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Inhibition of cellular DNA synthesis is a strategy to block cancer cell division. Nucleoside analogues can
incorporate into DNA and terminate DNA strand elongation. So far, several nucleoside analogues have
been successfully used as anticancer drugs. FNC, 2’-deoxy-2’-B-fluoro-4’-azidocytidine is a novel
cytidine analogue which demonstrated potent activity against hepatitis C virus (HCV). To investigate the
therapeutic potential of FNC in human cancers we studied its activity in a number of cancer cells in vitro

Key‘;"ordfj" . and in vivo. FNC potently inhibited cell proliferation with an ICsy of 0.95-4.55 wM in a variety of
gsg;gs;ise analogues aggressive human cancer cell lines including B-cell non-Hodgkin’s lymphomas, lung adenocarcinoma

DNA : and acute myeloid leukemia. Cells treated with FNC exhibited G1 and S cell cycle arrest at high and low

synthesis 4 . X X )
ENC dose, respectively, which confirms the mechanism of action of nucleoside analogues. Treatment of B-NHL
cell lines with FNC induced apoptosis in a dose and time dependent manner. Finally, mouse xenograft
models of hepatocarcinoma (H22), sarcoma (S180) and gastric carcinoma (SGC7901) demonstrated that
FNC had significant tumor growth inhibition activity in a dose-dependent manner with low toxicity.
Together, our results suggest that FNC may be a valuable therapy in cancer patients and warrant early
phase clinical trial evaluation.

Tumor growth inhibition

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

Human cancer remains a serious disease, and right now, there is
still no completely significant chemotherapeutic strategy against
it. Therefore, there is an urgent need to develop new and more
effective anticancer medication. Cancer cells display uncontrolled
cell division and DNA synthesis is essential for this process. Hence,
inhibition of nascent DNA formation could prevent cancer growth.

Nucleosides including cytidine, uridine, adenosine, guanosine
and thymidine are glycosylamines consisting a nucleobase bound
to a ribose or deoxyribose sugar. Nucleosides can be phosphory-
lated by specific kinases in the cells, producing nucleotides, which
are the molecular building-blocks of DNA and RNA [1,2]. The
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triphosphates of nucleoside analogues compete with the cellular
endogenous deoxynucleotides for incorporation into DNA during
replication, where they block DNA synthesis through a chain
termination mechanism [3-6]. Thus, nucleoside analogues can be
used as antiviral or anticancer agents. In medicine several DNA-
directed nucleoside analogues, such as ara-C [7,8], fludarabine [9],
and gemcitabine [10,11], are antimetabolite effective in the
treatment of a variety of malignancies [12-14]. The major
mechanism of action of these nucleoside analogue drugs is
through incorporation into DNA and inhibiting DNA synthesis
[15,16], and thus this class of agents shows specificity for cell
growth arrest in S-phase and kills cells by inducing apoptosis [17-
23].

FNC (4’-azido-2’-deoxyfluoroarabinocytidine or 2’-deoxy-2'-3-
fluoro-4’-azidocytidine) is a novel pyrimidine analogue [24].
Fluoronucleosides have a history of being well phosphorylated
by cellular kinases and can be good substrates for RNA and DNA
polymerases. It has been demonstrated that FNC is an excellent
substrate for deoxycytidine kinase and is phosphorylated with
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efficiencies up to 3-fold higher than deoxycytidine. FNC is a highly
potent and selective inhibitor of hepatitis C virus (HCV) replication
with IC59 =24 + 3 nM [25]. In this study, we demonstrate that FNC
inhibits cell proliferation, induces G1 and S phase arrest and promotes
apoptosis in a number of human cancer cell lines. FNC also has potent
anti-tumor activity in xenograft mice bearing hepatocarcinoma,
sarcoma and gastric carcinoma tumors.

2. Materials and methods
2.1. Cells and reagents

The human non-small cell lung cancer cell line A549, acute
myeloid leukemia cell line HL-60 and B-cell non-Hodgkin
lymphoma (B-NHL) cell lines RL (DLBC), Granta-519 (MCL),
SUDHL-6 (T-FL) (from Dr. Daruka Mahadevan, Arizona Cancer
Center, Tucson, AZ) were maintained in RPMI 1640 medium
(Mediatech, VA) supplemented with 10% fetal bovine serum, 2 mM
sodium pyruvate and 100 units/ml penicillin/streptomycin at
37 °C in a humidified atmosphere containing 5% CO,. FNC was
designed and synthesized in our laboratory (Department of
Chemistry, Zhengzhou University, Zhengzhou, PR China) with
purity of 95%. The compounds were dissolved at 10 mM in distilled
water as a stock solution, and then further diluted to desired
concentrations for in vitro experiments. Anti-PARP (H-250) and
anti-cyclin A (H-432) antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA) and anti-Bcl-xL, anti-phospho-
CDK2 (Thr160), anti-cleaved caspase-3 (Asp175) and anti-GAPDH
(14C10) antibodies were from Cell Signaling Technology (Danvers,
MA).

2.2. Analysis of cell proliferation inhibition (MTS assay)

Cells were seeded at 8000 per well in 96-well culture plates and
allowed to grow for 24 h followed by the desired treatment with
increasing concentrations (0.001-20 M) of FNC for 4 days. Viable
cell densities were determined using a CellTiter 96 Cell Prolifera-
tion Assay (Promega, Madison, WI). The studies were performed in
triplicates and IC 5o values were estimated by Calcusyn software
(Biosoft, UK).

2.3. Apoptosis assay

Using Annexin V staining to detect apoptosis, treated cells were
harvested and rinsed with cold PBS once. After centrifugation for
5 min, cells were resuspended in 500 .l of 1x Annexin V binding
buffer (BioVision, Annexin V-FITC Reagent Kit, Cat.#1001-1000)
and then added 5 pl of Annexin V-FITC and 5 pl of propidium
iodide (BioVision, Annexin V-FITC Reagent Kit). After incubation
for 5min at room temperature in the dark, the samples were
analyzed by flow cytometry.

2.4. Cell cycle analysis

Cells were treated with different concentrations of FNC for 24 h
and 48 h and then the cells were centrifuged at 1500 x g for 5 min
at 4 °C and resuspended in PBS, fixed by drop wise addition of ice-
cold ethanol (100%) to a final concentration of 70%, and incubated
for 30 min on ice. Fixed cells were pelleted and treated with 100 .l
of RNase A (0.2 mg/ml in PBS) for 5 min at room temperature, then
suspended in 1 ml ddH,O. After staining with 4 g/ml propidium
iodide, the DNA content was determined using a Becton Dickson
flow cytometer and the cell cycle profile was analyzed by ModFit
software. Cell aggregates were gated out of the analysis, based on
the width of the propidium iodide fluorescence signal. Each profile
was compiled from 10,000 gated events.

2.5. Immunoblotting

The cells were lysed in NP-40 lysis buffer containing 50 mM
Tris-Cl (pH 7.4), 0.15M Na(Cl, 0.5% NP-40, 1 mM DTT, 50 mM
sodium fluoride, and 2 pl/ml protease inhibitor cocktail (Sigma, St.
Louis, MO). Protein concentrations were determined using the
BioRad protein assay kit (Hercules, CA) and 50 g of protein was
resolved by electrophoresis on a 10% SDS-PAGE gel. The proteins
were then transferred onto a nitrocellulose membrane and
nonspecific binding was blocked by incubating with 5% nonfat
milk in TBST buffer (0.01 M Tris-Cl, 0.15 M Nacl, 0.5% Tween-20,
pH 8.0) at room temperature for 1 h. The membrane was subjected
to the indicated antibodies and the proteins were detected by a LI-
COR Odyssey Infrared Imaging System.

2.6. Mouse xenograft studies

Animal care and treatment were performed at Zhengzhou
University’s experimental mouse core facility. All mice were
maintained under barrier conditions and experiments were
conducted using protocols and conditions approved by the
institutional animal care. Kunming mice (including male and
female, body weight 20 + 2 g from Shanghai Sikelai Co., Shanghai,
China) were injected with 1 x 107 sarcoma (S-180) and hepatoma
(H22) cells subcutaneously into the right front flank and divided
randomly into several different test groups with 8-10 mice per
cohort. One day after implantation of tumor cells, the mice were
treated daily by IV or IG with vehicle (saline) or 5-FU (15 mg/kg/day),
cisplatin (1.0 mg/kg/day), capecitabine (400 or 600 mg/kg/day) and
FNC (0.5, 1.0, 2.0 mg/kg/day) formulated in saline or distilled water
(for capecitabine) for 8 days. Then the mice were sacrificed and the
tumors were excised and weighed for evaluating the tumor growth
inhibition at 24 h after the end of treatment. BALB/c nu/nu mice were
provided by Shanghai Sikelai Co. and human gastric cancer cells
(SGC7901) were subcutaneously implanted in the right hind back
using 200 pl of a 1 x 107 cell/ml suspension in PBS. When tumors
reached an average diameter of 5-8 mm, mice were weighed,
randomized by tumor size, assigned to the various study groups,
and treated with vehicle (saline), capecitabine (600 mg/kg/day), or
FNC (0.5, 1.0, 2.0 mg/kg/day) by IG daily for 20 days. After treatment,
mice were sacrificed and the tumors were excised and weighed for
evaluating the tumor growth inhibition. All results are represented as
mean 4 SEM of eight or ten animals.

2.7. Statistical analysis

Analysis was done using multiple t-test (with Bonferroni
correction) with the STATA software package (StataCorp LP,
College Station, TX). Data was analyzed by group, p < 0.05 was
considered significant.

3. Results
3.1. FNC induces cell cycle arrest in G1 and S phases

FNC is a nucleoside analogue which should incorporate into
DNA synthesis and affect cell cycle progression. To investigate this,
we treated three different types of aggressive B-cell non-Hodgkin’s
lymphomas Granta-519 (mantle cell lymphoma, MCL), RL (diffuse
large B-cell lymphoma, DLBCL) and SUDHL-6 (transformed
follicular lymphoma, T-FL) with FNC at concentrations of
0.5pM, 1.0 M, 20 M and 50pM for 24h and 48 h. As
expected, S phase arrest was induced by FNC at low doses in
Granta-519 and SUDHL-6 cells even at the early time course of
24 h. However, G1 growth arrest was observed when cells treated
with FNC at high doses of >2 wM (Fig. 1A). G1 arrest was also
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Fig. 1. Cell cycle analysis of lymphoma cell lines after treatment with FNC. (A) Granta-519, RL and SUDHL-6 cells were treated with vehicle (distilled water), FNC at
concentrations of 0.5 wM, 1.0 uM, 2.0 wM and 5.0 wM for 24 h and 48 h. Cells were harvested, fixed, treated with RNase, and then labeled with propidium iodide, and
analyzed by flow cytometry. (B) Granta-519, RL and SUDHL-6 cells were treated with vehicle (control), nocodazole at 0.2 pg/ml, FNC at 2.0 wM and nocodazole (0.2 pg/ml)
plus FNC (2.0 wM) simultaneously for 24 h and DNA content was analyzed by flow cytometry. (C) PANC-1, BXPC-3 and SW480 cells were treated with or without FNC at
15 wM for 72 h and DNA content was analyzed by flow cytometry. X-axis: DNA content, Y-axis: cell numbers. The number represents the percentage of cell population in GO/
G1, S and G2/M phases. (D) Granta-519, RL and SUDHL-6 cells were treated with vehicle and FNC at 2 uwM for 8 h, 16 h, 24 h, 32 h and 48 h. Cyclin A and phosphor-CDK2
(Thr160) was evaluated by Western blotting analysis. GAPDH was used as a loading control.

induced by FNC in RL even at the low doses at 24 h, but S phase
arrest appeared at 48 h and G1 population was still high when cells
treated at high doses of >2 wM at this time point (Fig. 1A). To
further confirm the G1 or S phase arrest by FNC, Granta-519, RL and
SUDHL-6 cells were treated with nocodazole or FNC alone or
nocodazole plus FNC simultaneously for 24 h. As shown in Fig. 1B,
nocodazole alone synchronized cells in G2/M phase compared to
control. FNC still blocked cells in G1/S phase even added the
nocodazole, indicating FNC regulates G1/S cell cycle progression. In
addition, S phase arrest was examined in different solid tumor cells
including pancreatic cancer cell lines PANC-1 and BxPC-3 and
colon cancer cell line SW480 72 h after treatment (Fig. 1C). Similar
results were also observed in Hela cells no matter how high
concentration of FNC used (8-20 M, data not shown). Moreover, a
synchronized G2/M phase wave also appeared in RL and SUDHL-6
cells treated with 0.5 wM of FNC at late time course of 48 h (Fig. 1A)
as well as in solid tumors (Fig. 1C). Active CDK2/cyclin A complexes
play key roles during S-phase. Consistent with the cell cycle
analysis, both cyclin A protein level and CDK2 activity (phosphor-
ylation of Thr160) were decreased in a time-dependent manner
after FNC treatment (Fig. 1D). Taken together, the nucleoside

analogue FNC has effect on cell cycle progression of G1 or S phase in
both aggressive B-cell non-Hodgkin’s lymphomas (NHL) and solid
malignancies.

3.2. FNC inhibits cell proliferation

FNC regulates cell cycle progression. Next we ask whether it
inhibits cell proliferation in vitro. Granta-519, RL, SUDHL-6, A549
and HL-60 cell lines were treated with FNC at a varying
concentration for 96 h, MTS assays were performed to evaluate
cell proliferation. Fig. 2 shows that FNC effectively inhibited the
growth of cells with ICsg values ranging from 0.95 to 4.55 uM
(Table 1). Similar results were also shown in numerous cancer cell
lines such as HT-29, MCF-7, Hela, K562, etc. (data not shown),
suggesting FNC has extensive anti-tumor activity in vitro.

3.3. FNC induces apoptosis
To examine whether apoptosis is involved in inhibition of cell

proliferation by FNC, we further detect apoptosis after FNC
treatment. Granta-519, RL and SUDHL-6 cells were treated with
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Fig. 1. (Continued).

FNC at concentrations of 0.5 .M, 1.0 M, 2.0 M and 5.0 pM for
72 h, apoptosis was evaluated by flow cytometry assays following
Annexin V and PI staining. As expected, FNC clearly induced
apoptosis in all three cell lines in a dose-dependent manner (Fig. 3).
Especially, more than 90% of cells go to apoptosis in Granta-519

even at 0.5 wM of FNC, indicating Granta-519 cells are more
sensitive to FNC than RL and SUDHL-6 which consists with the MTS
assay (Table 1). FNC also induces apoptosis in Hela cells (data not
shown). These results were confirmed by demonstrating an
increased level of cleaved nuclear enzyme poly (ADP-ribose)
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polymerase (PARP) in treated Granta-519 and RL cells (Fig. 4A).
Caspase-3 is one of the key executioners of apoptosis, as it is either
partially or totally responsible for the proteolytic cleavage of many
key proteins such as PARP. As expected, activation of caspase-3
(cleaved caspase-3) was observed in Granta-519 and RL cells after
FNC treatment (Fig. 4A). In addition, apoptosis occurred as early as
16 h in Granta-519, 32 h in RL and 48 h in SUDHL-6 cells (Fig. 4B)
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Fig. 2. Effect of FNC on cell proliferation. Granta-519, RL and SUDHL-6 cells were
exposed to varying concentrations of FNC for 4 days. Cell viability was assessed by
MTS analysis. Points are the means of triplicate determinations + SD. Inset: the
chemical structure of FNC.

indicating apoptosis induction is in a time-dependent manner in
different B-NHL subtypes. Moreover, Bcl-xL, a Bcl-2 family member
which prevents apoptosis was decreased by FNC in all three
lymphoma cell lines (Fig. 4B). Together, the data demonstrate that
FNC leads to promotion of apoptosis in dose and time-dependent
manner in aggressive B-NHL cells.

3.4. FNC inhibits tumor growth in xenograft mice
Based on our in vitro data that FNC was effective in regulating

cell cycle, inducing apoptosis and inhibiting cell proliferation, we
evaluated this compound in mouse xenograft models of sarcoma
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Fig. 3. FNC induces apoptosis. Granta-519, RL and SUDHL-6 cells were treated with vehicle (control) or FNC at various concentrations as indicated for 72 h. Apoptosis was
detected by flow cytometric analysis based on propidium iodide (Y-axis) and Annexin V staining (X-axis). Percentages of apoptotic cells (the lower and upper right quadrants)

are indicated.
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Table 1

Antiproliferative activity of FNC in a panel of human cancer cell lines.
Cell lines IC50 (M)
SUDHL-6 4.55
RL 1.74
Granta-519 0.95
A549 1.22
HL60 3.30

(S-180), hepatoma (H22) and gastric cancer (SGC7901). The mice
bearing tumors were treated with vehicle control (saline), positive
controls 5-FU (15 mg/kg), cisplatin (1.0 mg/kg) and capecitabine
(600 mg/kg) and FNC at different doses of 0.5 mg/kg, 1.0 mg/kg and
2.0 mg/kg daily for 8 days. Dose-dependent tumor growth
inhibition (TGI) of FNC was demonstrated compared with saline
vehicle-treated controls regardless of that drug was administered
by IV (Table 2A) or IG (Table 2B). The efficiency of TGI by FNC at
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Fig. 4. FNC enhances PARP cleavage. (A) Granta-519 and RL cells were treated with
FNC at 0.5 M, 1.0 uM, 2.0 oM, 5.0 oM and 10.0 uM for 72 h. Apoptosis was
evaluated with PARP and caspase-3 cleavage utilizing Western blotting analysis. (B)
Granta-519, RL and SUDHL-6 cells were treated with vehicle and FNC at 2 uM for
8 h, 16 h, 24 h, 32 h and 48 h. PARP cleavage and Bcl-xL were evaluated by Western
blotting analysis. GAPDH was used as a loading control.

high dose of 2.0 mg/kg was up to 60% compared to control.
However, there was no significant difference of TGI between FNC at
2.0 mg/kg and positive controls (Tables 2A and 2B). Nude mice
bearing SGC7901 were treated with vehicle (saline), capecitabine
(400 mg/kg) and FNC (0.5, 1.0 and 2.0 mg/kg) daily for 20 days by
IG. Similar to S-180 and H22 xenograft models, FNC inhibited
tumor growth in a dose-dependent manner (Table 2C). The
efficiency of TGI was 68% when mice were treated with FNC at high
dose which is same as capecitabine treatment. Importantly, the
body weights of all mice in both models did not change
significantly (within 10%) during the study and mice appeared
to tolerate treatment(s) well.

4. Discussion

Every year millions of people are diagnosed to have cancer in
the world. The development of novel anticancer agents is
paramount to achieve improved response rates to therapy among
cancer persons. Nucleoside analogues have provided key medi-
cines to treat various malignancies, including non-small cell lung
cancer [26], pancreatic cancer, acute myeloid leukemia, bladder
cancer, breast cancer and lymphomas [9]. The mechanism of action
of nucleoside analogues is to replace molecular building-blocks of
DNA, terminate DNA chain elongation and consequently inhibit
cell division. FNC is a novel 2’-deoxy-2'-fluoro-4’-azido cytidine
analogue [24]. It has been reported that FNC is an excellent
substrate for deoxycytidine kinase and is phosphorylated with
higher efficiency than deoxycytidine [25]. FNC is found to be a
highly potent inhibitor of HCV replication [25]. In this study, we
investigate the effect of FNC on human cancers and demonstrate
that it regulates cell cycle, induces apoptosis and inhibits cancer
cell growth in vitro and in vivo. Thus, FNC could be a new regimen
for cancer patients.

Fludarabine, an adenine nucleoside analogue, induces cell cycle
arrest at GO/G1 at 15uM in human B cells [21]. However,
gemcitabine, 2’,2’-difluoro-2’'-deoxycytidine, results in an increase
in the S-phase in a human acute myelogenous leukemia cell line, ML-
1 and a pancreatic cancer cell line, MiaPaCa [11,18]. This S-phase
arrest is the dose response in exponentially growing populations.
Maximum S-phase arrest for a 24 h gemcitabine treatment occurred
with 6-15 nM gemcitabine. Lower concentrations failed to arrest
cells, whereas higher concentrations caused accumulation at the G1-
S boundary in ML-1 cells [18]. In addition, Ara-C, or cytosine
arabinoside, an another deoxycytidine analogue, is also found to
regulate cell cycles at G1-S phase or S phase depending on dosage of
Ara-C and cell cycle regulatory protein expression in acute myeloid
leukemia (AML) cells [20] and the status of Ras oncogene in NSCL and
colon carcinoma cell lines [8]. Interestingly, fludarabine also
demonstrate to delay cell cycle progression, and subsequent
parasynchronization of tumor cells into G2-M phase in the C3Hf/
Kam mice bearing SA-NH sarcoma cells [22]. Consistent with above
previous studies, our data demonstrated that FNC induced G1 and S
phase arrest at high and low dose, respectively, in B-cell NHL cell
lines. G2/M synchronization was also found in RL and SUDHL-6 cells
treated with low dose (0.5 wM) at late time course (48 h).
Accumulation of G2/M population is probably due to S phase arrest
by FNC. Similarly, FNC induced S phase arrest and subsequent G2/M
synchronization in solid tumors including pancreatic cancer cell
lines, PANC-1 and BxPC-3 and colon cancer cell line SW480 even at
high concentration. S phase arrest is important for killing tumor cells
by nucleoside analogues because previous studies show gemcita-
bine and fludarabine induce apoptosis of cells in S phase [10,22].

Induction of apoptosis is a common cytotoxic property of
gemcitabine, fludarabine and ara-C. Gemcitabine has been found
to induce apoptosis in vitro and in vivo [10,17]. Incorporation of
gemcitabine into DNA and S-phase arrest is critical in gemcitabine-
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Table 2A
FNC (IV) inhibits tumor growth in Hy, and S;go xenograft mice.

Drug Dosage (mgkg 'd~! x 8) Tumor weight (X £, g) Tumor growth inhibition (%)
Hao Control Saline 1.21+0.65 -
5-Fu 15 0.46 +0.18 61.9°
Cisplatin 1.0 0.58+0.35 52.1°
FNC 2.0 0.44 +0.50 63.6°
FNC 1.0 0.72 +047 405
FNC 0.5 0.87+£0.59 28.1
Siso Control Saline 1.64+0.52 -
5-Fu 15 0.62 +1.20 62.2°
Cisplatin 1.0 0.63+0.15 61.6°
FNC 2.0 0.58+0.17 64.6"
FNC 1.0 1.00+0.27 39.0°
FNC 0.5 1.21+0.35 26.2

" Treatment versus control p <0.01.

Table 2B
FNC (IG) inhibits tumor growth in H,, and S;g¢ Xenograft mice.

Drug Dosage (mgkg~'d~' x 8) Tumor weight (£, g) Tumor growth inhibition (%)
Hao Control Saline 1.66+0.79 -
Capecitabine 600 0.63+0.17 62.0°
FNC 2.0 0.56 +£0.31 66.3"
FNC 1.0 1.12£0.70 32,5
FNC 0.5 1.44+0.47 133
Sig0 Control Saline 1.64+0.52 -
Capecitabine 600 0.59+0.15 64.0°
FNC 2.0 0.56+0.22 67.7°
FNC 1.0 0.73+0.16 555"
FNC 0.5 1.09+0.17 335

" Treatment versus control p <0.01.

Table 2C
FNC (IG) inhibits tumor growth in SGC7901 xenograft nude mice.

Drug Dosage (mgkg~'d~! x 20) Tumor weight (X+ S, g) Tumor growth inhibition (%)
Control Saline 1.63+0.13 -

Capecitabine 400 0.61+0.09 63.2

FNC 2.0 0.51+0.12 68.7"

FNC 1.0 0.97+0.20 405

FNC 0.5 1.37+0.24 16.0°

" Treatment versus control p <0.01.

induced apoptosis. Moreover, bladder carcinoma cells with wild
type TP53 are more sensitive to apoptosis than TP53-mutant cells
under gemcitabine treatment [23]. Similarly, the effectiveness of
fludarabine and ara-C therapies relies on their abilities to induce
apoptosis in tumor cells. Inhibition of DNA synthesis, arrest of cell
cycle and activation of TP53 are key events in the mechanism of
induction of apoptosis [7,14,22]. Moreover, ara-C also can induce
apoptosis in resting Go-B-CLL cells using a mechanism indepen-
dent of cell proliferation and DNA replication but associated with
inhibition of RNA synthesis and downregulation of Mcl-1 [19]. As
estimated, apoptosis was induced by FNC in both lymphoma and
solid tumor cells.

The exisiting nucleoside analogues have critical problems such
as emergence of drug-resistant, requirement of frequent and large
doses of drugs and side effects of drugs. FNC, 2’-deoxy-2’-fluoro-4'-
azido cytidine is designed to solve above problems based on the
fundamentals of both organic chemistryand biochemistry, and
past findings of relationship between biological activity and
structure of nucleoside derivatives. The hypothetical fundamentals
comprise the following two ways [27]. (a) Prevent emergence of
drug-resistant virus: All clinical NRTIs belong to the family of 2/,3'-
dideoxy-nucleoside (ddN). The ddN structure has been assumed
essential for nucleoside derivative to be anti-viral active, i.e. to be
the chain terminator of proviral DNA biosynthesis. However,
resistance to all these clinical NRTIs is emerged. Resistance to these

ddNs means that virus can acquire the ability to discriminate
between ddN and physiologic 2’-deoxynucleoside (dN) and does
not accept ddN into the active center of its reverse transcriptase
(RT) and/or selectively cut off the incorporated ddN from its
proviral DNA terminus. Therefore, the nucleoside (N) that could
prevent the emergence of drug-resistant must satisfy the following
two conditions: N must have 3’-OH and N must be the chain
terminator of proviral DNA biosynthesis. FNC (2’-deoxy-2’-fluoro-
4’-azido cytidine) will be difficult for virus to discriminate because
it has all the functional groups of dN. And the neopentyl-type
secondary 3’-OH of FNC would be too unreactive to be used for
elongation of proviral DNA biosynthesis, FNC could be the chain-
terminator of proviral DNA biosynthesis. So, FNC was designed as
the nucleoside that can prevent emergence of drug-resistant virus.
(b) Provide nucleosides with stability to both enzymatic and acidic
glycolysis: The lone pair of the ring oxygen plays an important role
in both enzymatic and acidic glycolysis of nucleosides by
participating to form an oxocarbonium ion. The steric hindrance
between the 4’-azido and 3’-OH of FNC changes the ring
conformation into 3’-endo (N-type). It will be difficult for the
lone pair of the ring oxygen of FNC with 3’-endo conformation to
form oxocarbonium ion because the three bonds, C4-0-C1-C2, can
not be co-planar easily. Thus, the introduction of azido at the 4'-
position of nucleosides provide them with stability to both
enzymatic and acidic glycolysis.
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Given that FNC induces cell cycle arrest and apoptosis, it could
inhibit tumor cell growth very well. Indeed, cell proliferation was
inhibited by FNC at low M in numerous cancer cell lines.
Importantly, FNC significantly inhibited tumor growth in different
mouse models without toxicity, suggesting FNC may be a useful
agent for cancer therapy. In conclusion, this is the first time to
show FNC, a novel nucleoside analogue, has anticancer activity in
vitro and in vivo. Further studies should be conducted to ensure a
clinical trial is warranted.
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