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Large Scale Genetic Screen Identifies MAP17
as Protein Bypassing TNF-Induced Growth Arrest

M.V. Guijarro, M.E. Castro, L. Romero, V. Moneo, and A. Carnero*

Experimental Therapeutics Program, Centro Nacional de Investigaciones Oncológicas (CNIO),
Madrid, Spain

Abstract Although activated macrophages destroy cancer cells more effectively than normal cells, the ability to
escape activated macrophages is a characteristic of tumor cells. One of the mechanisms responsible for the specific killing
of tumor cells by macrophages is the production of the cytokine tumor necrosis factor (TNF) alpha. Therefore, resistance to
TNF may provide such cancer cells a selective advantage against host elimination. With the aim of identifying genes with
these properties we undertook a large scale genetic screen to identify genes able to bypass TNF-induced G1 arrest. We
identified MAP17, a small 17 kDa nonglycosylated membrane protein that localizes to the plasma membrane and the
Golgi apparatus. Ectopic expression of MAP17 in tumor cells prevents TNF-induced G1 arrest by impairing p21waf1
induction. However, expression of MAP17 does not inhibit TNF-induced apoptosis in Me180-sensitive tumor cells. The
inhibition of TNF is specific since MAP17 does not alter the response to other cytokines such as IFNg. As described in the
Xenopus oocyte system, MAP17 increases the uptake of mannose in some cells, but this effect is not responsible for TNF
bypass. We have also analyzed the expression of MAP17 mRNA in a panel of cell lines. MAP17 is expressed in 30% of cell
lines of different origin. However, MAP17 mRNA expression did not correlate with TNF resistance. Our data indicates that
although MAP17 expression might bypass TNF-induced growth arrest, it is not the only determinant of this response.
J. Cell. Biochem. 101: 112–121, 2007. � 2007 Wiley-Liss, Inc.
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Tumornecrosis factor (TNF) is one of themost
important cytokines produced by almost all
cell types of the immune system [Beutler and
Cerami, 1988; Vilcek and Lee, 1991]. TNF
mediates a wide variety of biological effects that
include activation of neutrophils andmonocytes
[Shalaby et al., 1985; Feinman et al., 1987];
mediation of the inflammatory response [Beu-
tler and Cerami, 1988], endotoxic shock [Tracey
et al., 1988], and cytostatic and/or cytotoxic
effects in tumor cells in vitro and in vivo
[Carswell et al., 1975; Sugarman et al., 1985;

Haranaka et al., 1986; Wanebo, 1989; Balkwill
et al., 1990; Hieber andHeim, 1994]. This range
of biological activities depends on the cell type,
stage of differentiation, and transformation
state. It has been estimated that 40% of tumor
cell lines are growth inhibited by TNF in vitro
[Goeddel et al., 1986], but not normal cells from
lung, colon, or fetal skin [Sugarmanetal., 1985].

A variety of cellular targets and metabolic
or molecular changes have been linked to the
cytotoxic effects of TNF, which includes DNA
fragmentation, changes in lipid metabolism,
lipid peroxidation, and increases in prostaglan-
din E production. TNF can also induce the
phosphorylation of the EGF receptor and mole-
cules such as hsp 27 and hsp 70, NFkB and the
eukaryotic initiation factor eIF 4E, activation of
phospholipases A2 and D, sphingomyelinase
and ICEprotease.OverexpressionofHsp27and
Hsp 70 proteins as well as Bcl2, E1B 19k,
cathepsin D, MnSOD or B/c-sis genes as well as
the activation of thePI3K-AKTpathwayprotect
cells against TNF-induced cytotoxicity (for
review see [Baker and Reddy, 1996; Schulze-
Osthoff et al., 1998; Ozes et al., 1999; Aggarwal,

� 2007 Wiley-Liss, Inc.

Grant sponsor: Spanish Ministry of Health; Grant number:
FIS-02/0126; Grant sponsor: Fundacion Mutua Madrileña
and Spanish Ministry of Education and Science; Grant
number: SAF2005-00944.

*Correspondence to: A. Carnero, Experimental Therapeu-
tics Program, Centro Nacional de Investigaciones Oncoló-
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2000; Burow et al., 2000; Chen and Goeddel,
2002; MacEwan, 2002]). Although TNF shows
well-documented apoptotic activity on tumor
cells, it also produces cytostatic effects on other
cell lines with concomitant G1 arrest [Jeoung
et al., 1995; Harvat and Jetten, 1996; Shiohara
et al., 1997; Merli et al., 1999]. In our previous
work we demonstrated that the cyclin D1
oncogene overrides the cytostatic effect of TNF
[Moneo et al., 2003]. However, other oncogenes
such as ras, c-myc and E1A have been shown to
induce cellular susceptibility to the cytotoxic
action of TNF [Seliger et al., 1988; Fernandez
et al., 1994; Chang et al., 1999].
In the present work we realize a genomewide

genetic screening to identify genes that bypass
TNF-induced cytostatic effects with the aim of
identifying new genes with oncogenic potential.
We found MAP17, a membrane-bound protein
whose expression selectively blocks TNF-
induced growth arrest by inhibiting p21 activa-
tion and pRB dephosphorylation.

MATERIALS AND METHODS

Cell Culture

A375malignantmelanoma cells, T47Dductal
breast carcinoma, Me180 cervix carcinoma,
HBL100 breast epithelial cells transformed
with SV40, were obtained from American Type
culture Collection (Manassa, VA). A375 and
HBL100 were maintained in Dulbecco’s mod-
ified Eagle’s (Gibco), T47D in RPMI 1640
(Sigma Chemical Co, St. Louis, MO) and
Me180 inMcCoy’s (Sigma) containing 10% fetal
bovine serum (Sigma), penicillin, streptomycin
and fungizone.
MAP17 full-length cDNA was cloned into

pBabe puro and clones generated by stable gene
transfer in A375, T47D, Me180, and HBL100.
Numerous clones were selected and tested. All
behaved similarly. For this work four represen-
tative clones were used. MAP17 full-length
cDNA was also cloned in pWZLblast fused to
GFP. To perform the gene transfer using
ecotropic competent retroviruses, A375 cells
were transfected with the murine receptor and
a mass culture expressing the receptor used for
the following experiments. When indicated,
cells were treated with purified human recom-
binant TNF (Gibco-BRL). Cultures were
selected when indicated with 75 mg/ml hygro-
mycin (Calbiochem), 400 mg/ml G418 (Gibco),

2 mg/ml Puromycin (Calbiochem) or 0.5 mg/ml of
Blasticidine (Calbiochem).

Retrovirus-Mediated Gene Transfer

Packaging LinXE cells were plated in a 10 cm
dish, incubated for 24 h and then transfected
by calcium phosphate precipitation with 20 mg
of the retroviral plasmid (16 h at 378C). After
48 h, the virus-containing medium was filtered
(0.45 mm filter, Millipore) and supplemented
with 8 mg/ml polybrene (Sigma) and an equal
volume of fresh media. Target cells were seeded
at 106 cells/10 cm dish and incubated overnight.
For infections, the culture medium was replac-
ed by the appropriate viral supernatant, the
culture plates were centrifuged (1 h, 1,500 rpm)
and incubated at 378C for 16 h. The infected cell
population was purified using the appropriate
selection.

Generation and Transduction
of the cDNA Library

mRNA was extracted from TNF-treated
human cells. Aliquots of 2 mg of total mRNA
were used for the generation of the library.
OligodTprimed cDNAwas synthesized from the
polyAþ mRNA and cloned into the EcoRI and
XhoI sites of pMARXIIpuro [Hannon et al.,
1999]. To generate the viral carriers of the
library, samples of 5� 106 LinXE ecotropic
packing cells were plated per 10 cm dish,
incubated during 24 h and transfected by
calcium phosphate precipitation using 20 mg of
retroviral plasmid. After 48 h, the virus-con-
taining medium was filtered (0.45 mm filter;
Millipore) and supplemented with 8 mg/ml
polybrene and an equal volume of fresh med-
ium. 106 A375 cells were infected with the
appropriate viral supernatant and the culture
plates were centrifuged (1 h, 1,500 rpm) and
incubated at 378C for 16 h. After 2 mg/ml
puromycin selections, the stably transfected
A375 were seeded at low density and treated
with 200 nM TNF for 15 days. Colonies form-
ed during this time were selected and grown
independently.

In Vitro Recovery of Proviruses

It was performed as previously described
in Carnero et al. [2000]. Briefly, total geno-
mic DNA was extracted from each one of the
TNF-resistant clones. To excise the proviruses,
10 mg of genomic DNA were digested with CRE
recombinase (DNAfinal concentration0.1mg/ml)
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for 3 h at 378C, extracted with phenol/chloro-
form and ethanol precipitated. DNA was
washed extensively with 70% ethanol and
dissolved in 5 ml of water. Aliquots of 2–5 mg of
total DNAwere electroporated into DH10B-lac-
trfA bacteria and proviruses recovered as a fully
functional retroviral plasmid from zeocin-resis-
tant bacterial colonies.

RT-PCR

Total RNA was purified using the TRI-
REAGENT (Molecular Research Center, Cin-
cinnati, OH). Reverse transcription was per-
formedwith 5 mg ofmRNAusingMMLV reverse
transcriptase (Promega) and oligo dT primer
according to the manufacturer’s recommenda-
tions. The following primers were used to
amplify regions: MAP17 forward 50-CAGC-
CATGTCGGCCCTCA-30 and reverse 50-TTA
TTTCACAGAAATTAGGGCC-30; b-actine: for-
ward 50-AGGCCAACCGCGAGAAGATGAC-30

and reverse 50-GAAGTCCAGGGCGACGTAG-
CA-30. cDNAwas subjected toPCRandproducts
were analyzed by 1% agarose gel electro-
phoresis.

Western Blot Analysis

Cells were washed twice with ice-cold phos-
phate-buffered saline (PBS) and lysed by soni-
cation in lysis-buffer (50 mM Tris-HCl pH 7.5,
1%NP-40, 2mMNa3VO4, 150mMNaCl, 20mM
Na4P2O7, 100 mM NaF and complete protease
inhibitor cocktail (Roche Molecular Biochem-
icals)). The protein content of the lysates was
determined by the modified method of Bradford
using bovine serum albumin (BSA) as a stan-
dard and the appropriate quantity of protein
was then dissolved in Laemmli buffer (62.5 mM
Tris-HCl pH 6.8, 10% (v/v) glycerol, 1% (w/v)
SDS, 5% (w/v) 2-mercaptoethanol, 0.0025% (w/v)
bromophenol blue (Sigma)). Samples were
separated on 7.5–15% SDS–PAGE gels, trans-
ferred onto PVDF membranes (Immobilon-P,
Millipore) and immunostained. The following
primary antibodies were used: MAb anti-p21
(Santa Cruz 397, diluted 1:500), MAb anti-pRb
phosphorylated (BD Pharmingem 554136,
diluted 1:400), MAb anti-a-tubulin (Sigma
9026 1:10,000), and horseradish peroxidase-
labeled rabbit anti-mouse (Promega diluted
1:5,000) and goat anti-rabbit (Calbiochem
401315, diluted 1:4,000) secondary antibodies.

Proteins were visualized using the ECL detec-
tion system (Amersham Biosciences, Buckin-
ghamshire, UK).

Flow-Cytometric Assay for Apoptosis

Me180 attached parental andMAP17 expres-
sing cells were trypsinized, combined with
cells floating in the media and centrifuged
(1,000 rpm, 5 min) cells pelletes were washed
with PBS 1� and then resuspended in 1�
binding buffer (BD Pharmingen; 10 mM
HEPES, pH 7.4, 140 mMNaCl, 2.5 mM CaCl2).
Cells were stained using 5 ml Annexin V (BD
Pharmingen) and 10 ml propidium iodide
(Sigma) and incubated for 15 min in the dark.
Samples were analyzed in a Beckton and
Dickinson FACScalibur.

Mannose Transport Assays

For uptake curves, 105 logarithmically grow-
ing cells were seeded in 24 well plates and
preincubated with 1 or 35 mMMannose (Sigma)
for 1 h at 378C. Then, 50 mCi/ml of D-[2-3H]
Mannose (Amersham Biosciences) was added
and incubated 4 h at 378C. After washing to
eliminate radioactivity, cells were lysed (50mM
Tris-HCl pH 7.5, 1% NP-40, 150 mMNaCl) and
prepared for counting with an aqueous scintil-
lation cocktail in Wallac 1414. For mannose
dose-response, 105 logarithmically growing
parental cells were seeded in 24 well plates
and different concentrations of D-[2-3H] Man-
nose were added. Cells were incubated 4 h at
378Cand thenprepared for counting. In the case
of TNFa dose-response, TNFa was dissolved in
media containing 100 mMMannose.

Doses-Response Treatments

Dose response to TNF (Gibco-BRL) and IFN-g
(Biosource) was generated by seeding 104 cells
in 96 well plates in triplicate samples. After
24 h, medium was changed (day 0) and the
indicated dose of the drug was added. After
4 days cells were fixed and stained with crystal
violet (Sigma). After extensive washing, crystal
violet was resolubilized in 15% acetic acid and
quantified at 595 nm as a relative measure
of cell number. Values are expressed as the
percentage of cell growth. Untreated control
cells represent 100%of cell growth. Zero percent
refers to the number of cells at day 0.
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RESULTS

MAP17 was Identified Screening for
Inhibitors of TNF-Dependent G1 Arrest

To identify new regulatory proteins with the
ability to influence tumoral outcomes we under-
took a screen to identify genes that,when expres-
sed at high levels, were capable of bypassing
TNF-induced growth arrest. To that endwe used
the A375 human melanoma cell line. In this cell
line, we previously showed that TNF induces
p21waf1 protein, which binds to CDK complexes
correlating with the inhibition of the activity of
the complexesand concomitantG1arrest [Moneo
et al., 2003]. The overexpression of cyclin D1
in A375 cells makes them insensitive to TNF
treatment with the recovery of CDK activity. We
used this cellular system to identify new genes
impinging in TNF-induced arrest.
A random cDNA library generated from total

polyAþ RNA was cloned into the MMLV-based
retroviral vector pMARXII [Hannonet al., 1999;
Carnero et al., 2000]. This library contained
�8� 106 independent clones. The cDNA library
was transfected into retrovirus packaging cells
and replication-deficient viruses were infected

into exponentially growing A375 cells. Follow-
ing selection, �105 cells/100 mm culture dish
were plated and treated with 200 nM TNFa.
After 2 weeks, colonies that had overcome TNF-
induced G1 arrest were identified and the
genomic DNA was extracted. Proviruses con-
taining the cDNA were excised from the total
genomic DNA and independent proviruses
carrying individual cDNAs were retested
through infection on A375 cells. Positive TNF
effect-bypassing genes were selected, sequenc-
ed and identified by homology with databases
(Fig. 1A).

We obtained 36TNFresistant clones carrying
cDNAswhich ectopic expression bypasses TNF-
induced growth arrest. Among the positive
clones we recovered full length cDNAS from
Pre B enhancing factor (PBEF) four times,
Casein kinase e (CK e) three times and mem-
brane associated protein 17 (MAP17, DD96)
eight times.Another 15 clones contained cDNAs
not comprising the full open reading frame
and the rest, 6 clones, were yet unidentified
sequences.

Among the genes with full ORF we selected
MAP17 because no previous relation with TNF

Fig. 1. MAP17 was identified screening for inhibitors of TNFa-
dependent G1 arrest. A: Diagram of the screening and isolation of
the protein. A375 cells were infected with a cDNA library,
selected with puromycin and treated with TNFa. Then,
individual clones were isolated and MAP17 identified.
B: Localization of MAP17. Confocal imaging of HEK293
transiently transfected with MAP17. C: Schematic representation

of the protein. MAP17 has 114 aminoacids and the structure
prediction is showed. It has a signal peptide, a transmembrane
domains and a PDZ domain. D: Possible localization of MAP17
inside the cell. Predicted disposition of MAP17 in the membrane,
with both sides of the protein localized to the cytoplasm. [Color
figure can be viewed in the online issue, which is available at
www.interscience.wiley.com.]
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was previously reported. The sequence of
MAP17 recovered from the screening included
the full ORF matching 100% with the U21049
sequence reported by Kocher et al. [1995].
MAP17 is a 17 kDa nonglycosylated membrane
protein that locates to the plasma membrane
and the Golgi apparatus ([Blasco et al., 2003]
and Fig. 1B). The protein sequence showed a
61-aminoacid hydrophilic amino-terminus cod-
ing a signal peptide, two transmembrane
regions and a hydrophobic carboxi-terminus of
13 aminoacids coding a PDZ domain (Fig. 1C).
MAP17 acts as an atypical anchoring site for
PDZK1 and interacts with the NaPi-IIa/PDZK1
protein complex in renal proximal tubular cells
[Pribanic et al., 2003]. The physiological role of
MAP17 in proximal tubules is not known but
stimulates specific Na-dependent transport of
mannose and glucose in Xenopus oocytes
[Blasco et al., 2003].

MAP17 Bypass TNF-Dependent G1 Arrest

Next, we explored the ability of the MAP17
expressing clones to bypass TNF-induced
arrest. To that end, we generated clones of

A375 melanoma cells ectopically expressing
the full cDNA driven by the LTR promoter. We
selected several clones and characterized the
MAP17 mRNA expression by RT-PCR (not
shown). Expression was confirmed by FAC scan
and by immunohistochemistry and immuno-
fluorescence (not shown).

We subjected the parental cells as well as the
clones to increasing doses of TNF. Parental cells
showed a constant decline of growth with
increasing doses of TNF (Fig. 2A). However,
all cloneswere resistant toTNF-induced growth
arrest and kept growing even at high doses of
TNF (Fig. 2A).

The effect of ectopic expression of MAP17
bypassing TNF was also observed on other cell
line such as T47D where TNF also exerts
cytostatic effects (Fig. 2A). However this effect
was not universal, since in ME180, an ovarian
carcinoma cell line where TNF induces cyto-
toxicity, MAP17 does not produce significant
effects and the protection is minimal (Fig. 2A).
Furthermore, the effect of other cytokines such
as IFNgwas not altered by ectopic expression of
MAP17 (Fig. 2B).

Fig. 2. A: MAP17 inhibits TNFa-induced growth arrest. Dose-
response effect of TNFa treatment in parental cells and MAP17
expressing clones in A375, T47D, and Me180 cells. Values are
expressed as the percentage of cell growth. Untreated control
cells represent 100% of cell growth. The data are presented as
mean from triplicate samples; bars,� SD. One representative
experiment out of three performed is shown. B: MAP17 does not
alter IFNg-induced growth arrest in A375 nor Me180. Dose-
response effects of IFNg treatment in the same cells as above.

Values are also expressed as the percentage of cell growth.
Parental A375, T47D and Me180 cells (P); MAP17 expressing
clones (A375: 11, 31, 130, 136; T47D: B, D, F; Me180: 7, 13, 14).
ANOVA test was used to compare the statistical significance of
the differences among the survival curves of parental cells versus
the clones. The study was made with the programme R 2.3.1 (R
Development Core Team [2006]). Significant codes: ‘***’ 0.001;
‘**’ 0.01; ‘*’ 0.05.
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In previous work we demonstrated that TNF
induces p21waf1 protein in malignant mela-
noma A375 cells by inhibiting the activity of
CDK2 and CDK4 complexes. This inhibition
leads to dephosphorylation of pRb and conse-
quent G1 arrest. Overexpression of cyclin D1
in these cells makes them insensitive to TNF
treatment with the recovery of CDK activity
and sustained phosphorylation of pRb even in
the presence of TNF [Moneo et al., 2003]. To
explore whether the mechanism elicited by
MAP17 to bypass TNFa-induced growth arrest
was related to p21waf1 and pRb phosphoryla-
tion, we measured the effect of TNF on these
proteins in the parental cells and in MAP17
expressing clones (Fig. 3A). As previously
described, TNF induced the increase of p21waf
in the parental cells with concomitant pRb
dephosphorylation. However, in the different
MAP17-expressing clones TNF was unable to
induce p21waf1, and consequently pRb was
maintained in a phosphorylated state, allowing
cell proliferation (Fig. 3A).
In Me180, we tested whether the MAP17

expression altered the toxicity induced by TNF.
To that end we measured apoptosis by annexin
V staining. We found that TNF induced a great
increase in apoptotic cells in Me180 (Fig. 3B),
and a similar increase was observed in MAP17-
expressing clones (Fig. 3B). Therefore, although

MAP17 expression bypasses the TNF-induced
G1 arrest, it seems not to alter TNF-induced
apoptosis.

Expression of MAP17 Increases
Mannose Uptake in Human Cells

It has been described that the microinjection
of MAP17 mRNA in Xenopus oocytes triggers
the activation of the Na/Mannose transporter,
increasing the uptake of mannose and glucose
[Blasco et al., 2003]. Increased cellular meta-
bolism and resistance to apoptosis are two
hallmarks of cell transformation [Plas and
Thompson, 2002]. Glucose uptake and increase
of glycolysis areneeded to support theATP:ADP
ratio of the transformed cells but also to support
survival [Warburg, 1931; Vander Heiden et al.,
2001; Kondoh et al., 2005]. Cellular glycolysis
can be restricted by reducing the concentration
of glucose in the medium and therefore the
glucose uptake. Severe restrictions of glycolysis
results in cell death via apoptosis [Vander
Heiden and Thompson, 1999; Vander Heiden
et al., 2000].

Since an increase in mannose/glucose can
lead to metabolic changes by increasing meta-
bolism and/or glycosilation/mannosilation of
proteins that can alter the TNF response, we
decided to explore whether mannose/glucose
uptake was responsible for TNF resistance.

Fig. 3. A: Effect of MAP17 ectopic expression in p21waf1
induction and pRb hypophosphorylation after TNFa treatment.
Parental or MAP17-expressing cells were seeded and grown until
cells reached 70% confluence (approximately). Then, cells were
treated with 100 nM TNFa and protein lysates collected after
24 h. Total protein lysates of cells treated (þ) or untreated (�)
were run in SDS–PAGE, transferred to PVDF membranes and
immunostained with anti-p21waf1, anti-a tubulin or anti-
phosphorylated retinoblastoma. Data shows that while TNFa
induces p21waf1 increase with concomitant pRb dephosphor-
ylation in parental cells, MAP17-expressing clones inhibit the

p21waf1 increase maintaining the phosphorylated status of pRb.
Parental A375 cells (P) and three representative MAP17
expressing clones (11, 31, 136) are shown. B: MAP17 does not
inhibit TNFa-induced apoptosis. Parental and MAP17-expres-
sing cells were analyzed for annexin V after 24 and 48 h treatment
with 100 nM TNFa. Two populations are separated: living cells
and annexin V positive. Percentages correspond to apoptotic
Me180 cells. Parental Me180 cell (P); MAP17 expressing clones
(9, 14, 15). [Color figure can be viewed in the online issue, which
is available at www.interscience.wiley.com.]
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Therefore, we first measured whether the
expression of MAP17 in human cells induces a
similar biological effect. To that end, we mea-
sured the uptake of mannose in cells over-

expressing MAP17. While in cell lines such as
HBL100, ectopic expression of MAP17 causes
an increase of radioactive mannose uptake, in
A375, T47D of Me180, does not (Fig. 4A). We

Fig. 4. Expression of MAP17 increases mannose uptake in
human cells. A: MAP17 increases the uptake of mannose in some
cell lines. Parental and MAP17 expressing clones of HBL100,
A375, T47D, and Me180 were exposed to D-[2-3H] Mannose for
4 h. Cells were incubated in 1 mM (&) and 35 mM (&) of mannose
to stimulate the uptake. See text for details. One representative
experiment out of three performed is shown. B: Intracellular
uptake of mannose depends on mannose levels in the media.
Dose-curve of D-[2-3H] Mannose in parental cells. The behavior

of the three cell lines is showed with a dotted line. One
representative experiment out of three performed is shown.
C: TNFa effect is independent of the uptake of mannose. Dose-
response effect of TNFa (*) or TNFa in 100 mM Mannose (&) in
parental cells. Values are expressed as the percentage of cell
growth. Untreated control cells represent 100% of cell growth.
The data are presented as the mean from triplicate samples; bars,
� SD. One representative experiment out of three performed is
shown.
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measured mannose uptake at two mannose
concentrations (1 and 35 mM) since high con-
centration of external mannose has been
reported to facilitate the uptake. In the cell line
HBL100, theMAP17 expressing clones (Fig. 4A)
shown a 2- to 5-fold increase of mannose uptake
at either 1 or 35 mMmannose over the parental
cells carrying empty vector. These results
confirm in human cells the biological activity
associated to MAP17 in Xenopus oocytes
reported by Blasco et al. [2003]. However, this
is not an universal phenomena since in other
cell lines tested (A375,T47D, orMe180),MAP17
ectopic expression does not induce mannose
uptake (Fig. 4A). It is possible that this bio-
logical activity depends upon the Na/mannose
transporter or other related proteins which are
present only in certain cell lines.
This precludes the possibility that this inter-

nal increase of mannose may be responsible for
TNFa resistance. However, to conclude this
point,we increasedmannose levels exogenously
in cells. In a dose-response curve of mannose we
observed that internal mannose increases once
the mannose reaches levels higher than 30 mM
in the medium (Fig. 4B) reaching a plateau up
to 1 mM. Then we treated TNF-sensitive cells
in the presence of 100 mM mannose. In these
conditions in whichwe increased artificially the
internal levels of mannose, we observed that

TNF sensitivity was unaltered (Fig. 4C). These
results fully confirm that the bypass of TNF
induced byMAP17 is independent of the uptake
of mannose.

Expression of MAP17 in Human Tumor
Cell Lines Does not Correlate

With Resistance to TNF

It has been described that around 40% of
tumor cell lines are sensitive to TNF [Goeddel
et al., 1986]. Therefore, we have analyzed the
presence ofMAP17 in a panel of tumor cell lines
and correlated to TNF resistance. We extracted
mRNA from exponentially growing cells and
analyzed MAP17 mRNA presence by specific
RT-PCR (Table I). Non-tumoral cells used as
control (IMR90, WI38, HaCat, and HMVEC) do
not express MAP17. Among tumoral cells, 7 out
of 28 (25%) express MAP17 mRNA. Next, we
analyzed the response of the panel of cells to
TNF treatment. We subjected all cell lines to
increasing doses of TNF, up to 400 ng/ml and
calculated the IC50 for growth inhibition in
all cell lines. Those in which IC50 was below
400 ng/ml were considered sensitive. On the
other hand, cells which did not reached IC50 at
maximumTNF concentrations were considered
resistant. We observed that the presence of
MAP17 mRNA did not correlate with TNF
resistance in all cell lines.

TABLE I. Expression of MAP17 in Human Tumor Cell Lines Does not
Correlate With Resistance to TNF

Cell line Origin TNF MAP17 mRNA

MDA-MB 468 Breast carcinoma S þ
Breast adenocarcinoma S þ

SKOV3 Ovary adenocarcinoma R þ
Hela Cervix carcinoma R þ
Du145 Prostate carcinoma R þ
LnCap Prostate carcinoma S þ
COLO205 Colon adenocarcinoma S þ
IMR90 Normal fibroblasts R �
WI38 Normal fibroblasts R �
HMVEC Humanmicrovascular endothelial cells R �
HACAT Immortal keratinocytes R �
A375 Metastatic melanoma S �
T47D Breast carcinoma S �
MCF7 Breast adenocarcinoma S �
HS578 Bst Breast carcinoma S �
BT474 Breast carcinoma S �
HTB100 Breast carcinoma R �
Me180 Cervix carcinoma S �
PC3 Prostate carcinoma R �
EM2 Leukemia S �
HL60 Leukemia S �
K562 Leukemia R �
MOLT4 Leukemia S �
RAJI Leukemia R �
U87MG Glioblastoma S �

Cell lines of different origin were subjected to RT-PCR and IC50 calculated. TNFa sensitivity (S: IC50
< 400 nM) or resistance (R) and MAP17 expression (þ) are indicated.
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Our data indicates that althoughMAP17 can
bypass the TNF effect, this is dependent on the
cell line and not a general phenomena.

DISCUSSION

Tumoral growth is the result of aderegulation
of signals that control cellular differentiation,
survival and proliferation. Tumoral growth
occurs when tissue homeostasis is disrupted
by cells that do not respond to physiological
signals. Therefore, genes capable of desensitis-
ing tumoral cells from physiological signals
may provide a selective advantage within the
tumoral mass and influence the outcome of the
disease. With the aim of identifying genes with
these properties we undertook a large scale
genetic screen to select genes able to induce a
bypass of TNFa-induced arrest. We identified
MAP17, a small membrane-associated protein
of 17 kDa. MAP17 is a 17 kDa nonglycosylated
membrane protein that locates to the plasma
membrane and the Golgi apparatus [Blasco
et al., 2003]. The protein consists of a sequence
signal peptide, two transmembrane regions and
a PDZ domain carboxi-terminus [Jaeger et al.,
2000]. The protein is conserved with high
homology in Zebrafish (not shown), with the
transmembrane domain being the more con-
served domain, underlining the importance of
membrane localization. MAP17 acts as an
atypical anchoring site for PDZK1and interacts
with the NaPi-IIa/PDZK1 protein complex in
renal proximal tubular cells [Pribanic et al.,
2003]. The physiological role of MAP17 in
proximal tubules is not known but stimulates
specific Na-dependent transport of mannose
and glucose in Xenopus oocytes [Blasco et al.,
2003] and some human cell lines (Fig. 4).

Bypass of the TNF effect elicited by ectopic
expression of MAP17 seems to be specific in two
different ways. On one hand, only TNF-induced
G1 arrest seems to be inhibited by uncoupling
p21waf1 induction. TNF-induced apoptosis
seems not to be altered. On the other hand,
arrest or toxicity induced by other cytokines
such as IFNg seems not to be altered either. At
present we do not know the mechanism respon-
sible for p21waf1 inhibition and therefore for
TNF bypass, but this mechanism is not related
to mannose uptake, so far the only known
physiological activity of MAP17.

In our screening it was our goal to identify
genes that might be involved in carcinogenesis

by contributing to the bypass of the immuno-
genic response. MAP17 has been previously
found to be associated with carcinomas [Kocher
et al., 1995]. Although MAP17 is not the sole
determinant of the TNF response (Table I), it is
tempting speculate that MAP17 might contri-
bute to the development of tumors by inactivat-
ing physiological responses to maintain tissue
homeostasis.

In summary, we have identified the Mem-
brane-Associated Protein 17, MAP17, out of
a large scale genetic screen to bypass TNF-
induced G1 arrest. MAP17 inhibits TNF-
induced growth arrest by uncoupling p21
induction and maintaining the phosphorylated
status of the pRb protein.
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