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a b s t r a c t

Nox4, a member of Nox family of NADPH oxidase expressed in nonphagocytic cells, is a major source of
reactive oxygen species in many cell types. But understanding of the role of Nox4 in the production of
ROS and of regulation mechanism of oxidase activity is largely unknown. This study reports for the first
time the generation and characterization of 5 mAbs against a recombinant Nox4 protein (AA: 206e578).
Among 5 novel mAbs, 3 mAbs (8E9, 5F9, 6B11) specifically recognized Nox4 protein in HEK293 trans-
fected cells or human kidney cortex by western blot analysis; mAb 8E9 reacted with intact tet-induced T-
REx� Nox4 cells in FACS studies. The other 2 mAbs 10B4 and 7C9 were shown to have a very weak
reactivity after purification. Immunofluorescence confocal microscopy showed that Nox4 localized not
only in the perinuclear and endoplasmic reticulum regions but also at the plasma membrane of the cells
which was further confirmed by TIRF-microscopy. Epitope determination showed that mAb 8E9 recog-
nizes a region on the last extracellular loop of Nox4, while mAbs 6B11 and 5F9 are directed to its cytosolic
tail. Contrary to mAb 6B11, mAb 5F9 failed to detect Nox4 at the plasma membrane. Cell-free oxidase
assays demonstrated a moderate but significant inhibition of constitutive Nox4 activity by mAbs 5F9 and
6B11. In conclusion, 5 mAbs raised against Nox4 were generated for the first time. 3 of them will provide
powerful tools for a structure/function relationship of Nox4 and for physiopathological investigations in
humans.

� 2010 Elsevier Masson SAS. All rights reserved.

1. Introduction

NADPH oxidase, Nox4, belongs to the Nox family which could
generate reactive oxygen species (ROS) by transferring an electron
to molecular oxygen. All these members contain six putative
transmembrane helices, conserved binding sites for FAD and

NADPH, and four heme-binding histidines in the third and fifth
transmembrane domain [1]. Nox2 is the prototype of the Nox
family [2]: it is essentially present in phagocytes and a well studied
characterized source for ROS production. By interacting with
the membrane-bound p22phox, it becomes the heterodimer fla-
vocytochrome b558. This core unit assembles with various cytosolic
regulating and activating factors p47phox, p67phox, p40phox, and
Rac 1/2 being recruited upon activation, at the membrane level
from cytosol [3e5].

Nox4 is a ubiquitous protein with 39% identity to Nox2 [6e8].
Although originally identified and highly expressed in the kidney,
Nox4 mRNA was also reported in many human and murine tissues
[6,8,9]. Nox4 is a p22phox-dependent enzyme which co-immuno-
precipates with p22phox, and stabilizes the p22phox protein [10];
Contrary to Nox2, the activity of Nox4, is constitutive: it is active
without the need for cell stimulation [6,7,11,12] and does not
require the assembly of cytosolic factors. P22phox is the only
component necessary for its activity. Recently, Poldip2 (polymerase
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DNA-directed delta-interacting protein 2) was introduced as
a novel Nox4/p22phox-interacting protein: it is a potent positive
regulator of Nox4 activity in VSMC [13].

Despite its ubiquitous expression and activity, the primary
function of Nox4 derived ROS is not clear. It has been proposed to
have a role in oxygen sensing, growth, senescence and differenti-
ation [14]. The abnormal expression and activation of Nox4 may
induce tumorigenesis, tumor angiogenesis [15], and be related with
the occurrence and development of other diseases, such as hyper-
tension [16,17], atherosclerosis [18], fibrosis [19] and osteoarthritis
[20]. Although the reasons for these differences are not quite clear,
an important clue to the biological function of Nox4 links to its
subcellular localization [21]. Localization studies of Nox4 remain
controversial. Nox4 was shown primarily to be located in peri-
nuclear and endoplasmic reticulum regions of COS7, HEK293 and
endothelial cells [11], but it was also detected at the plasma
membrane [22], focal adhesion and within the nucleus [8]. It may
not be surprising that the same protein displays distinct localiza-
tion in different cell types. However, different Nox4 localizationwas
also reported in human vascular endothelial cells [21,23]. It will be
interesting to know whether these different localizations could be
due to the specificity between different Nox4 antibodies used. It
may also come from the different physiological and pathological
state of cells, as different intracellular localization of Nox4 was
reported in normal and pathological human thyroid tissues [24].

Although the knowledge of gene expression and Nox4 associa-
tion with pathologies is rapidly growing, understanding of the role
of Nox4 in the production of reactive oxygen species and of regu-
lation mechanism of oxidase activity has been hindered by the lack
of specific monoclonal antibodies which are also essential tools to
provide direct evidence to topology models and to identify struc-
tural features of heterodimer with p22phox.

In this present study, we report for the first time the generation
and characterization of 5 novel monoclonal antibodies raised
against a truncated recombinant protein (residues 206e578) of
Nox4, whichwere then used to clarify the subcellular localization of
Nox4 in human embryonic kidney cell lines. These Nox4-reactive
mAbs were epitope mapped by phage-display analysis or by
immunodetection of recombinant Nox4 truncated constructions
and were examined for effects on Nox4 oxidase activity. Due to
their respective properties, these mAbs reported in this study will
be valuable in characterizing the regulation of Nox4 activity, the
subcellular localization/function relationship of Nox4, therefore to
provide new drug targets for the effective prevention of diseases
related to ROS.

2. Materials and methods

2.1. Materials

DMEM, fetal bovine serum, neomycin (G418, geneticin) were
purchased from GIBCO; Alexa Fluor 488 F(ab0) fragment of goat
anti-mouse IgG(H þ L) was purchased from Invitrogen; ECL
Western Blotting Detection reagents were purchased from Amer-
sham Biosciences; complete mini EDTA-free protease inhibitor
EASYpack, Atto-565-concanavalin A, Na4P2O7, Na3VO4, PMSF,
luminol, isoluminol, Triton X-100, Chaps, Isopropyl b-D-1-thio-
galactopyranoside(IPTG) and monoclonal antibody anti-poly-
Histidine-peroxidase were purchased from SIGMA; okadaic acid,
leupeptin, pepstatin, trypsin inhibitor, TLCK, and protein G Agarose
were purchased from Roche; Hoechst 33258 was purchased from
Molecular Probes; DFP was purchased from Acros Organics; GFP
mAb and isotype antibodies were purchased from Santa Cruz; Lab-
Tek II chamber slide and Lab-Tek chambered coverglass were
purchased from Thermo; Goat anti-Mouse IgG-HRP was purchased

from GE healthcare; HiPerFect Transfection Reagent was purchased
from QIAGEN; HEK293 T-REx� Nox4 cells, siRNA a and c were
generous gifts from PATIM laboratory, Pr KH. Krause, Geneve
university, Switzerland; pET15b ΔT/Stop ZEBRA/MD4-eGFP plasmid
was obtained from TheREx laboratory, Pr JL. Lenormand (TIMC-
Imag, UMR-CNRS 5525, Grenoble, France).

2.2. Cell culture

All cells were cultured in DMEM containing 4.5 g/L glucose and
0.11 g/L sodium pyruvate, supplemented with 10% (v/v) fetal bovine
serum and 100 units/ml penicillin and 100 mg/ml streptomycin and
2 mM glutamine at 37 �C in air with 5% CO2. Selecting antibiotics,
blasticidin (5 mg/ml) and neomycin (400 mg/ml) were used with
HEK293 T-REx� Nox4 cells, while neomycin (500 mg/ml) was used
with HEK293 Nox4GFP cells.

2.3. Generation of plasmids for the expression of recombinant
Nox4 proteins

2.3.1. Truncated Nox4 proteins coupled with a His-tag
at the N terminus

pET30b plasmid (Novagen) was used to express NHS-Nox4-1TM
protein corresponding to the amino acid 206e578 of Nox4. PCR
fragments corresponding to the Nox4 (206e578)-truncated form
were obtained by using pEF/Nox4 plasmid as a matrix with the
forward primer 50-GGA ATT CTC CAT GGT CTT GCA TGT TTC AGG
AGG GCT GC-30including a NcoI site (underlined) and the reverse
primer 50-GCG TTA CTC GAG TCA GCT GAA AGA CTC TTT ATT GTA
TTC-30. The XhoI restriction site of the reverse primers is under-
lined. The purified PCR product was digested with NcoI and XhoI
and ligated into linearized pET30b plasmid to obtain a plasmid
encoding for NHS-Nox4-1TM protein. PCR fragments correspond-
ing to the other various Nox4 truncated forms 1e10 (Table S1) were
obtained by using pET30b Nox4-1TM as amatrix with each forward
primers and reverse primers (Table S1) including a NcoI and XhoI
restriction site (underlined). The purified PCR products were
digested with NcoI and XhoI and ligated into linearized pET30b
plasmid to obtain plasmids encoding for various Nox4 truncated
forms (Table S1).

2.3.2. Truncated Nox4 proteins coupled with a His-tag
at the C-terminus

pIVEX2.3MCS plasmid (Roche) was used to express Nox4-1TM-
CH (AA: 206e578) and Nox4qc-CH (AA: 309e578). PCR fragments
corresponding to the Nox4 (206e578) or (309e578)-truncated
forms were obtained by using pEF/Nox4 plasmid as a matrix with
the forward primer 50-GGA TGA GCG GCC GCG CCT TGC ATG TTT
CAG GAG GGC TGC-30 for Nox4 (206e578) or with the forward
primer 50-GGA TGA GCG GCC GCC CAG TCA CCA TCA TTT CGG TC-30

for Nox4 (309e578) including a NotI site (underlined) and the
reverse primer 50-GCG TTA CTC GAG TTG CTGAAAGAC TCT TTA TTG
TAT TC-30. The XhoI restriction site of the reverse primers is
underlined. The purified PCR product was digested with NotI and
XhoI and ligated into linearized pIVEX2.3MCS plasmid.

2.4. Nox4 truncated proteins produced by in vitro translation
(RTS, rapid translation system)

Expression for each protein was performed using the RTS�
HY100 (Roche Applied Science) according to the manufacturer’s
instructions. 5 ml of the reaction was used for western blot exper-
iments [25,26].
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