.35 mL/min. Detection of the ions was conductethanmultiple reaction monitoring
(MRM) mode, monitoring the transition of the m/z083/ 549.1 for DTX [M + Nal,
1917.7 / 970.5 foBa [M + Na]" and 876.6 /308.0 for PTX [M + Natespectively.
DAS software (version 2.0) was used to determirge pharmacokinetic parameters
with non-compartmental modelThe used animal protocol was reviewed and
approved by the Animal Ethics Committee of SchddPbarmacy, Fudan University
(Shanghai, China).

4.3.8. In vivo distribution study



The human CRC cancer xenograft mouse models esteblished by the same
method described in section 4.3.5. After reachingasaerage tumor volume of
200-300 mm, the animals were randomized into two groups (2erfor each group).
DTX (5 mg/kg) and®a (5 mg/kg) were freshly prepared and administratadhe talil
vein in a volume of 0.1 mL per 10 g of body weigtgpectively. At 0.5, 4, 8 and 24 h
of post-injection, five mice of each group werergaed and heart perfused with PBS.
Subsequently, heart, liver, spleen, lung, kidneg ammor tissues were collected and
weighted. The tissues were stored at °80until analysis. After the organ samples
were homogenized in a volume of 4 normal saline per 1 mg of tissue, the
homogenate was added with 4 fold volumes of methemataining paclitaxel (100
ng/mL) as internal standard to precipitated prateamd the supernatant following
centrifugation was subjected to LC-MS/MS analysiglascribed in pharmacokinetics

study.
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Highlights:
e A series of MMP-7 activated octapeptide-DTX/4FDT prodrugs were synthesized and
evaluated both in vitro and in vivo.

* 9a had similar anti-CRC activity and lower systemic toxicity compared to its parent drug
DTX.

e 9apossessed good stability in plasma and rapid release rate in CRC tumor.
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