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Abstract Autism is a multi-factorial neurodevelopmental
disorder. We have investigated the molecular mechanism
involved in a Chinese family with autism by a proteomic
approach. Antibody chips containing 500 spots of human
protein antibodies were used to screen for differentially

expressed proteins in the peripheral B lymphocytes be-
tween autistic and non-autistic siblings in this family. Four
proteins relevant to immuno-pathway, including IKKα that
was up-regulated and Tyk2, EIF4G1 and PRKCI that were
down-regulated, were identified differentially expressed in
autistic versus non-autistic siblings. Western blot analysis
and reverse transcription quantitative polymerase chain
reaction validated the differential expression of these four
proteins. Based on the function of these differentially
expressed proteins, relevant studies on immunoglobulin E
(IgE) level, nuclear factor kappa B signaling activation and
cell cycle were conducted in both autistic and non-autistic
children of this family. Considering the fact that the family
members were in close contact with natural rubber latex
(NRL) and that IgE-mediated cross-reactions could be
triggered by Hevea brasiliensis (Hev-b) proteins in NRL,
we hypothesize that immune reactions triggered by close
contact with NRL might influence the functions of B
lymphocytes by altering expression of certain proteins
identified in our experiments thus contributing to the
occurrence of autism.
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Introduction

Autism is a neurodevelopmental disorder characterized
by impairments in social interaction and communication
as well as by stereotypic or repetitive behaviors. These
features usually appear before 3 years of age and are
accompanied by mental retardation, epilepsy, or hyper-
activity (Bailey et al. 1996; Risch et al. 1999). The
etiology of autism is not clear; however, the pathogenesis
involves both genetic and environmental factors. Chro-
mosomal and/or genetic abnormalities can affect gene
transcription and translation; however, the ultimate
changes occur in specific protein expression, distribution,
and activity. Mutation of specific genes, including neuro-
ligins or Shank3 (Chih et al. 2004; Moessner et al. 2007),
has been determined to result in autistic spectrum
disorders. Immunological factors such as the increased
activities of immunoglobins (Ig), in addition to the
function of B lymphocytes that produce Ig, were also
considered as a trigger for autism. For example, vaccina-
tion or related to immune disease may associate with
autism (Parker et al. 2005; Ashwood and Van de Water
2004). Exposure to allergens can result in allergic
reactions and in allergic and/or autoimmune disease
(Astrakhan et al. 2007; Valenta et al. 2009; Lindelöf et
al. 2009). It has been reported that the mean probability of
autoimmune disorders is greater in families with autism
(Comi et al. 1999; Mouridsen et al. 2007; Atladóttir et al.
2009). Autistic children could show abnormal immune
responses and have elevated serum immunoglobulin E
(IgE) and/or other Ig abnormalities (Magalhães et al.
2009; Bakkaloglu et al. 2008; Cohly and Panja 2005;
Molloy et al. 2006; Singer et al. 2006; Enstrom et al.
2009), which may provide a clue for treatment (Careaga
et al. 2010). Hevea brasiliensis (Hev-b) proteins in
natural rubber latex (NRL), the key material used in
natural rubber production and processing, are considered
allergenic according to studies of a variety of autoimmune
diseases and lead to elevated IgE secretion. Dochniak
(Dochniak 2007) hypothesized that exposure to Hev-b
proteins in NRL can lead to autism, depending on the timing,
frequency, intensity, and type of exposure. Hev-b proteins
may trigger IgE-mediated reactions and influence immune
responses to other exogenous/endogenous proteins, which
may lead to autism (Dochniak 2007).

Recently we have identified an autistic family (Fig. 1a)
that has three autistic children, in addition to three normal
children, with DSM-IV criteria. Three autistic children had
serious language difficulties, social interaction impairments,
obvious attention disorder, and moderate intellectual dis-
abilities. We noticed that the family members were in close
contact with NRL, due to the fact that the family owned a
natural rubber production company, especially the mother

during her pre-pregnancy, pregnancy, and postnatal periods.
Therefore, this pilot study was designed, with a proteomic
approach, to investigate whether close contact with NRL
might contribute to the development of autism in this
family.

Materials and Methods

Autistic Family and Establishment of B Lymphoblastoid
Cell Lines

A family (Fig. 1a) with three autistic children and three non-
autistic siblings was clinically identified by DSM-IV in
Guang-Zhou city, Guang-Dong province of South China,
with a protocol approved by the Institutional Review Board
for clinical investigations including this study. All three
autistic children showed no eye contact, non-communication,
language delay, and distractibility. B lymphoblastoid cell
lines were established with peripheral blood obtained from
all children in the family, by following a standard procedure
published elsewhere (Neitzel 1986; Mobyuddin et al. 2004).
In brief, Epstein–Barr Virus (EBV) supernatant was prepared
by culturing the EBV-producing marmoset B cell line B95.8.
We then obtained samples of peripheral blood from all
family members and separated the mononuclear cells by
using Ficoll PLUS-Paque (GE Healthcare Bio-Sciences).
The EBV supernatant, along with cyclosporin A (Sigma–
Aldrich, St. Louis, MO, USA) was used to transform B
lymphocytes. Cells were incubated in RPMI-1640 medium
containing 10% fetal bovine serum (Invitrogen, Carlsbad,
CA, USA) and antibiotics (100 U/ml penicillin, 100 μg/ml
streptomycin) at 37°C in a 5% CO2 atmosphere.

Antibody-Chip Detection

Antibody Microarray Express 500 Kits (Clontech, Moun-
tain View, CA) were used following the manufacturer's
instructions. In the antibody chip screening, chip pairs of
3F versus 2F (“3F vs. 2F”) and 4M versus 5F (“4M vs.
5F”) were designed to limited the affect of age and sex on
the outcome of the experiment. Proteins were extracted
from EB-established cell cultures, quantified by the
bicinchoninic acid method, labeled with fluorescent dyes
(Cy5 and Cy3; GE Healthcare Bio-Sciences), and purified
with a Microspin desalting column (Pierce Biotechnology,
Rockford, IL). In antibody-chip detection, each sample to
be analyzed for protein expression was labeled with two
fluorescent dyes, Cy5 and Cy3. Dye-swap chip-pair screen-
ings were used to minimize the effects of inherent
variations in dye labeling (Fig. 1b). After antibody array
incubation, we scanned the slides with the Genepix 4000B
system (Axon, CA) at the following settings: 635 nm (Cy5
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channel): Photomultiplier tube (PMT)=670 V, power=
33%; 652 nm (Cy3 channel): PMT=550 V, power=33%.
The altered proteins were sorted with the threshold setting
at 1.3-fold for up-regulation or 0.77-fold for down-
regulation.

Western Blot Analysis

Western blot analysis was performed according to standard
procedures. The primary antibodies, including mouse anti-
IKKα (I Kappa K alpha), mouse anti-Tyk2 (tyrosine kinase 2),
goat anti-EIF4G1 (eukaryotic translation initiation factor 4
gamma 1), and goat anti-PRKCI (protein kinase C iota), were
from Santa Cruz Biotechnology (Santa Cruz, CA, USA) and
diluted at 1:100 for Western blot. Rabbit antibody of NF-кB
(nucleus factor-kappa B) p100/p52 (phospho-ser866) was
from Signalway Antibody (Signalway Antibody Co., Ltd.,
USA) and diluted at 1:1,000. Rabbit antibody of IκBα
(inhibitor alpha of NF-кB) was obtained from Beyotime
Institute of Biotechnology (Haimen, Jiangsu, China) and
diluted at 1:1,000. The secondary antibodies were from Santa
Cruz Biotechnology (Santa Cruz, CA, USA) and diluted at
1:2,000. These are horseradish peroxidase (HRP)-conjugated
donkey anti-goat, HRP-conjugated goat anti-mouse and HRP-
conjugated goat anti-rabbit.

RT-qPCR Analysis

Each RNA sample (2 μg) was subjected to cDNA synthesis
with MMLV (Moloney murine leukemia virus) reverse

transcriptase (Promega Corp., Madison, WI, USA).We used
SYBR Premix Ex Taq™ II kit (Takara Bio Inc., Shiga,
Japan) and ABI PRISM 7,300 Real-Time polymerase chain
reaction System (Applied Biosystems, Foster City, CA,
USA) to carry out quantitative PCR(polymerase chain
reaction) experiments. Primers used to amplify cDNAs
and the lengths of the PCR products are listed in Table 1.

IgE Concentration Detecting in Total Cell Lysis

Levels of IgE in total B lymphocyte lysates were quantified
with an SX05003 system (Senxiong Biotech, Shanghai,
China). To establish a standard curve, eight dots containing
0, 15.625, 31.25, 62.5, 125, 250, 500, and 1,000 ng/ml,
respectively, were applied. A standard curve for IgE was
drawn with Y-axis as 490-nm absorbance (optical density,
OD) and X-axis as concentration of standard IgE in
nanograms per milliliter. Total protein extracts (3.5 ng/μl)
from B lymphocytes of autistic or non-autistic children
were used for IgE level determination. IgE concentrations
of autistic and non-autistic children were calculated
according to their absorption and the standard curve above.

Cell Cycle Analysis

For each sample, 1×106 cells were harvested, washed by
1× PBS (Phosphate-buffered saline) and prepared for single
cell suspension. Next, these cells were fixed by 70%
alcohol at 4°C overnight. The next day, after being washed
by 1× PBS, cells were resuspended in 500 μL 1× PBS with

Fig. 1 a A family with autism
which was in close contact with
NRL. Children in this family are
shown from the oldest (1F) to the
youngest (6M): 1F(N), 12 years
old; 2F(N), 9 years old; 3F(A),
8 years old; 4M(A), 6 years old;
5F(N), 5 years old; 6M(A),
4 years old. “A” indicates autistic
and “N” for non-autistic. During
the antibody chip screening, chip
pairs of 3F versus 2F (“3F vs.
2F”) and 4M versus 5F (“4M vs.
5F”) were designed to limit the
affect of age and sex to the
outcome of the experiment. b
Dye-swap antibody chip-pair
screening of scanned
microarrays. The left panel
shows a screening image of “A”
labeled with Cy3 and “N”
labeled with Cy5. The right
panel shows a screening image
of “A” labeled with Cy5 and “N”
labeled with Cy3
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Table 1 Dye-swap antibody chip-pair screening

3F vs. 2F Swiss-Prot 4M vs.5F Swiss-Prot

Up-regulated differentially expressed proteins

ANXA2 P07355 AP3M1 Q9Y2T2

CDC27 P30260 BLNK O75498

IKKα O15111 CAV2 P51636

CTBP2 P56545 CCNB1 P14635

FDFT1 P37268 CDC37 Q16543

FKBP10 Q96AY3 CDC40 O75471

ITGB3 P05106 IKKα O15111

LCK P06239 CSPG5 O95196

MAP2K5 Q92961 CYCS P00001

MCM5 P33992 DLG1 Q12959

MSH2 P43246 DYNLL1 Q15701

NRP2 O60462 F11R Q9Y624

NUP88 Q99567 FKBP1A P20071

PER2 O15055 FN1 P02751

RASGRF2 Q9UK56 FUBP1 Q12828

TIAL1 Q01085 GLUL P15104

TJP1 Q07157 GOLGA2 Q9NYF9

TP53 P04637 HSPD1 P10809

MAP4 P27816

MNAT1 P51948

NDP52 Q13137

NONO Q15233

NOS2 P35228

PARP1 P09874

PLCB1 Q9NQ66

PLK3 Q9H4B4

PSIP1 O95368

RASA2 Q15283

STAT3 P40763

TRAX Q99598

UBE2I P50550

VASP P50552

XRCC5 P13010

Down-regulated differentially expressed proteins

CDC25C P30307 AMPH P49418

CDC37 Q16543 ANXA2 P07355

DAP3 P51398 AP2B1 P21851

DLG1 Q12959 APPBP1 Q13564

EIF4G1 Q04637 CALB2 P22676

EPS8 Q12929 CANX P27824

FKBP1A P20071 CBX2 P30658

GLUL P15104 CEP250 O60588

HAX1 O00165 CHD3 Q12873

KIF3B O15066 CMYA1 Q8TCG7

LCP2 Q13094 CPE P16870

NCOR2 Q9Y618 CSNK1E P49674

PRKCH P24723 DDX1 Q92499

PRKCI P41743 DOK2 O60496

Table 1 (continued)

3F vs. 2F Swiss-Prot 4M vs.5F Swiss-Prot

PRKCQ Q04759 DUSP3 P51452

PPP1R2 P41236 E2F1 Q01094

SQSTM1 Q13501 EIF4G1 Q04637

STAT3 P40763 EIF5 P55010

SYT1 P21579 FDFT1 P37268

TEAD1 P28347 HMOX1 P09601

TYK2 P29597 HSPH1 Q92598

ITGA3 P26006

LCK P06239

MAPT Q1RMF6

MCM4 P33991

MCM5 P33992

MKI67 P46013

MSH2 P43246

NEDD4 P46934

NRP2 O60462

NUMA1 Q14980

NUP88 Q99567

ORC5L O43913

P4HB P07237

PCNT P48725

PER2 O15055

PIK3R1 P27986

PKN1 Q16512

PPP2CA P67775

PPP5C P53041

PRKAR1A P10644

PRKAR2B P31323

PRKCI P41743

PRKCD Q05655

PTGS2 P35354

PTPRF P10586

RAB11A P24410

RASGRF2 Q9UK56

SCARB1 Q14016

SERPINB5 P36952

SHC3 Q92529

SNX2 O60749

STRN O43815

SYCP3 P70281

TJP1 Q07157

TOP2B Q02880

TYK2 P29597

Vti1b Q9UEU0

XPA P23025
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50 μg/mL propidium iodide and 100 μg/mL RNase A, and
then incubated for half an hour at 4°C. After that, flow
cytometry (FCM) was used for cell cycle analysis

Results

Identification of Differentially Expressed Proteins

With dye-swap antibody chip-pair screening (Fig. 1b), 18
proteins were identified up-regulated in the pair of 3F(A)
vs. 2F(N) and 33 were up-regulated in the pair of 4M(A)
vs. 5F(N). Within these two groups of up-regulated
proteins, IKKα was observed in both pairs. In addition,
several proteins, such as CDC27 vs. CDC37 (and CDC40),
FKBP10 vs. FKBP1A, and MAP2K5 vs. MAP4 showed
that their different isoforms may have up-regulated in both
pairs. Similarly, three differentially expressed proteins
EIF4G1, PRKC1, and TYK2, along with protein isoforms
PPP1R2 vs. PPP5C, PRKCQ vs. PRKCD were identified
down-regulated in both pairs (Table 1). Further validation
of differentially up-regulated IKKα and down-regulated
EIF4G1, PRKC1, and TYK2 was performed by Western
blot and reverse transcription quantitative polymerase chain
reaction (RT-qPCR) (Fig. 2). The analysis on the gray scale
of the Western blot bands indicated that IKKα was up-
regulated to 1.60-fold of control protein level, while RT-
qPCR analysis showed an up-regulation of IKKα to 1.84-
fold of control RNA level. Results also indicated that the
translational level of Tyk2 in autistic children was down-
regulated to 49% of control protein level compared with
non-autistic children, while RT-qPCR showed a down-
regulation of Tyk2 to 60.4% of control RNA level. PRKCI
was down-regulated to 62.0% of control level by Western
blot. RT-qPCR data showed PRKCI was down-regulated to
57.9% of normal level. Western blot analysis and RT-qPCR
data showed that EIF4G1 was down-regulated to 73.5% of
control protein level and to 69.9% of control RNA level.

Detection of Total Lymphocyte Protein IgE

We found the average IgE level in total cell lysates of cultured
B lymphocytes from autistic children was 766.0238 ng/ml±
155.6379 (mean ± SD) and that from non-autistic siblings was
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�Fig. 2 a Western blot of IKKα, TYK2, EIF4G1, and PRKCI proteins
among six children of the family studied, with β-actin as a loading
control. b Gray values of the bands were measured by Band Scan 5.0.
The X-axis shows the four candidate proteins, and the Y-axis shows
the ratio of autistic group compared with non-autistic group. Data are
shown as mean ± SEM. By unpaired t test, two-tailed p value: “A”, p=
0.0023; “B”, p=0.0035; “C”, p=0.0372; “D”, p=0.0095. c Quantita-
tive RT-PCR results of IKKα, TYK2, EIF4G1, and PRKCI in autistic
compared to non-autistic siblings
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355.3102 ng/ml±71.00042, which showed autistic children
had a significant higher IgE level (p<0.05) than non-autistic
siblings in this Chinese family (Fig. 3).

Activation of NF-Кb Signaling

In autistic children compared with non-autistic children, the
protein level of IκBα did not change. (Fig. 4a), but nuclear
P52 was increased (Fig.4b). This means that, in autistic
children, the NF-кB signaling was activated not in the
canonical way but in the non-canonical way.

Cell Cycle Analysis

FCM analysis showed that the percentage of G0/G1 phase
cells decreased but that of S phase cells increased in autistic
children compared with non-autistic siblings. The cell

Fig. 4 NF-кB signaling activation. a Western blot of P52 (phosphor-
ylated) using nuclear protein extracts. A protein band probed by anti-
P52 antibody can be detected at lanes of 3F(A), 4M(A), and 6M(A) but
not at lanes of non-autistic (N) siblings. b. Western blot of IκBα using
total protein extracts. B-actin was used as a control in Western blotting
of both a and b
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Fig. 3 Detection of IgE. a Standard curve of IgE was drawn with Y-
axis as 490-nm absorbance (optical density, OD) and X-axis as
concentration of standard IgE. b One hundred microliters of total
protein extracts (3.5 ng/μl) from B lymphocytes of autistic or non-
autistic siblings were used for IgE assay. IgE concentrations of autistic
and non-autistic children were calculated according to their absorption
and the standard curve above. The average IgE concentration of
autistic children was 766.0238 ng/ml±155.6379 (mean ± SD) and that
of non-autistic children was 355.3102 ng/ml±71.00042. By unpaired t
test, two-tailed p value is 0.0274
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Fig. 5 Cell cycle: a Cell percentage of each phase in cell cycle by
FCM. b Analysis of cell cycle in autistic children and non-autistic
children. By unpaired t test, two-tailed p values: Ip<0.01 for G0/G1,
IIp<0.01 for S, IIIp>0.05 for G2/M, and IVp<0.01 for S+G2/M

J Mol Neurosci



percentage of “S+G2/M” phase which represents cell
proliferation also increased significantly in autistic children
(p<0.005; Fig. 5a, b)

Discussion

Quite a lot studies have been reported on the relation
between autism and immune-mediated disorders such as
allergies and autoimmune diseases (Astrakhan et al. 2007;
Valenta et al. 2009; Lindelöf et al. 2009). Parents of autistic
children have higher rates of abnormal immune response
(Comi et al. 1999; Mouridsen et al. 2007; Atladóttir et al.
2009). Some research groups have argued that autism is an
autoimmune disease (Ashwood and Van de Water 2004).
Dochniak hypothesized that exposure to Hev-b proteins in
NRL can lead to autism, depending on the timing,
frequency, intensity, and type of exposure; Hev-b proteins
can trigger IgE-mediated reactions and influence immune
responses to other exogenous/endogenous proteins, which
may lead to autism (Dochniak 2007). In our current study,
three autistic children were identified from a Chinese
family in south China, in which the parents run a natural
rubber production business and have been in close contact
with NRL. Hypothesizing that close contact with NRL may
be the underlying mechanism for this family having three
children affected by autism, we undertook a proteomic
approach to study the differentially expressed proteins in
hope of identifying any protein that may associate with
autistic phenotypes. Not to our surprise, the altered proteins
detected by antibody chips were mostly immuno-relevant
ones including elevated IKKα and decreased Tyk2,
EIF4G1, and PRKCI. Previous studies have reported the
presence of autism susceptibility gene loci at bands
3q26.31-q27.3 and19p13 (Allen-Brady et al. 2009;
Ylisaukko-oja et al. 2006; McCauley et al. 2005), which
embedded genes of PRKCI, EIF4G1, and Tyk2 that we
identified in this study (Firmbach-Kraft et al. 1990; Fields
and Regala 2007; Prévôt et al. 2003). Combining our
findings of higher IgE level in B lymphocytes from autistic
children indicates a relationship of abnormal immune
reactions and autism. The underlying mechanism can be
that possibly Tyk2 acts to phosphorylate the IFN-alpha/beta
receptor alpha chain, which plays an obligatory role in
human immunity. Mutations in Tyk2 can cause type II
hyper-IgE syndrome (Minegishi et al. 2006; Minegishi and
Karasuyama 2007). Usually, B lymphocytes produce IgE in
response to certain endogenous lymphokines. It has been
reported that IgE synthesis can occur without lymphokines
in patients with hyper-IgE syndrome, suggesting that IgE
synthesis occurs in a terminally differentiated B lympho-
cyte population; terminally differentiated B lymphocytes
that specifically produce IgE are no longer sensitive to

regulatory signals (Vercelli et al. 1990). In our present
experiments, the IgE level was higher in cell lysates from
autistic children than that of non-autistic siblings, which is
consistent with previous results (Stern et al. 2005) and
coupled with the down-regulation of Tyk2. It looks like the
terminally differentiated B lymphocytes have a larger
population in autistic children than non-autistic siblings of
the present family. Tyk2 may also move the Th1/Th2
balance toward Th1. In Tyk−/− mice, IL-12–mediated Th1
cell differentiation is decreased while IL-4–mediated Th2
cell differentiation is increased (Seto et al. 2003). In autism,
similar alterations occur in immune regulation involving
pro-inflammatory cytokine autoimmunity. Cell-mediated
immunity is impaired, as evidenced by low numbers of
CD4 cells along with a concomitant T cell polarity and an
imbalance of the Th1/Th2 subset toward Th2 (Molloy et al.
2006), and levels of all Th2 cytokines, including IL-4, are
significantly increased (Singer et al. 2006). Shifts of the T
cell response from Th2 to Th1 or a reduction of Th2-type
cytokine production proved to be of therapeutic benefit in
patients with autism spectrum disorder (Boris et al. 2007).

IKKα is essential for B lymphocyte development and
function (Kaisho et al. 2001). IKKα/IKKβ heterodimer
phosphorylates IκBα (inhibitor alpha of Nuclear factor
kappa B) on both serine 32 and serine 36, which are
required for targeted degradation of IκBα, thereby activat-
ing the essential transcription factor NF-кB (Nuclear factor
kappa B) in canonical way (Régnier et al. 1997). IKKα/
IKKα homodimer activates NF-кB in a non-canonical
(alternative) way by phosphorylating the C terminal region
of p100 followed by degradation of the p100 to generate
activated p52 in the nucleus (Hayden and Ghosh 2004).
IKKα-activated p52/p100 (NF-κB2)-dependent pathway
plays a role in the regulation of the cell cycle and cell
proliferation (Schneider et al. 2006; Barré and Perkins
2007; Ishikawa et al. 1997). In our results, when autistic
children were compared to non-autistic siblings, the protein
level of IκBα did not show significant alteration (Fig. 4b).
Rather, p52 appeared in nucleus in autistic children
(Fig. 4a). These indicated that, in autistic children, the
NF-кB signaling was activated in a non-canonical way. In
autistic children compared with non-autistic siblings, cell
counts in G0/G1 phase decreased in number but increased
in S phase. Cell percentage of “S+G2/M” phase which
represents cell proliferation increased significantly in
autistic children. In addition, IKKα may serve as a novel
target for the regulation of monocyte function in allergy, in
which IgE plus trinitrophenyl induced prominent synthesis
and rapid phosphorylation of IKKα (Peng et al. 2005).

PRKCI is over-expressed in numerous tumors (Regala et
al. 2005; Zhang et al. 2006). It may be involved in cell
polarization and the formation of epithelial tight junctions;
it plays roles in the secretory response to nutrients. Besides,
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PRKCI is implicated in the activation of NF-кB signaling
pathways though recruitment to IKK complex and phos-
phorylating IKKα and IKKβ (Win and Acevedo-Duncan
2008). EIF4G1 has been identified as a candidate citrulli-
nated auto-antigen in patients with rheumatoid arthritis
(Okazaki et al. 2006). Rheumatoid arthritis is a common
systemic autoimmune disease of unknown etiology, which
is thought to be associated with autism (Comi et al. 1999).

As an antibody producer, B lymphocytes contribute to
the humoral immune system. NRL may influence the
function of B lymphocytes such as causing differences in
IgE production and alteration in protein expression. In this
study, we compared the protein expression pattern of B
lymphocytes in autistic children with that in non-autistic
children. By analyzing the functions of altered proteins, we
further investigated the IgE level, the activation of NF-кB,
and the cell cycle. With our knowledge, results generated
from this pilot study is the first time illustrating the
exposure to NRL may lead to IKKα differentially up-
regulated and EIF4G1, PRKC1, and TYK2 down-regulated
in autism persons. Based upon the discussion above, we
hypothesized that during neurodevelopment, in this family,
NRL triggered cross-reaction down-regulated Tyk2 in B
lymphocytes, which developed terminally differentiated B
lymphocytes to produce IgE in the absence of stimulation;
elevated IgE could also up-regulate IKKα and activate it by
phosphorylation; and then down-regulation of PRKC1
occurred, which appeared to be an inverse feedback to up-
regulated IKKα for PRKC1, that also activates IKKα.
IKKα activates NF-кB signaling in a non-canonical way,
which alters the cell cycle. The abnormal status of B
lymphocytes found in autistic children of this family may
support the hypothesis that exposure to NRL is associated
with autism. Furthermore, close contact with NRL may
have contributed to the occurrence of autism in this family
by altering the expression of certain immuno-relevant
proteins, by triggering abnormal immune reaction and
influencing the cell cycle. To further test our hypothesis,
detailed investigations should be pursued with a
population-based larger size of samples to explore (1) if
there is an increase in autism in people who work or live
near rubber processing plants, (2) if there is a spike in the
prevalence of autism around those types of plants, and (3)
are there any differences in autistic prevalence in the areas
of rubber plants versus others without similar exposures.

The complex and precise signal transmission in the central
nervous system occurs as a result of the generation and
maturation of functional synapses. There is evidence that
abnormalities in immunity affect nervous system develop-
ment. For example, immune deficiency or severe inflamma-
tory disease can lead to impaired hippocampal neurogenesis,
which can result in impaired hippocampus-dependent cogni-
tive abilities (Ziv and Schwartz 2008). But how immune

factors affect development, behavior and changes within the
CNS to cause autism is still unclear (McAllister and van de
Water 2009; Libbey and Fujinami 2010).

Finally, we would like to point out that all results of this
study were generated from B lymphocytes that came from
the peripheral bloods of autistic and non-autistic siblings.
Because autism is a neurodevelopmental disorder and the
ideal material for conducting biological study is brain
tissue, using peripheral blood-derived lymphocytes may
have a potential bias. However, due to the lack of brain
tissue for studying the relationship, at a translational level,
between contacts of NRL and autism in neurons, the only
possible materials that could be obtained from autism
children would be skin cultures and lymphocyte cultures.
Compared to lymphoblasts, cultured fibroblasts trans-
formed with SV-40 would be closer to brain. Unfortunately,
we could not obtain the skin biopsy due to the difficulty of
cooperation from the autistic children, therefore, lympho-
cytes became the only available material we could use for
this current study, although we were aware of the potential
bias. A similar report using peripheral bloods studying
plasma β-endorphin and pain reactivity in autistic children
was reported previously (Tordjman et al. 2009) and
recently, lymphoblastoid cell lines were studied that
revealed at least a subset of brain-related microRNAs
implicated in autism (Talebizadeh et al. 2008).

Conclusion

Our present results indicate that immune responses caused
by specific contact with Hev-b proteins during prenatal and/
or neonatal development may alter the immune system
balance, influence functions of B lymphocytes by altering
expression of certain proteins identified in our experiments,
and finally, contribute to the occurrence of autism in this
family.
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