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A targeted IL-15 fusion protein with potent
anti-tumor activity

Sigi Chen'?, Qiang Huang'?, Jiayu Liu'*, Jieyu Xing', Ning Zhang?, Yawei Liu*, Zhong Wang'**, and Qing Li'"?

'School of Pharmaceutical Sciences; Sun Yat-Sen University; Guangzhou, PR China; “Centre for Cellular & Structural Biology; Sun Yat-Sen University; Guangzhou, PR China; *Peking
University Cancer Hospital; Beijing Institute for Cancer Research; Beijing, PR China; “Health Division of Guard Bureau; General Staff Department of PLA; Beijing, PR China
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Abbreviations: CFSE, Carboxyfluorescein N-succinimidyl ester; Fc domain, fragment crystallization domain; HUVEC, human
umbilical vein endothelial cells; IL-15, interleukin-15; IL-15R, interleukin-15 receptor; NK cell, natural killer cell;
PBMC, peripheral blood mononuclear cell.

IL-15 has been actively investigated for its potential in tumor immunotherapy. To enhance the anti-tumor activity of
IL-15, the novel PFC-1 construct was designed, which comprises the following 3 parts: (1) IL-15Ra fused with IL-15 to
enhance IL-15 activity, (2) an Fc fragment to increase protein half-life, and (3) an integrin-targeting RGD peptide to
enhance tumor targeting. PFC-1 showed tumor cell targeting without compromising IL-15 activity. PFC-1 also had
potent anti-tumor activities in xenograft models, suggesting the potential application of this multi-functional fusion

protein in tumor therapy.

Introduction

Cytokines play important roles in the regulation of the
immune system, including ant-tumor immune responses. A
number of cytokines have been shown to have anti-tumor poten-
tial. Among these cytokines, interleukin (IL)-15 has been exten-
sively studied as a promising anti-tumor candidate."* TL-15
belongs to the common receptor y-chain cytokine family that
also includes IL-2.% TL-15 and IL-2 share the B and common vy
chains of their receptors (IL-2/15B7), but bind to different a
receptor chains (IL-2Ro/IL-15Raer). In a trans-presentation
model, during which IL-15 binds to IL-15Ra expressed on anti-
gen-presenting cells, the IL-15/IL-15 Ra complex then binds to
the IL-15B7 complex expressed on nearby effector cells.>* Simi-
lar to IL-2, IL-15 can stimulate the proliferation of T cells and
natural killer (NK) cells, the expansion of cytotoxic T cells and
the activation of NK cells. Unlike IL-2, IL-15 is not involved in
the activation-induced cell death and maintenance of regulatory
T cells,”® which can block the therapeutic effects of IL-2. Thus,
IL-15 is ranked at the top of the National Cancer Institute’s list
of agents with great potential for cancer immunotherapy.”

Recent studies have suggested that to achieve biological anti-
tumor responses 77 vivo, high dosages of IL-15 are indispensable.®”
The IL-15/IL-15Ra complex has been proposed to enhance the
activity of IL-15 approximately 50-fold iz vivo;'®'* thus, an TL-15/
IL-15Ra fusion may perform better than IL-15. Another limitation
of TL-15 as a therapeutic agent is its short plasma half-life."” Diverse
attempts have been undertaken to prolong the therapeutic activity
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of IL-15, such as gene therapy with viral vectors,"* engineering cells
to secrete IL-15," or fusing IL-15 to another larger protein frag-
ment'® such as the Fc domain of IgG, which has been widely used
to increase the plasma half-life of many proteins.'”'” One potential
limitation of these efforts is that the function of IL-15 is systemic
and not tumor specific. In response to a long IL-15 half-life, cyto-
toxic T cells or NK cells are expanded systemically, not only in
tumors. As uncontrolled systemic activation of the immune system
can be very toxic and lethal, a more desirable therapeutic agent will
need to be able to limit its function to tumors and spare other tissues
to reduce toxicity.

One approach to the development of tumor-targeting thera-
peutic agents, such as chemical compounds or large biological
molecules, is to use RGD Peptides.zo’21 RGD (Arg-Gly-Asp)-
containing peptides are a group of peptides that display a strong
binding affinity and selectivity to integrins, specifically the ov33
integrin.”* Integrins are a family of heterodimeric glycoprotein
receptors comprising an & and a 3 subunit, which mediate cell-
to-cell and cell-to-matrix interactions. The avP3 integrin is fre-
quently over-expressed on many tumor cell types and on endo-
thelial cells involved in tumor-associated angiogenesis.23 Thus,
small or large molecules that are conjugated or fused to an RGD
peptide can be targeted to tumor tissues. The increased local con-
centration of the therapeutic reagents can enhance tumor-killing
activities and limit toxicity.

In this paper, we constructed PFC-1, a targeting protein that
comprises the IL-15/IL-15Ra complex as an effector module, an
Fc domain to enhance the protein half-life, and an RGD peptide
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to target the tumor. PFC-1 can be efficiently expressed and
showed potent anti-tumor effects with increased cytotoxic T cells
and NK cells in the tumor tissues. These data suggest that PFC-1
is a promising tumor immunotherapeutic agent.

Results

PFC-1 fusion protein strongly stimulates IL-15-dependent
cell proliferation in vitro

To generate an immunotherapeutic protein with tumor tar-
geting features, a fusion protein, PFC-1, was constructed
(Fig. 1A). PFC-1 comprises an IL-15/IL-15Ra complex to stim-
ulate an immune reaction, an Fc domain to enhance protein
half-life, and an RGD peptide to specifically target tumors
(Fig. 1A). The fusion gene (PFC-I) was cloned into the
pCDNA3.1(+) vector and then transiently transfected into 293
cells. The protein was purified from cell culture medium using a
Protein-A immunoaffinity chromatography method with yields
of 30 mg/L. A single band of approximately 60 kDa was
observed under reducing conditions (Fig. 1B) in accordance
with the predicted molecular weight of PFC-1, 53.3 kDa. Under

non-reducing conditions, the majority of the protein is approxi-

approximately 60 kDa and a lesser product at the very top of the
gel, suggesting that the majority of the PFC-1 protein is in a
dimeric form, likely due to Fc domain dimerization.

The cytokine activity of PFC-1 was analyzed using a cytokine-
dependent cell proliferation assay in CTLL-2 and Mo7e cell
lines. CTLL-2 is a murine cytotoxic T lymphocytic cell line with
positive expression of both the IL-15Ra chain and the IL-15p
complex, while Mo7e is a human megakaryocytic leukemic cell
line that only expresses the IL-15By complex. Proliferation of
both cell lines can be induced by the presence of IL-15.° Similar
to IL-15, PFC-1 can stimulate the proliferation of both Mo7e
and CTLL-2 cell lines, demonstrating the IL-15 cytokine activity
of PFC-1 (Fig. 1C and D). When the molar concentration of
PFC-1 was calculated as a monomer in Mo7e cells, rhIL-15
showed a slightly higher cytokine activity than PFC-1 (Fig. 1C).
PFC-1 worked better than rhIL-15 in CTLL-2 cells, with
approximately 2- to 4-fold stronger activity (Fig. 1D).

We also constructed PFC-2, a mutant PFC-1 protein. Com-
pared to PFC-1, PFC-2 comprises the IL-15Ra sushi domain,
which is 12 amino acids shorter than the IL-15Ra in PFC-1,
plus the 72°¢ amino acid in IL-15 is mutated from an N to a D
(IL-15 N72D), which was previously reported to have higher
activity.”* PFC-2 was expressed and purified in the same way as

mately 120 kDa (Fig. 1B) with a minor product at PFC-1. PFC-2 activity is weaker with nearly half the potency of
PFC-1 in both Mo7e and CTLL-
2 cell lines (Fig. S1).
A C
SP RGD Fc(lgG1 IL-15RA IL-15 g 1.04 PFC-1 fusion protein
| X 3 3 T § 0.8+ stimulates primary immune
2 0.61 cell proliferation
3 0.4+ To measure the activity of
B (@] 0.24 PFC-1 on primary immune cells,
’ PBMC:s (Peripheral blood mono-
kDa ™ NR R 0.0 0 102 107 10° 10 nuclear cells) were prepared,
£ — - Molar concentration (nM) stained with CFSE and incubated
170 = with rhIL-15 or PFC-1 for 6 d.
% . D Both rhIL-15 and PFC-1, at either
. 1500 o PEC-1 i 1 or 10 nM, significantly stimu-
100 51-25' lated the proliferation of PBMCs
70 G § 1.004 compared to the control group
‘ - 90.75' (Fig. 2A). However, different
JEg— L 30.5{)- from the Mo7e and CTLL-2 cyto-
00.25- kine-dependent proliferation
0.004 assay, PFC-1 exhibited an approx-
T 10 100 101 imately 10-fold stronger potency
Molar concentration (nM) than rhIL-15 in PBMC prolifera-
tion, while 10 nM rhIL-15 led to
a proliferation rate of 20.71% and
e o e o et S e L | 1M B i in 3
i ] -Gly- PG, 5 IL- , IL- (0 .
inaclscjiF:wg tehe subsec?uenyt 12pa21izo acids from exon 3; L1, SS; L2, G,4S; L4,gSGZSG4SG3SG4SLQ. (B) Coomassie value of 22'95,% (Flg' ZB)' The
blue staining of the fusion protein developed from 10% SDS-PAGE under non-reducing (NR) or reducing (R) enhanced activity could be due to
conditions. (C) Mo7e proliferation stimulated by rhiL-15 and PFC-1. (D) CTLL-2 proliferation stimulated by the higher activity of IL-15/IL-
rhiL-15 and PFC-1. The concentration was calculated according to the molecular weight of a PFC-1 monomer. 15Ra than IL-15, the extended
The data are shown as the mean' E= .SD of triplicate samples and t.he lines represent the sigmoidal dose- half-life by the Fc fragment, or
response curve fit for ECso determination. The results are representative of at least 3 experiments. both.
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PFC-1 binding and co-
localization with o35 integrin

To confirm that PFC-1 can
indeed bind to tumor cells or
tumor endothelial cells through
cell surface integrins, HUVEC
endothelial cells or SKOV3 ovar-
ian cancer cells were used to check
PFC-1 binding as both of these
cell lines have high expression of
avBs integrins.zl’25 Flow cytome-
try analysis suggested that both
HUVEC (Fig. 3A, left panel) and
SKOV3 cells (Fig. 3B, left panel)
are indeed ayP;-integrin positive.
Though weaker than the anti-
ayB3 integrin mAb, PFC-1 can in
fact bind to HUVEC (Fig. 3A
right panel) and SKOV3 cells
(Fig. 3B, right panel). The bind-

ing is specific as no binding was observed for the colon cancer
cell line LS1747T, which is oy85-integrin negative (Fig. S2). Fur-
thermore, imaging analysis showed that PFC-1 co-localized with
the anti-oy5 integrin mAb on both HUVEC and SKOV3 cells
(Fig. 3C), demonstrating that the binding of PFC-1 to HUVEC
and SKOV-3 was oyfs-integrin specific, likely via the RGD

motif.

PFC-1 has potent anti-tumor
effects in vivo

To further evaluate the iz vivo
anti-tumor efficacy of PFC-1,
C57BL/6 mice transplanted with
B16F10 melanoma cells were
treated with 5 or 20 wg PFC-1 or
vehicle. Five pg PFC-1 treatment
was able to restrain tumor growth
by 70%, while the 20 pg PFC-1
treatment was able to completely
(100%) abrogate tumor growth
(Fig. 4), demonstrating the potent
anti-tumor effects of PFC-1.

To analyze the effect of PFC-1
on immune cells, C57BL/6 mice
were transplanted with B16F10
melanoma cells. After large tumor
burdens were established, 10 pg
PFC-1 (Fig. 5A) was injected
intravenously for 2 consecutive
days. Potent in vivo tumor growth
blockage was observed (Fig. 5A).
On day 5, the tumor volume had
shrunk by 25% after PFC-1 treat-
ment (Fig. 5A) compared to the
initial tumor volume. With an
additional PFC-1 treatment on

www.tandfonline.com
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Figure 2. PBMC proliferation stimulation in vitro by PFC-1. CFSE-labeled PBMCs were incubated with various
concentrations of rhiL-15 or PFC-1 for 6 d Proliferation of PBMCs was assessed by flow cytometry. (A) Repre-
sentative FACS images of PBMC proliferation are shown. (B) Quantitative analysis of PBMC proliferation stim-
ulation by rhiL-15 or PFC-1. The concentration was calculated according to the molecular weight of a PFC-1
monomer. The data are shown as the mean =+ standard deviation of triplicate samples. The results are repre-
sentative of 3 experiments. The t test was used for statistical analysis with p < 0.05.

day 6, tumor volumes decreased to 54% of the initial tumor vol-
ume (Fig. 5A).

Flow cytometry was performed to analyze lymphocytes iso-
lated from the peripheral blood, spleen and tumors of mice
treated with PFC-1 or the vehicle groups. A steep increase in the
number of CD8T cells was observed in the peripheral blood,

A B
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Figure 3. PFC-1 binding to a5 integrin (CD51/61) and co-localization with a3 integrin (CD51/61). Flow
cytometry analysis of PFC-1 binding to a3 integrin on (A) HUVEC and (B) SKOV3 cells. Anti-ayB3 integrin
(CD51/61) is in the left panel and PFC-1 is in the right panel. (C). Confocal microcopy of PFC-1 co-localization
with a3 integrin (CD51/61) in HUVEC cells (upper panel) and SKOV3 cells (lower panel). The bar scale repre-
sents 20 pm.
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Figure 4. In vivo anti-tumor activity of PFC-1. C57BL/6 mice transplanted
with B16F10 melanoma cells received 5 or 20 g PFC-1 or vehicle
(200 pl per mouse, i.p.) on indicated days (arrow) every 3 d for 2 treat-
ments in total. Then, tumor volumes were measured correspondingly.
The data are shown as the mean =+ SD; n = 5~8; **, p < 0.01, t test.

spleen and tumors of mice treated with PFC-1 (Fig. 5B, top). A
significant increase in CD44, a T cell activation marker, on
CDS8™T cells was also observed in peripheral blood, splenocyrtes,
and tumor-infiltrating lymphocytes (Fig. 5C), suggesting that
PFC-1 not only increased the population but also activated
CDS8™T cells. PFC-1 was also able to mobilize more NK cells in
tumors (Fig. 5B bottom). Similar observations were also
observed in cells treated with PFC-2 with some slight differences
(Fig. S3). All of the data suggest that PFC-1 and PFC-2 stimu-

late immune cells to kill tumor cells.

PFC-1 blocks tumor metastasis

IL-15 and IL-15/IL-15Ra have been demonstrated to block
tumor metastasis. To evaluate the effect of PFC-1 on tumor
metastasis, C57BL/6 mice were intravenously injected with
B16F10 melanoma cells. Lung metastasis developed rapidly in
these mice (Fig. 6). A single intraperitoneal administration of
10 pg PFC-1 effectively reduced the average lung metastasis
node number from 61, the average in the vehicle group, to 11.4
in the treated group, a decrease of more than 80%, suggesting
that PFC-1 can effectively block tumor metastasis.

Discussion

A B In this study, we reported a cyto-

5E“ 1 0000: & PFC-1 60+ o kine fusion protein that combines a

E 80001 .© Vehicle %;{5} i tumor-targeting RGD' peptide, an

g 6000: % % 154 IgG Fc fragment, and IL-15/IL-

3 ] e 5 15Ra into a single molecule. /n

$ 4000- %}% - E g vitro and in vivo experiments sug-

‘E— 2000_' 8 24 gest that each component of the

o Y i—_!‘I—l—-_. 14 i i fusion protein retains its specific

-+-r——TTT 0- function: the anti-tumor activity of

DO D1 D2 D3 D4 DS D6 D7 107 ~ IL-15/IL-15Ra, the tumor cell

A4 4 = o binding ability of the RGD peptide,

C ?—; il and the ability of the Fc fragment to

® facilitate  purification and likely

1004 X 4 enhance half-life 77 vivo. The com-

S 90- 2 * g binatorial properties of this fusion

S ™ . rl ' . protein provide a superior immuno-

E 0 Blood  Sgleen  Timor therapeutic agent for anti-tumor
= therapy.

o IL-15 is an ideal candidate for

. cancer immunotherapy,7 as it

D o Vehicle M PFC-1 stimulates the proliferation of T

o 59\36 <© cells and NK cells, expands cyto-

CD8*T toxic T cells and activates NK cells

without affecting the activation-

Figure 5. PFC-1 in vivo anti-tumor efficacy on established large B16F10 tumor xenografts. (A) C57BL/6 mice
with large established B16F10 tumor (1000 mm?) xenografts received 10 wg/mouse PFC-1 or vehicle
(200 ) i.v treatment son indicated days (arrow) and tumor volumes were measured correspondingly. (B)
The CD8*T cell ratio (top) and NK cell ratio (bottom) were measured in the blood, spleen and tumor after
mice were euthanized on day 7. (C) The change in the CD44 ratio in the CD8'T cells and NK cells was also
measured in the blood, spleen and tumor by flow cytometry. The data are shown as the mean + SD;

n = 5~8;**, p < 0.01; *** p < 0.005, t test.

induced cell death activity of regu-
latory T cells.>® However, as an
anti-tumor agent, high dosage&9
and short plasma half-life'” limit
the potential of IL-15.

To enhance the activity of IL-
15, we first fused IL-15Ra with
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Figure 6. Effect of PFC-1 on the B16F10 melanoma metastasis model.
C57BL/6 mice were i.v. injected with 5*10°> B16F10 melanoma cells on
day 0 and a single dosage of 10 g PFC-1 or equal volume of vehicle
was administered. On day 21, the lungs were removed and metastasis
nodes were counted. (Top) A representative figure of the lungs and (bot-
tom) the lung metastasis number. The data are shown as the mean +
SD,n=5, ttest.

IL-15. The fusion of IL-15 to IL-15Ra has been reported to max-
imize its stimulatory properties i vitrs”>?” and enhance the anti-
tumor activities of IL-15 in various mouse tumor models.” How-
ever, the IL-15 activity in PFC-1 is complicated. Using CTLL-2
and Mo7e cells, PFC-1 stimulated cell proliferation similarly to
IL-15 (Fig. 1). In PBMC proliferation assays, PFC-1 showed
fold10- higher activity than IL-15 (Fig. 2). The topological orien-
tation of the IL-15/IL-15Ra fusion in PFC-1 is different than in
previous studies.”® Due to the presence of the Fc fragment, the
PFC-1 protein dimerized (Fig. 1). It is not clear how these struc-
tural changes affect IL-15 activity. However, the similar or higher
activity of PFC-1 suggested that IL-15 activity is not compro-
mised. The enhanced activity observed in the PBMC proliferation
assays may be related to the enhanced PFC-1 halflife due to the
presence of the Fc fragment, which also facilitates the easy purifica-
tion of the fusion protein using protein A affinity purification.

www.tandfonline.com
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To maximize the IL-15/IL-15Ra activity, we also made PFC-
2, an IL-15 mutant (N72D), which has displayed increased
IL-15 activity. However, with the PFC-2 construct, probably due
to the deletion of the 12 exon 3 amino acids directly after the IL-
15Ra sushi domain, lower cell proliferation activities were
observed in Mo7e and CTLL-2 cells (Fig. S3), which is similar
to previous reports.”*’ Similar or slightly lower iz vivo activities
were also observed in PFC-2 compared to PFC-1 (Fig. S3).

Another potential issue with IL-15 is its non-specific system-
atic distribution, which can lead to toxicity in undesired tissues.
To increase the local concentration of IL-15 in tumor tissues, an
RGD peptide was fused to the N-terminal end of PFC-1. RGD
(Arg-Gly-Asp) peptides display a strong binding affinity and
selectivity for integrins, especially the avB3 integrin,”* which is
overexpressed on many tumor cells and on endothelial cells
involved in tumor-associated angiogenesis.”> PFC-1 demon-
strated potent av33-integrin binding to the avB3-integrin posi-
tive tumor cell line SKOV-3 and the endothelial HUVEC cells,
while not binding to the avf3-integrin negative cell line
LS174T (Fig. S2), suggesting that the RGD peptide will likely
enhance tumor targeting. However, due to the low tolerated dos-
age of PFC-1 in mouse experiments, we were unable to identify
PFC-1 enrichment in tumor samples, specifically at sites of
tumor angiogenesis.

In conclusion, the combinatorial fusion protein PFC-1 retains
the activity of IL-15 and shows strong anti-tumor effects. This
fusion protein overcomes the limiting issues of IL-15 by increas-
ing its half-life and tumor targeting, which can reduce systemic
exposure to IL-15 and reduce toxicity. This molecule has the
potential to be a powerful immunotherapeutic agent for malig-
nant tumors.

Materials and Methods

Antibodies

Recombinant human IL-2 (AF-200-02) and granulocyte-mac-
rophage colony-stimulating factor (300-03) were purchased from
Peprotech. Recombinant human IL-15 (247-IL-105) was pur-
chased from R&D Systems. Anti-MsCD3e (145-2¢11)-PerCP,
anti-MsCD8a(53-6.7)-FITC, anti-MsNK1.1(PK136)-FITC,
anti-MsCD44(IM7)-PE  and  anti-MsCD122(TM-Btal)-PE
were purchased from BD PharMingen. Anti-human CD51/61
(ayB; integrin) purified mAb was purchased from eBioscience.
Goat anti-human IgG(H+L)—AlexaF1uor 488, goat anti-mouse
IgG(H+L)—AleXaFluor 488 and goat anti-Mouse IgG(H+L)—
AlexaFluor 647 were purchased from Invitrogen.

Cell lines and animals

SKOV-3, CTLL-2, and Mo7e cells were purchased from the
Shanghai Cell Bank. HUVEC cells were kindly gifted by Dr.
Gao Huile from Sichuan University.”’ CTLL-2 cells were cul-
tured in RPMI 1640 supplemented with 20% fetal bovine serum
(FBS), 30 ng/ml IL-2, and 1% non-essential amino acids. Mo7e
cells were cultured in RPMI 1640 supplemented with 10% fetal
bovine serum (FBS), 10 ng/ml GM-CSF, and 1% non-essential
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amino acids. SKOV-3 and HUVEC cells were cultured in
DMEM supplemented with 10% FBS. PBMC were isolated
from the buffy coat of healthy donors using Ficoll-Paque plus
(GE health) and cultured in RPMI-1640 supplemented with
10% FBS. C57bl/6 mice were purchased from the Animal Exper-
iment Facility of Sun Yat-sen University. Human blood collec-
tion, animal care and animal experiments were approved by Sun
Yat-sen University.

Generation of the recombinant protein

To generate the recombinant protein PFC-1, PFC-1 was
cloned into the pcDNA3.1 vector with a mouse kappa chain sig-
nal peptide. The plasmid was transiently transfected to 293 cells.
One hundred ml of media were collected after 3 d of culture.
The PFC-1 protein was purified with a Protein-A-agarose affinity

purification protocol.

Cytokine-dependent cell proliferation assay

To measure cytokine-dependent cell proliferation, CTLL-2
and Mo7e cells were harvested in their logarithmic growth phase,
washed twice with PBS and incubated for 4 h in assay medium
(RPMI 1640 supplemented with 10% FBS and 1%NEAA) for
cytokine starvation at 37 °C and 5% CO2. During the incuba-
tion, IL-15 and PFC-1 were diluted to an initial concentration of
10 nM in the assay medium, followed by serial dilutions. After
a 4-h incubation, cells were collected and a cell suspension
(2 x 10 cells/well) was sceded immediately into corresponding
wells and incubated at 37 °C and 5% CO2 for 48 or 72 h with
CTLL-2 or Mo7e cells, respectively. After a 48-h or 72-h incuba-
tion period, CCK-8 assay (Dojindo) was performed to measure
the amount of live cells.

CFSE labeling of PBMC and proliferation assay

To measure PBMC proliferation, PBMCs were freshly pre-
pared by Ficoll centrifugation, adjusted to 2 x 10° cells/ml, and
then stained with 5 uM CESE (eBioscience) according to the
manufacturer’s instructions. Stained PBMCs (5 x 10° cell/ml)
were incubated with 1 nM or 10 nM of rhIL-15 and PFC-1 for
6 d PBMC proliferation was assessed by flow cytometry using a
Cytomic FC500 (Beckman Coulter) and analyzed using the
Kaluza software (Beckman Coulter).

Integrin binding assay

To test the binding of PFC-1 to integrins, HUVEC and
SKOV3 cells were cultured in DMEM supplemented with 10%
FBS to 80% confluence. Cells were trypsinized, adjusted to 4 x
10° cells/ml and incubated in complete DMEM medium for 2 hr
at 37 °C. Cells were then washed with PBS and aliquoted to a
concentration of 2 x 10° cell/500 wl. Then, the cells were stained
with 2 pg of anti-human CD51/61 (a5 integrin) or PFC-1,
followed by incubation with a fluorophore-conjugated secondary
antibody before being subjected to flow cytometry analysis.

Confocal microscopy

SKOV3 and HUVEC cells were cultured on 30-mm glass-
bottom dishes (In Vitro Scientific) to 70% confluence. The cells

1420

Cancer Biology & Therapy

were then washed with cold PBS and fixed with 4% paraformal-
dehyde. The fixed cells were incubated with 2 pg of purified
anti-human CD51/61 (ayB5 integrin) or PFC-1 at room tem-
perature for 1 hr, followed a second incubation at room tempera-
ture for 1 hour with either goat anti-mouse IgG-AlexaFluor 647
or goat anti-human IgG-AlexaFluor 488, respectively. The nuclei
were counterstained with DAPI. Zeiss LSM710 confocal micros-
copy was used to observe the cells.

In vivo efficacy studies

For the anti-tumor studies, 4-6 week old female C57bl/6
mice were injected with 5 X 10’ B16F10 mouse melanoma
tumor cells in 200 pl PBS at the right flank. Ten to 12 d later,
once tumors reached 5-8 mm in diameter (day 0), mice were
treated with a tail-vein injection of 10 wg PFC-1/-2 protein in
200 pl PBS on day 1, day 2, and day 6. Tumor diameters were
measured on a daily basis with an electro caliber. Tumor volumes
were calculated using the following equation: tumor volume =
length x width x width / 2.

To study the effect of PFC-1 on tumor metastasis, 4-6 week
old female C57BL/6 mice were inoculated intravenously with
5 x 10’ BIGF10 cells on day 0. On day 1, a single dosage of
10 pg PFC-1 or an equivalent volume (100 pl) of PBS was
administered by intra-peritoneal injection. On day 21, mice were
euthanized. The mouse lungs were removed, washed with PBS,
and preserved in 10% formaldehyde. Lung metastatic tumors
were counted under a binocular microscope (Leica M125).

Phenotypic characterization by flow cytometry

To characterize mouse lymphocytes, peripheral blood was col-
lected from the orbital vein. Spleens were removed and spleno-
cytes were processed into single cell suspensions and filtered
through a 70-pwm nylon mesh (BD). Tumor tissues were also
removed and gently disrupted with forceps followed by enzy-
matic digestion with 0.2 mg/ml collagenase IV (Sigma) and
0.1 mg/ml DNase I (Sigma) in RPMI-1640 at 37°C for 15 min.
The released cells were collected and the remaining tumor tissue
was subjected to further processing by incubation in fresh diges-
tion medium for an additional 25 min at 37°C. Single-cell sus-
pensions were filtered with a 70-um nylon mesh. Cell samples
from the blood, spleen and tumor tissues were then stained with
the corresponding antibodies at room temperature for 30 min,
protected from light. Samples were then washed with PBS twice
and adjusted to an appropriate volume for flow cytometry
analysis.
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