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HYPOXIA-DEPENDENT EXPRESSION OF ADAMS8 IN HUMAN
PANCREATIC CANCER CELL LINES
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Background: One of the most characteristic features of malignant tissue is the high level of intratumoral hypoxia, which is considered
as a powerful factor for induction of tumor aggressiveness and malignant progression. Pancreatic cancer (PC) is a near fatal disease
with very unfavorable clinical outcome despite the application of different treatment regimes. It was shown that PC is characteri-
zed by high level of hypoxia. Aim: To clarify the correlation between tumor hypoxia and ADAMS protein expression. Materials
and Methods: ASPC-1, Panc-1, BxPC-3, Capan-1, MiaPaCa-2, Colo-357, Su8686 and T3M4 cell lines were used in the study.
Expression of mRNA ADAMS was evaluated by real-time quantitative polymerase chain reaction method. Immunoblot analysis
was used to evaluate the expression of ADAMS protein. Results: Hypoxia induced a 2.5—5.9-fold increase of ADAMS8 mRNA levels
of in the examined pancreatic cancer cell lines except Panc-1 (p = 0.046). On the protein level, hypoxia induced a 1.2—5.9-fold
increase of the ADAMS8 prodomain removal form (90 kDa) in 5/8 pancreatic cancer cells. Moreover, hypoxia induced a 1.3—2.0-fold
increase of the remnant form ADAMS (60 kDa) in 4/8 pancreatic cancer cell lines: Aspc-1, Colo-357, Panc-1, T3M4. Conclusion:
It was observed the clear tendency in the increase both of ADAMS8 mRINA and ADAMS protein levels in pancreatic cancer cell lines
under hypoxia compared to normal conditions of oxygenation. A potential role of ADAMS as a hypoxia-dependent protein in the

pathogenesis and evolution of pancreatic cancer that is characterized by high level of intratumoral hypoxia can be suggested.
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The high level of intratumoral hypoxia is one of the
most characteristic features of malignant tissue. This
phenomenon is the most important in differences
between tumor and normal tissues as well as benign
tumors [1-3]. The investigation results both experi-
mental and clinical studies has allowed on considering
tumor hypoxia as a powerful factor for angiogenesis
induction [4] facilitating tumor progression and meta-
static spread [5, 6].

Pancreatic cancer is a near fatal disease with very
unfavorable clinical outcome despite the application of
different treatment regimes [7]. One of the major causes
of therapy failure of pancreatic cancer is its systemic
dissemination and extraordinary local tumor progres-
sion, in particular invasioninto the adjacent tissues. Itis
remarkable that pancreatic cancer featured by high ag-
gressiveness is characterized by high level of hypoxia.
Koong et al. [8] have provided the direct evidence due to
pO, measurements using polarographic electrode that
significant tumor hypoxia exists in human pancreatic
cancer. Several studies shown that pancreatic cancer
hypoxia is associated with its aggressiveness and
positively impact on malignant progression, including
metastasis and chemoresistance [9, 10].

It is well known that extracellular proteases have
been closely associated with metastatic phenotype of
tumor cells. There are rather clear evidences of a direct
correlation between elevated level of tumor matrix
metalloproteinases (MMPs) activity and ability of tumor
to invade and metastasize [11, 12]. In our previous ex-
periments it was shown the direct correlation between
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MMPs activity and hypoxia level in primary tumor that
was accompanied with active metastasizing in lung of
tumor-bearing animals [13]. The results obtained have
allowed us to suppose that hypoxia affects positively
MMPs activity in tumor tissue resulting in the enhance-
ment of metastasis.

Recently, the attention of scientists has been fo-
cused on the relatively new class of proteases, namely
ADAMSs (A Desintegrin And Metalloprotease domen)
that are considered as a new factors associated with
the invasiveness of the malignant tumors. They are the
members of a family of transmembrane proteins, which
implicated in cell-cell interaction, proteolysis of mem-
brane proteins, and various aspects of carcinogene-
sis [14]. ADAMS is processed by autocatalysis into
two forms: one is derived by removal of a prodomain
(processed form) and the other is a remnant protein
composed of the extracellular region, with a disintegrin
domain at the amino terminus [15].

It was shown that some ADAMSs are overexpressed
in malignant tumors and may be exploited as prognos-
tic markers [16—19]. The overexpression of ADAM9,
ADAM15and ADAM17 was observed in pancreatic can-
cer [20-22]. The special interest is concentrated on
ADAMS, because it is not inhibited by tissue inhibitors
of metalloproteinases (TIMPs) and is different from
other proteolytic proteins [23]. Correlation between
ADAMS expression and malignant progression as well
as worse prognosis were observed in lung cancer,
prostate carcinoma, kidney cancer and glioblastoma
[16-19]. ADAMS8 overexpression in human pancreatic
cancer was shown in our previous study [24].

At the same time the possible correlation between
tumor hypoxia and ADAMSs expression was not fully
investigated till now. This study was aimed to evaluate
the effect of hypoxia on ADAMS8 expressionin cell lines
of human pancreatic cancer.
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MATERIALS AND METHODS

Cell lines. ASPC-1, Panc-1, BxPC-3, Capan-1
and MiaPaCa-2 cell lines were obtained from Ameri-
can Type Culture Collection (Rockville, MD, USA).
Colo-357, Su8686 and T3M4 cell lines were a gift from
R.S. Metzgar (Duke University, Durham, NC, USA).
Cells were grown in RPMI-1640 medium supplemented
with 109% FBS, 100 U/ml penicillin and 100 pg/ml strep-
tomycin (Invitrogen, Karlsruhe, Germany) and were
incubated in a 5% CO, humidified atmosphere.

Real-time quantitative polymerase chain reac-
tion (qRT-PCR). Allreagents and equipment for mMRNA/
cDNA preparation were supplied by Roche Applied Sci-
ence (Mannheim, Germany). mRNA of human pancreatic
celllines was prepared by automated isolation using the
MagNA pure LC instrument and isolation kit | (for cells)
and kit Il (for tissues). cDNA was prepared using the first-
strand cDNA synthesis kit for RT-PCR (AMV) according to
the manufacturer’s instructions. The primer sequences
for ADAMS8 were obtained from Search-LC (Heidelberg,
Germany). Real-time PCR was performed using the
LightCycler FastStart DNA SYBR Green kit. The number
of specific transcripts was normalized to the average
expression of two housekeeping genes (cyclophilin Band
HPRT) and presented as adjusted transcripts/ul cDNA,
as described previously [25].

Immunoblot analysis. Cells were lysed in a lysis
buffer containing 50 mM Tris-HCI pH 7.5, 150 mM
NaCl, 2mM EDTA pH 8.0, and the Complete Protease
Inhibitor Cocktail Tablet (Roche Diagnostics GmbH,
Mannheim, Germany) and 1% SDS. 17-25 ug proteins
were separated on NuUPAGE Novex Bis-Tris 4-12%
gels (Invitrogen, Karlsruhe, Germany) and electro-
blotted onto nitrocellulose membranes. Membranes
were then incubated in blocking solution (5% milk in
20 mM Tris HCI, 150 mM NCI, 0.1% Tween-20), fol-
lowed by overnight incubation with a rabbit polyclonal
ADAMBS antibody (dilution 1 : 250 in blocking solution)
(Chemicon International, Temecula, CA, USA). The
membranes were then washed in TBS-T and incubated
with anti-rabbit horseradish peroxidase-conjugated
secondary antibodies (Amersham Bioscience, Buck-
inghamshire, UK). Antibody detection was performed
with an enhanced chemiluminescence reaction (ECL,
Amersham Bioscience). Equal loading and transfer
was confirmed using y-tubulin and ERK-2 antibodies
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA).
For semiquantitative analysis of the immunoblots,
densitometry was carried out and the signal intensity of
ADAMS expression was normalized to its correspond-
ing signal intensity of y-tubulin.

Hypoxia treatment. Cells were grown to ~ 70%
confluence in 10 cm tissue culture dishes. For hypoxia
treatment, cells were incubated in a hypoxic chamber
with fresh complete medium (Billups-Rothenberg, Inc.,
Del Mar, CA, USA) with an 89.25%/10%/0.75% mix-
ture of N,/CO,/O, for 24 h. After the indicated time of
hypoxia exposure, RNA and proteins were extracted
from hypoxic and normoxic pancreatic cancer cells as
described above.

Statistical analysis. Results are expressed as a
mean + SEM. Statistical analysis was performed using
non-parametric Mann — Whitney test.

RESULTS

QRT-PCR was performed to evaluate the expres-
sion of ADAM8 mRNA in pancreatic cancer cell lines
affected by hypoxia compared to normal condition of
these celllines. Therefore, differentamounts of ADAM8
mRNA within a range of 16—-922 copies/ul cDNA were
detected in all examined pancreatic cancer cell lines
under normoxia (Table 1). Then, the effects of hypoxia
on ADAM8 mRNA levels were examined in pancreatic
cancer cells. Hypoxia induced an increase of ADAMS8
mRNA levels of 2.5-5.9-fold in all examined pancreatic
cancer cell lines except Panc-1 with the lowest basal
level of ADAM8 mRNA (Table 1). BxPC-3, Capan-1
and Su8686 have shown the highest relative increase
of ADAM8 mRNA expression levels under the effects
of hypoxia. The clear tendency to increase levels of
ADAMS8 mRNA under hypoxia condition as compared

to normoxia ones was observed.
Table 1. ADAM8 mRNA expression in pancreatic cancer cells exposed to
hypoxia

Cell lines Culture Copies/ul cDNA  Hypoxia/normoxia ratio of
conditions _ (mean + SEM) mRNA expression

Aspc-1 Normoxia ~ 847.0 £427.9

Hypoxia 2246.0 £ 954.2 2.6
BxPC-3 Normoxia 140.5+7.5

Hypoxia 470.0 £ 275.0 3.3
Capan-1 Normoxia ~ 439.7 = 180.3

Hypoxia 1612.0 £ 215.4 3.7
Colo-357 Normoxia  42.0+11.0

Hypoxia 104.5 £ 20.5 2.5
MiaPaCa-2 Normoxia 52.5+15.5

Hypoxia 136.0 = 8.0 2.6
Panc-1 Normoxia 15.5+7.5

Hypoxia 19.0+4.0 1.2
Su-8686 Normoxia ~ 740.5 = 287.5

Hypoxia 4356.0 = 1301.0 5.9
T3M4 Normoxia ~ 929.0 £ 215.0

Hypoxia 2419.0 + 834.5 2.6

Immunoblot analysis was performed to compare
the mRNA data with the corresponding protein expres-
sion level. It has been shown that ADAM8 was present
in two forms (60 kDa and 90 kDa) in the all investi-
gated cell lines although the basal level of expression
was different being in parallel with the expression of
mRNA (Figure). The 90 kDa processed form contains
the metalloprotease (MP) domain responsible for the
proteolytic activity of ADAMS8, and the 60 kDa remnant
form mediates cell adhesion [15]. On the protein level,
hypoxiainduced a 1.2-5.9-fold increase of the ADAM8
prodomain removal form (90 kDa) in 5/8 pancreatic
cancer cells. In Panc-1 cells, there was a 0.4-fold
decrease of ADAMS in response to hypoxia, and in
BxPC-3 and Su8686 there were no significant changes
observed (Table 2). Additionally, hypoxia induced a
1.3-2.0-fold increase of the remnant form ADAM8
(60 kDa) in 4/8 pancreatic cancer cell lines: Aspc-1,
Colo-357, Panc-1, T3M4 (see Table 2). From these
results we might conclude, that in some pancreatic
cancer cell lines tendency to increase levels of ADAM8
protein under effect of hypoxia was observed.
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Figure. ADAMBS protein expression in pancreatic cancer cell lines
was determined by immunoblotting. Equal loading of the protein
samples was confirmed using y-tubulin antibody. Size markers
are indicated on the left (in kDa)

Table 2. ADAMS protein expression in pancreatic cancer cells exposed

to hypoxia

Hypoxia/normoxia ratio of ADAMS8 forms protein expression

Cell lines

90 kDa 60 kDa
Aspc-1 1.9 1.96
BxPC-3 1.04 0.941
Capan-1 1.22 1.07
Colo-357 5.91 1.46
MiaPaCa-2 1.73 0.78 1
Panc-1 0414 1.33
Su-8686 1.09 1.02
T3M4 1.48 1.35

DISCUSSION

ADAMs are a large family of transmembrane pro-
teins that are involved in proteolysis, making them
candidates for mediating the remodeling of the ex-
tracellular matrix (ECM). ADAMs affects cell adhesion
and cell migration, which is important under physio-
logical conditions. During tumor development these
effects might influence the ability of cancer cells to
metastasize, making these proteins possible targets
for anti-tumor therapy [26]. ADAMS8, one of the mem-
bers of the ADAM family, is overexpressed in various
human tumors [16—-19]. It has been shown previously
that hypoxia influences the expression of some ADAM
proteins [27, 28]. Namely, oxidative stress induced
ADAMO protein expression in human prostate cancer
cells and chronic hypoxia reduce expression ADAM10
and TACE proteins in the human neuroblastoma but
without altering their mRNA levels [27, 28].

In our study ADAM8 mRNA expression has been
shown to increase in all pancreatic cancer cell lines
under hypoxic conditions although ADAMS8 protein
expression increased in 5 of 8 pancreatic cancer cell
lines under hypoxic condition. Interesting, BxPc-3 and
Su8686 cell lines have not shown changes of ADAM8
protein expression (one of the two presented active
forms) under hypoxia. It was shown the decrease of
ADAMS8 protein expression (90 kDa form only) under
hypoxia in Panc-1 cell line. 90 kDa processed form
contains metalloprotease domain responsible for
proteolytic activity of ADAMS8 and is a potential shed-
ding protein. 60 kDa form of ADAMS8 protein mediates
cell adhesion. It was also shown increase of ADAM8
90 kDa form expression in MiaPaCa-2 cell line that
mightindicate the increase of shedding ability of ADAM8
protein under hypoxia in this cell line. It was observed
the increase of both forms of ADAMS protein expres-
sion under hypoxia in T3M4 cell line at the same level.

Colo-357 cell line was characterised by the highest
increase of level of ADAM8 90 kDa form expression
under hypoxia compared to normoxia condition of this
cell line cultivation. As we known, BxPc-3 Panc-1 and
MiaPaCa-2 cell lines originated from primary tumor
of pancreatic carcinoma (G3), Aspc-1-ascites (G2),
Su8686, Capan-1-liver metastasis (Su8686-G2/3,
Capan-1-G1) and T3M4-lymph metastasis (G2). It is
needed to remark that observed changes in expression
of ADAM8mRNA and ADAMS protein were registered
in cells exposed in vitro to hypoxia during 24 h. At the
same time, tumor tissue in vivo is characterized by the
continuous exposure of tumor cells to chronic hypoxia
resulting in the rearrangement of molecular profile of
tumor. This fact may partly explain why increase of both
mRNA and protein ADAMS8 expression was not substan-
tial under relatively short-term exposition to hypoxia.

In the previous work it has been shown that ADAM8
protein presents in the normal pancreatic tissuesin one
active form only (60 kDa form remnant protein which
is a potential adhesion molecule). In comparison to
this fact, ADAMS8 protein found to be expressed in two
active forms: potential shedding protein and remnant
protein in the pancreatic tissues under chronic pan-
creatitis and pancreatic cancer [24].

Thus, inthe present study we observed the tendency
of increasing both ADAM8 mRNA and ADAMS8 protein
levels in pancreatic cancer cell lines under hypoxia com-
pared to normal conditions of oxygenation. A potential
role of ADAMS8 as a hypoxia-dependent protein in the
pathogenesis and evolution of pancreatic cancer that is
characterized by high level of intratumoral hypoxia may
be suggested. Pancreatic cancer cell lines with different
levels of ADAM8 expression under hypoxia compared to
normoxia may be exploited for screening of new antican-
cer substances, in particular hypoxia-dependent.
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SABUCUMASA OT TMNOKCUN SKCINPECCUYA BEJIKA ADAMS8
B KNNETOYHbIX JIMHUAX PAKA NMOAXXEJTYA04YHOW XXENE3bI
YEJIOBEKA

Beedenue: n3BeCTHO, YTO XaPAKTEPHOI YePTOii 37I0KAYeCTBEHHBIX OMYXOJI€il ABJISIETCS BHYTPHOITYX0JIeBasi TUTIOKCHS, TIOJIOKUTETLHO
BJMSIONIAS HA 3JI0Ka4eCTBEHHYIO nmporpeccuio. Pak nomkenynounoii xkenesnl (PI1XK) sBasieTcss oueHb arpecCMBHOI OIMyXOJIbIO,
00J1a/1a1011Ieli BBICOKOIi CIOCOOHOCTHIO K MHBA3MH B 0JIM3JI€XKAIIME TKAHU U OPraHbl, YTO 00YCJIOBJIMBAET HEYI0BJIETBOPHTEIbHbIE
pe3yiabrarthl JedeHns. [lokazano npu 3tom, uro PIIZK oTHOCHTCS K HOBOOOPA30BAHHUAM C BBICOKOI cTeneHbI0 runoKcun. Ileas:
yCTaHOBJIEHHE BO3MOKHOI1 3aBucUMOCTH 3Kcnpeccu 0eaka AJIAMS u ero MPHK ot ypoBHs okcureHamuu Kietok. Mamepuaawt
u Memoobt: Ucnoib30BaM Kierounbie TuHud PITK vyenoBeka. Dkenpeccuro MPHK n 6enka ADAMS onpenensiim metogamu qRT-
PCR u BecTepH-0/10T-aHAIH3a COOTBETCTBEHHO. Pe3yibmamot: yCTAHOBIEHO, YTO TUIIOKCHS MHIYIIMPOBAJIA NMOBbIIIEHHE YPOBHS
MPHK ADAMS B 2,5—-5,9 pa3a B ncciienoBaHHbIX KieToynbix JuHUAX PITK, 3a uckmovennem kinerok muanu Panc-1. B kieTkax
suauii BxPC-3, Capan-1 u Su8686 BbisiBIeHO HanOo1ee 3HAYNTebHOE Bo3pacTtanue ypoBHs skcnpeccun MPHK ADAMS npu
runokcun (p = 0,046). C nomoibio BeCTepH-0,10T-aHAIN3A TOKA3aHO, YTO IKCIpeccus yransgeMmoii ¢hopmbl npogomeHa ADAMS
(90 kDa) ycnmBanach B HECKOJIbKO pa3 NMPH TMIOKCHHU B 5 3 8 u3yyeHHbIX KieTounbix JuHuii PIT2K. Tunokcus uaaynuposaia
noBbIlIeHne 3Kcnpeccuu octaTouHoii oopmbl ADAMS (60 kDa) B 4 u3 8 kinerounsix mmnmii PIIK: Aspc-1, Colo-357, Panc-1,
T3M4, x0T U3MeHeHUS 0KA3aJIMCh YMEPEHHO BbIPAXKEeHHBIMU. Bb1600b:: B KiieTouHbIX JTuHUAX PI2K yenoBeka oTMeyaercs yeTkas
TEH/IEHIUS K MOBBIIIEHHIO TIPH TUIIOKCHH YPOBH: 3Kkcnpeccun, Kak MPHK, Tak n 6en1ka ADAMS, 4T0 n03BoJIsIeT NPEINoI0KNTD
3aBMCHMOCTD IKCIPECCHH OT YPOBHS OKCHTe€HAIIMM U MOTeHIMAIbHYI0 pojib ADAMS B passutun u nporpeccun PILZK, KoTopbiii
OTJIMYAETCS BBICOKOIi CTeNeHbI0 BHYTPUOIYXOJ1€BOii THIIOKCHH.

Karoueenle cro6a: pak nomKerynouHoii xemne3bl, uHBazusa, ADAMS, runokcus.
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