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Summary 
The ability of human serine hydrolase KIAA1363 as a chemical warfare nerve agent 
detoxifying enzyme was investigated in vivo in mice. Using an adenovirus containing the gene 
for human KIAA1363, the enzyme was expressed as a fusion protein with a hemaglutinin tag 
(Ad-KIAA1363-HA) in vitro in HEK-293A cells and in vivo in mice. Recombinant KIAA1363 
(rKIAA1363-HA) expressed in vitro in HEK-293A cells is membrane-associated with a 
molecular weight of ~50 kDa. Following intravenous injection of Ad-KIAA1363-HA into 
mice, rKIAA1363-HA expression was observed in liver and diaphragm but not in circulation 
or in any other tissues. Expression of the enzyme was first noted on day 2 post-virus injection, 
reached peak levels on day 4 and declined thereafter. Compared to the livers of control virus-
injected mice, the livers of mice injected with Ad-KIAA1363-HA contained ~25-50-folds 
higher levels of rKIAA1363-HA on day 4. Despite such high levels of rKIAA1363-HA in their 
livers, mice challenged with lethal doses of diisopropylfluorophosphate, VX or soman did not 
gain any protection relative to control animals.  These results suggest that wild-type human 
KIAA1363 is not a suitable enzyme for development as a pretreatment candidate against 
chemical warfare nerve agents.  
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I. Introduction: 
Organophosphorus (OP) compounds are 

found in a variety of forms, from insecticides 
(a lower toxicity) to highly toxic chemical 
warfare nerve agents (CWNA), present a 
serious life-threatening risk to civilians and 
soldiers (Thierman H, et al., 2010). The 
toxicity and the characteristic symptoms of 
nerve agent poisoning are attributable 
primarily due to inactivation of 
acetylcholinesterase (AChE), the enzyme 
responsible for the breakdown of the 
neurotransmitter acetylcholine, not only in 
the brain but in many other tissues such as 
lung, diaphragm and heart.  Sustained levels 
of acetylcholine at cholinergic synapses 
produce an acute cholinergic crisis 
characterized by miosis, increased 
tracheobronchial and salivary secretions, 
bronchoconstriction, bradycardia, 
fasciculation, behavioral incapacitation, 
muscular weakness, and convulsions 
culminating in death by respiratory failure. 
The current antidotal regimen for OP 
poisoning includes anticholinergic drugs 
such as atropine sulfate and diazepam to 
counteract the effects of elevated 
acetylcholine, and oximes such as 2-PAM 
chloride to reactivate acetylcholinesterase 
(AChE) (Gray A,  1984). Since these 
treatments can have undesirable side effects, 
require administration within a prescribed 
time frame for maximal efficacy and/or are 
unable to completely prevent post-exposure 
complications (Dirnhuber  P, et al., 1979), a 
pre-treatment regimen for personnel in 
potential OP exposure scenarios is highly 
desirable.  One approach for pre-treatment is 
to use bioscavengers that hydrolyze OPs 
before they reach and inhibit AChE of the 
peripheral and central nervous systems 
(Wolfe AD, et al., 1987; Doctor BP and 
Saxena A, 2005). Thus an ideal bioscavenger 
should be present in blood circulation and be 
stable for several days. Plasma-derived 
human butyrylcholinesterase (HuBChE) and 
ProtexiaTM, a recombinant HuBChE 

produced in the milk of transgenic goats, are 
promising bioscavengers (Lenz DE, et al., 
2005; Huang YJ, et al., 2007). However, 
HuBChE is a stoichiometric bioscavenger, 
thus requiring a large quantity (200 mg/70 kg 
person) of the enzyme to provide protection 
against 2xLD50 of soman (GD) (Ashani Y 
and Pistinner S, 2004). Currently, enzymes 
that can inactivate more than one OP 
molecule without being consumed in the 
inactivation process are being sought after 
(Lenz DE, et al., 2007). Human serine 
hydrolase KIAA1363, a protein in mouse 
brain that binds chlorpyrifos oxon (CPO), an 
OP pesticide compound (Nomura DK, et al., 
2005), may have the potential to function as 
a OP bioscavenger.  

Serine hydrolase KIAA1363 (also named 
neutral cholesteryl ester hydrolase 1 
[NCEH1] orarylacetamidedeacetylase-like 1 
[AADACL1]) is an acetyl monoalkylglycerol 
ether hydrolase has been reported to play a 
role in the regulation of tumor cell 
invasiveness (Jessani N, et al., 2002; Chiang 
KP, et al., 2006; Nomura DK, et al., 2010) 
and as an OP insecticide-detoxifying enzyme 
(Nomura DK, et al., 2005; Nomura DK, et al., 
2006; Nomura DK, et al., 2008). The protein 
is endoplasmic reticulum-associated, 
glycosylated and exists in two different 
forms with molecular sizes ~45 and ~50 kDa 
(Nomura DK, et al., 2005; Quiroga AD, and 
Lehner R, 2011).  KIAA1363 was identified 
as the principal enzyme capable of binding 
low levels of CPO in mouse brain (Nomura 
DK, et al., 2005), spinal cord, heart, kidney, 
lung, and testes (Nomura DK, et al., 2006). 
KIAA1363 was also reported to serve as a 
sequestration agent of several OPs including 
diisopropylfluorophosphates (DFP), 
paraoxon, 
isopropyldodecylfluorophosphonate and 
ethyloctylphosphonofluoridate (Nomura DK, 
et al., 2005). Studies using KIAA1363 
knock-out and wild-type mice revealed that 
KIAA1363 protects AChE and 
monoacylglycerol lipase from inactivation by 
CPO (Nomura DK, et al., 2006). These 
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studies suggest that KIAA1363 holds 
promise as a pre-treatment enzyme against 
OP toxicity; to date, direct demonstration of 
such an activity for KIAA1363 has been 
lacking.  

 
Here, we investigated the efficacy of 

human KIAA1363 to offer protection against 
CWNA and DFP, a simulant of OP 
compounds. We used adenovirus-mediated 
gene delivery approach to assess the 
protection offered by KIAA1363. Earlier, we 
used adenovirus-mediated gene delivery 
approach, to confirm that HuBChE and 
paraoxonase1 protected mice from 5xLD50 
doses VX and GD and 2-6 LD50 doses of 
diazoxon respectively (Duysen EG, et al., 
2011; Parikh K, et al., 2011). Here, we report 
that mice with ~25- to 50-fold elevated levels 
of recombinant KIAA1363 in their livers and 
diaphragms are not protected from lethal 
doses of DFP, VX and GD. 

  
II. Mater ials and Methods: 
A. Materials 
Nerve agents O-pinacolyl 

methyphosphonofluoridate (GD) and O-ethyl 
S-2-N,N-diisopropylaminoethyl 
methylphosphonothiolate (VX) were 
obtained from the US Army Medical 
Research Institute of Chemical Defense, 
Aberdeen Proving Ground, MD.  Sigma-
Aldrich (St. Louis, MO) was the source for 
DFP.  Other chemicals and reagents were of 
the highest purity available.  Virus-
expressing human KIAA1363 as a fusion 
protein with an influenza hemaglutinin tag 
(Ad-KIAA1363-HA) and virus expressing 
HuBChE (Ad-HuBChE) were made by 
Welgen Inc. (Worcester, MA). The viruses 
were supplied in PBS with a titer of 1!10 12

 
virus particles (VP) per mL and stored frozen 
at _ 800C. 

 
   B. Cell culture and virus infection  

HEK-293A cells were grown in 6-well 
cell culture plates in Dulbecco's modified 
Eagle medium (DMEM) supplemented with 
10% fetal bovine serum and antibiotics (1% 

penicillin and 1% streptomycin). In the dose-
response experiment, one million cells were 
infected with Ad-KIAA1363-HA at 0 to 20 
VP/cell in 500 "l of DMEM containing 2% 
FBS for 2 hrs at 370C. DMEM containing 10% 
FBS was then added to bring the culture 
medium volume to 2 mL and the cultures 
were returned to the cell culture incubator. 
After 48 h, the medium was discarded and 
cells were lysed by addition of 300 "l 1X 
sodium dodecyl sulfate (SDS) gel loading 
buffer containing 5% #-mercaptoethanol and 
incubating the samples at 95°C for 10 min. A 
20 "l aliquot of this extract was used for 
rKIAA1363-HA levels by SDS-
polyacrylamide gel electrophoresis (SDS-
PAGE) and Western blotting using anti-HA 
tag antibodies. 

 In the membrane-association experiment, 
HEK-293A cells were infected with Ad-
KIAA1363-HA at 20 VP/cell for 48 h as 
described above. Cells were processed for 
isolating cytoplasmic and membrane 
fractions using Mem-Per membrane protein 
extraction reagent (Pierce chemical Co., 
Indianapolis, IN) using the manufacturer’s 
protocol. Subsequently, the membrane 
fraction was extracted with 25 mM Tri-HCl 
pH 7.4 containing 5 mM 3-[(3-
cholamidopropyl)dimethylammonio]-1-
propanesulfonate (CHAPS) for 30 min at 
room temperature to collect membrane-
soluble and membrane-insoluble fractions by 
centrifugation of the extract for 15 min at 
20,000xg at 40C. A 30 "l aliquot of these  
extracts was assayed for rKIAA1363-HA by 
Western blotting using anti-HA tag 
antibodies.   

 

C. SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and 
Western blotting  
SDS-PAGE was carried out with precast 

10% Tris-HCl gels (Bio-Rad Inc., Hercules, 
CA).  After electrophoresis, the proteins were 
transferred into PVDF membrane (GE 
Healthcare, Piscataway, NJ) using a Bio-Rad 
transfer apparatus.  The membrane was 
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blocked in TTBS containing 4% powdered 
milk for 1 h, washed once with TTBS buffer 
and kept overnight at 4oC in primary 
antibody made in 0.5% milk powder 
containing 0.01% sodium azide. The primary 
antibody used was rabbit-anti-HA polyclonal 
antibody (1:1000 dilution). The membrane 
was then washed with TTBS 5 times with 
intermittent shaking for 8 min and incubated 
with a secondary antibody made in 0.5% 
milk powder for 1 h.  The secondary 
antibody used was goat-anti-rabbit 
conjugated with horseradish peroxidase (KPL 
Inc., Rockville, MD; 1:2500 dilution).  The 
membrane was washed again as described 
above, the protein bands were detected using 
ECL-Plus Western blot detecting reagent 
(GE Healthcare, Piscataway, NJ), and the 
chemiluminescence was measured with a 
Bio-Rad image reader. 

  D. Animal experiments  
For these studies, adult female Swiss 

Webster mice (6-7 weeks old; 20–25 gm 
body weight) were housed at 22°C and were 
provided food and water ad libitum. In dose 
response experiments, mice (n=2 per high or 
low dose) were administered Ad-null or Ad-
KIAA1363-HA (low dose, 0.5!10 11 or high 
dose, 2.0!10 11 viral particles per animal) 
intravenously through the tail vein. The 
animals were euthanized on day 4, and 
rKIAA1363-HA expression was determined 
by SDS-PAGE followed by Western blotting 
using anti-HA antibodies.  In time course 
expression studies, a set of 10 mice was 
administered with Ad-KIAA1363-HA 
(2.0!10 11 VP per animal) intravenously 
through the tail vein, and two animals were 
euthanized on days 2, 4, 6, 8 and 10 after 
virus administrations to collect plasma, liver, 
diaphragm, brain, lungs, kidney, spleen and 
heart samples. A single time point of 4 days 
post-administration of the virus was used for 
animals injected with Ad-Null virus 
(2.0!10 11 VP per animal).  Tissues were 
removed after collecting blood in heparin 
followed by saline perfusion. 

 

E. Expression of rKIAA1363-HA in 
tissues  
A  10% homogenate of tissues was made 

in T-Per tissue protein isolation buffer 
(Pierce Chemical Co., Rockford, IL) 
containing protease inhibitor cocktail 
(Sigma-Aldrich, St.  Louis, MO).  Total 
protein was measured using the Bio-Rad DC 
protein assay kit, and an equal amount of 
total protein was used for Western blotting.    

   
F. Expression of KIAA1363 in the 
plasma of mice injected with Ad-
KIAA 1363-HA 

Fifteen microliters of plasma was 
collected on day 4 after virus administration 
and was diluted with 500 "l of 20 mM Tris-
HCl buffer (pH 7.5) containing 0.1M NaCl 
and 0.1mM EDTA. Then the solution was 
mixed with EZ view red HA-affinity beads 
(100 "l, Sigma -Aldrich, St.  Louis, MO) 
and kept for 1 h at 22oC with gentle mixing.  
The beads were collected by centrifugation 
at 2500!g for 2 minutes and washed thrice 
with the above buffer.  The beads were 
extracted with SDS gel loading buffer 
containing 5% #-mercaptoethanol by 
incubating at 95°C for 10 minutes and the 
samples were subjected to SDS-PAGE and 
Western blotting using antibodies to HA-tag. 

    
 G. BChE activity assay 

 Mouse plasma or tissue samples were 
tested for BChE activity with 1mM 
butyrylthiocholine and 0.5mM DTNB in 
100mM potassium phosphate buffer pH 7.0, 
at 25˚C. Formation of the product was 
followed by monitoring the increase in 
absorbance of 5-thio-2-nitrobenzoic acid at 
412 nm using a molar extinction coefficient 
of 13,600 M-1  (Ellman GL, et al., 1961)   
Activity was reported as U/mL, where 1 U 
represents 1 "mole of butyrylthiocholine 
hydrolyzed per min. 
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H. Challenge of mice with OPs  

Mice (n=4 to 6 per group) were given 
Ad-KIAA1363-HA, Ad-null (negative 
control), or Ad-HuBChE (positive 
control) (2.0!10 11 VP per animal) 
intravenously through the tail vein. On 
day 4, animals were challenged with DFP 
(intraperitoneally, 6 mg/Kg, 1xLD50 dose; 
orally, 45 mg/Kg, 1.5xLD50 dose) or VX 
(subcutaneously, 11 "g/kg, 1xLD 50) or 
GD (subcutaneously, 110 "g/kg, 1xLD 50), 
and 24 hr survival was monitored. The 
BChE group of animals in the GD study 
(n=4) received four sequential 1xLD50 
doses of GD administered 1 h apart.  All 
animals in the VX study (n=6) were 
challenged with two sequential 1xLD50 
doses of VX given 1 h apart.   
 
III. Results and Discussion 

A. Characterization of Ad-
KIAA1363-HA 

Ad-KIAA1363-HA was tested for its 
ability to express rKIAA1363-HA in vitro 
in mammalian cells. 293A cells were 
infected with an increasing number of viral 
particles (0-20 VP/cell) for 48 h and whole 
cell extracts were analyzed for 
rKIAA1363-HA levels by Western blotting 
using an anti-HA antibody. As shown in 
Figure 1, expression of rKIAA1363 (~45-
50 kDa, marked by an arrow) was not 
detected in uninfected cells (0 VP/cell) but 
was detected in increasing amounts in 
proportion to the virus dose (1 to 20 
VP/cell). KIAA1363-HA protein was not 
detected in the cell culture medium (data 
not shown). These results suggest that Ad-
KIAA1363-HA transduced the expression 
of KIAA1363-HA and the enzyme is 
mostly retained within the cells. 

 
Figure 1:  Dose response of Ad-KIAA1363-

HA expression in HEK-293A cells.  Cells 
(1!10 6) were infected with the virus for 48 h 
and lysed using 300 "l of SDS -PAGE sample 
buffer containing 5% #-mercaptoethanol. An 
equal amount of the extract (30 "l) was 
analyzed for rKIAA1363 levels by Western 
blotting using anti-HA antibody. Arrow points 
to ~ 45-50 kDa rKIAA1363-HA fusion protein.  
 

B. Solubilization of membrane-
bound rKIAA1363 -HA  

Since native human KIAA1363 was 
known to be membrane-associated, we 
tested whether a commonly used non-ionic 
detergent such as CHAPS could solubilize 
the membrane-bound rKIAA1363-HA. The 
experiment was performed under 
conditions such that the percent amount of 
enzyme solubilized by the CHAPS could 
be quantified. KIAA1363-HA levels in 
cells lysed with the SDS-PAGE sample 
buffer was considered as the total amount 
of the enzyme expressed by the virus 48 
hours after infection (Figure 2, lane 
marked Whole cell-extract). Using M-per 
extraction reagent, cell lysate was 
fractionated into membrane fraction and 
cytoplasmic fractions and were assayed for 
rKIAA1363-HA levels.  

 
Figure 2:  Membrane association of 

KIAA1363. Duplicate wells of 293A cells 
were  mixed with Ad-KIAA1363 at 20 VP/cell 
for 48 h. Cells in one of the wells were lysed 
directly with SDS-PAGE sample buffer 
containing 5% #-mercaptoethanol to determine 
the expression levels of rKIAA1363 as 
described in the Figure 1 legend  (whole cell 
extract). The cells in the second well were 
separated into membrane and cytosolic 
fractions using Mem-PER reagent as described 
under Materials and Methods. Samples were 
processed by SDS-PAGE followed by Western 
blotting using anti-HA tag antibody. Arrow 
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points to ~ 45-50 kDa rKIAA1363.  
As shown in Figure 2, the 

membrane-bound fraction contained >90% 
(lane marked membrane-bound fraction) of 
the enzyme compared to the cytoplasmic 
fraction (lane marked cytoplasmic fraction) 
suggesting that most of virus-expressed 
rKIAA1363-HA is associated with the 
membranes. Next, we tested whether the 
membrane-bound KIAA1363 could be 
solubilized using 5mM CHAPS. Extraction 
of membrane-bound fraction with 5mM 
CHAPS resulted in the solubilization of 
only 10 to 15% of the membrane-bound 
enzyme (lane marked CHAPS extract). 
These results suggest that most of virus-
produced rKIAA1363-HA is tightly-
associated with the cell and nuclear 
membranes and that a cocktail of 
detergents may be required to fully 
solubilize the enzyme from the cell and 
nuclear membranes. 

 
 
C. In vivo expression of 

rKIAA1363  
Ad-KIAA1363 was tested for its 

ability to express rKIAA1363 in vivo in 
mice.   

 
 
Figure 3:Dose response of 

rKIAA1363-HA expression in the liver and 
diaphragm of mice.   Animals (n = 2 per group) 
were given a single intravenous injection of 
Ad-null (2!10 11 VP/mouse) or Ad-KIAA1363-
HA (0.5!10 11 or 2!10 11 VP/mouse) and 
euthanized on day 4 after virus injection. 
Twenty micrograms of total protein from each 
tissue was used to determine the rKIAA1363-
HA expression levels by SDS-PAGE and 

Western blotting using anti-HA tag antibody. 
Arrows point to 45-50 kDa rKIAA1363-HA. 

 
Figure 3 shows the dose response 

on the expression of rKIAA1363-HA in the 
liver and diaphragm of two individual mice 
on day 4 following intravenous 
administration of the virus. The results 
show that the livers and diaphragms of 
mice injected with 2!10 11 VP contained 
much higher levels of the enzyme (Figure 
3, marked by an arrow) than the tissues 
from mice injected with 0.5!10 11 VP. 
Liver and diaphragm from control virus 
injected mice (lane marked Ad-null) did 
not contain any anti-HA antibody reactive 
protein. These data suggest that Ad-
KIAA1363 transduced the expression of 
full-length rKIAA1363-HA in vivo in mice. 
Expression of the enzyme was higher in 
liver compared to diaphragm. No 
detectable amount of KIAA1363 was 
present in any other tissues such as brain, 
heart, kidney, lung, and spleen (data not 
shown). 
 We determined whether virus-
produced rKIAA1363-HA is also exported 
into mouse plasma. We tested the plasma 
from two mice injected with 2!10 11 
VP/mouse 4 days after virus injection. Two 
mice injected with Ad-null virus were used 
as controls. First, 2 "l of plasma was 
directly assayed for the rKIAA1363-HA 
and none was detected (data not shown). 
We then increased to 15 "l of plasma, 
partially purified the samples by HA-
affinity chromatography as described in 
Materials and Methods, and tested them for 
the presence of rKIAA-1363-HA by 
Western blotting. As shown in Figure 4, 
plasma samples from Ad-null injected 
mice (lanes 1 and 2) and Ad-KIAA1363-
HA injected mice (lanes 3 and 4) did not 
show the presence of rKIAA1363-HA 
protein. HEK-293A cell extract containing 
rKIAA1363-HA was used as positive 
control for the entire procedure (lane 5).  
These results suggest that the virus-
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produced rKIAA1363-HA is not exported 
into the circulation and almost exclusively 
retained in liver and diaphragm. 
 

 
Figure 4: Lack of rKIAA1363-HA expression 
in the plasma of mice injected with Ad-
KIAA1363.  Fifteen microliters of plasma from 
mice injected with Ad-control or Ad-
KIAA1363 (2x1011 VP/mouse) on day 4 were 
subjected to HA-affinity chromatography as 
described in Materials and Methods, and 
samples were tested for rKIAA1363-HA levels 
by Western blotting using anti-HA tag 
antibody.  Lane 1, plasma from mouse 1 
injected with Ad-control; lane 2, plasma from 
mouse 2 injected with Ad-control; lane 3, 
plasma from mouse 2 injected with Ad-
KIAA1363-HA; lane 4, plasma from mouse 2 
injected Ad-KIAA1363-HA; and lane 5, 
positive control sample of rKIAA1363 
expressed in 293A cells. Arrow points to 
rKIAA1363-HA. 
 

D. Time course of KIAA1363 
expression in vivo in mice 

Since 2x1011 VP/mouse induced 
higher levels of enzyme expression in mice, 
this dose was used to determine the time 
course of expression of rKIAA1363-HA in 
the liver and diaphragm over a 10-day 
period. Two mice were euthanized on days 
2, 4, 6, 8, and 10 following virus injection 
and livers and diaphragms were assayed 
for rKIAA1363-HA levels by Western 
blotting. Figure 5 depicts expression of 
rKIAA1363-HA in these tissues at each 
time point. Enzyme expression was readily 
detectable on day 2, reached peak levels on 
day 4, and decreased rather precipitously 
thereafter.  We estimate that the 
overexpression achieved on day 4 in the 

livers of Ad-KIAA1363 injected mice 
compared to the livers of Ad-null injected 
mice was ~25-50-folds higher.  No gross 
toxicity at these levels of expression was 
noted in mice over the 10-day period. 

 
 

Figure 5:  Time course expression of 
rKIAA1363-HA in the liver and diaphragm of 
mice.   Animals were given a single 
intravenous injection of Ad-null (n=2) or Ad-
KIAA1363-HA (n=2 per time point) (2!10 11 
VP/mouse). Animals given Ad-null were 
euthanized on day 4, and animals given Ad-
KIAA1363-HA were euthanized on days 2, 4, 
6, 8 and 10 after virus injection.  Twenty 
micrograms of total protein in liver and 
diaphragm was used to determine the 
rKIAA1363-HA expression levels by SDS-
PAGE and Western blotting using anti-HA tag 
antibody. Arrows point to 45 kDa-50 kDa 
rKIAA1363-HA. 
 

E. Ability of KIAA1363 -HA to 
offer protection against DFP 

The effect of overexpression of 
human KIAA1363 on the toxicity of orally 
or intraperitoneally administered DFP was 
evaluated in mice. Groups of mice (n=6) 
received Ad-null virus or Ad-KIAA1363 
virus (2!10 11 VP/mouse) and four days 
later they were challenged with a 1.5 x 
LD50 dose (45 mg/kg orally) of DFP.  DFP 
was equally toxic to animals injected with 
Ad-null and Ad-KIAA1363 viruses (Table 
1).  Both groups of mice died 5 to 15 min 
after toxicant administration. Similar 
results were observed in mice challenged 
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with DFP injected intraperitoneally (data 
not shown). These results suggest that mice 
with elevated levels of KIAA1363-HA in 
their liver and diaphragm did not get 
protection against DFP toxicity. 

 

 
 

Table 1: Mice with elevated tissue levels of 
rKIAA1363-HA did not get protection against 
DFP: Mice injected with Ad-null and Ad-
KIAA1363-HA and 4 days later the animals 
were given 1.5xLD50 of DFP orally and time 
until death was recorded (time until death ± 
SD). 

 
F. Abil ity of KIAA1363 -HA to 

afford protection against the 
toxicity of VX and GD 

Next, we determined whether 
overexpression of KIAA1363-HA offers 
24 hr survival protection against VX and 
GD toxicity in mice. The animals received 
Ad-null, Ad-KIAA1363-HA, or Ad-
HuBChE (2!10 11 viral particles per animal) 
and four days later they were challenged 
with VX (11 "g/kg) or GD (110 " g/kg) 
given subcutaneously.  If animals have 
survived the first dose of VX or GD, they 
were challenged again with the same dose 
of the agent 1 hr later. Animals injected 
with HuBChE expressing virus were used 
as positive controls. Both VX and GD were 
equally toxic to Ad-null or Ad-KIAA1363-
HA groups (Tables 2 and 3, respectively), 
suggesting that KIAA1363 overexpression 
failed to offer protection against CWNA as 
observed above for DFP.  Time until death 
for VX exposed animals in the control 
group and Ad-KIAA1363-HA group is not 
different (11 ± 4 vs 13 ± 7 min) (Table 2). 

Similarly, time until death for the GD 
challenged animals for the control group (3 
± 2 min) is not different from that of the 
Ad-KIAA1363 group (6 ± 5 min) (Table 
3). In contrast, animals that received the 
virus expressing HuBChE survived two 
sequential LD50 doses of VX and four 
sequential LD50 doses of GD and showed 
no symptoms of CWNA exposure for the 
24-h observation period.  Blood BChE 
activity in Ad-HuBChE virus injected 
animals prior to the nerve agent challenge 
was 962±114 U per ml (VX group) and 
984± 124 U/ml (GD group).  

The overexpression of human 
KIAA1363 achieved in mice was as high 
as ~25- to 50-fold at peak levels of 
expression on day 4 in liver and diaphragm.  
Despite these high levels of expression, 
mice challenged with toxic doses of DFP, 
VX and GD were not protected.  Time 
until death after OP administration was not 
different between the control virus injected 
animals and KIAA1363 virus injected 
animals. Our end point/requirement for a 
functioning catalytic bioscavenger was that 
it offers 24 hr symptom-free protection 
against a single or a cumulative minimum 
dose of 2 x LD50 or higher dose of the 
nerve agent. Potential explanations for 
failure of wild-type human KIAA1663 to 
offer protection against OP compounds 
include 1) membrane-association property 
of this enzyme, thereby its inability to bind 
and inactivate OP compounds in 
circulation, 2) the catalytic activity of the 
enzyme against the OP compounds may be 
insufficient that the enzyme can lower the 
blood levels of the OP compound below 
the toxic levels, and 3) the enzyme may 
preferentially bind to the less toxic P (+) 
isomer than the more toxic P (-) isomer.  
Making KIAA1363 as a soluble enzyme 
and determining its stereochemical 
preference and catalytic efficiency against 
nerve agents would help to understand for 
its failure to afford protection against DFP, 
VX and GD in vivo.  

 
 

Type of 
Virus  

Time of 
DFP 

injection 

Mean time 
until death 
(min) 

6 Ad-null  8:58 Ð 9:01 8 ± 3.2 
6 Ad-

KIAA 1363 
9:32 Ð 9:36 11 ± 4.5 



Gene Therapy and Molecular Biology Vol 16, page 157 
 

 157 

 

 
 
 
Table 2: Mice with elevated tissue levels of rKIAA1363-HA did not get protection against VX: Mice 
injected with Ad-null, Ad-KIAA1363-HA, Ad-HuBChE and 4 days later the animals were challenged 
with VX (11 "g/Kg body weight) and time until death was recorded (time until death ± SD).. Ad-
BChE group survived both VX challenges whereas the control virus and Ad-KIAA1363 groups of 
mice died due to exposure to VX. 
 
 
 
 

 
 
 

 
 

 
Table 3: Mice with elevated tissue levels of rKIAA1363-HA did not get protection against GD: Mice 
injected with Ad-null, Ad-KIAA1363-HA, Ad-HuBChE and 4 days later the animals were challenged 
with GD (110 µg/Kg body weight, s.c.) and time until death was recorded (time until death ± SD). 
Ad-BChE group survived 4 GD challenges whereas the control virus and Ad-KIAA1363 groups of 
mice died due to exposure to GD. 
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