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Thimerosal Exposure in Infants and Developmental Disorders:
A Retrospective Cohort Study in the United Kingdom Does Not
Support a Causal Association

Nick Andrews, MSc*; Elizabeth Miller, MBBS, FRCPath, FFPHMY; Andrew Grant, PhD*; Julia Stowe, BAS;
Velda Osborne, BSc|; and Brent Taylor, PhiD, MBCHB§

ABSTRACT. Objective. After concerns about the pos-
sible toxicity of thimerosazl-containing vaccines in the
United States, this study was designed to investigate
whether there is a relationship between the amount of
thimerosal that an infant receives via diphtheria-tetanus-
whole-cell pertussis (DTP) or diphtheria-tetanus (DT)
vaccination at a young age and subsequent neuradevel-
opmental disorders.

Methods. A retrospective cohort study was performed
using 109 863 children who were born from 1988 te 1997
and were registered in general practices in the United
Kingdom that contribuled 1o a research database. The
disorders investigated were general developmental dis-
orders, language or speech delay, tcs, attention-deficit
disorder, autistn, unspecified developmental delays, be-
havior problems, encopresis, and enuresis. Exposure was
defined according to the number of DTP/DT doses re-
ceived by 3 and 4 months of age and also the cumulative
age-specific DTP/DT exposure by 6 months. Each
DTP/DT dose of vaccine contains 50 pg of thimerosal (25
pg of ethyl mercuryl. Hazard ratios (HRs) for the disor-
ders were calculated per dose of DTP/DT vaccine or per
unit of cumulative DTF/DT exposure.

Results. Only in 1 analysis for tics was there some
evidence of a higher risk with increasing doses (Cox's
HR: 1.50 per dose at 4 months; 95% confidence interval
[CI): 1.02-2.20). Statistically significanl negative associa-
tions with increasing doses at 4 months were found for
general developmental disorders (HR: 0.87; 95% CI: 0.81-
0.93), unspecified developmental delay (HR: 0.80; 95% CI:
0.69-0.92), and attention-deficit disorder (HR: 0.79; 95%
CI; 0.64-0.98). For the other disorders, there was no evi-
dence of an association with thimerosal exposure,

Conclusions. With the possible exception of tics,
there was no evidence that thimeroszl exposure via
DTP/DT vaccines causes neurodevelopmental disorders.
Pediatrics 2004;114:584-591; cohort study, neurodevelop-
wment, safety, thimerosal, thiomersal, vaccines.
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reurodevelopmental and renal toxicity in young

children.? Cumulative exposure to an organic
mercury~containing compound, methylmercury,
can also produce neurologic or renal damage as it
has a long half-life and can cross the blood-brain
barrier, where it accumulates and is converted to
inorganic mercury. Guidelines to limit cumulative
exposure to methyimercury have been drawn up by
various agencies and incorporate a wide margin of
safety. The maximum daily dose specified by these
different agencies varies by nearly 5-fold, the most
stringent being the guideline of the Environmental
Protection Agency in the United States that specifies
a maximum daily exposure to Hg of 0.1 ug/kg ex-
trapolated from data on methyknercury exposure.
These guidelines are reproduced by Pichichero2

Ethylmercury, a related organic mercury com-
pound, is a constituent of thimerosal, an antibacterial
agent used in certain nonlive vaccines. Ethylmercury
bas a much shorter half-life than methyimercury,
being rapidly excreted via the stools after parenteral
administration such that blood levels remain sub-
stantially below the safe threshold.? Nevertheless,

Inorgamc mercury (Hg) poses a potential risk of

. the guidelines to limit cumulative methylmercury

exposure have been translated to ethylmercury.? In
the United States, increases during the 1990s in the
number of childhood vaccines that contained thimer-
osal, which contains 49.6% Hg by weight, led to
questions about safety because the maximumn cumu-
lative exposure in some US children was 187.5 ug Hg
by 6 months of age, which would have exceeded the
stringent Environmental Protection Agency limit. Al-
though there is no evidence that this level of Hg
exposure via ethylmercury was likely to or had ac-
tually caused any harm, a joint statement was issued
by the American Acaderny of Pediatrics and the Pub-
lic Health Service in 1999 recommending the removal
of thimerosal from vaccines as soon as possible, as a
precautionary measure.* Although the World Health
Organization (WHO) supported in principle the
move toward thimerosal-free vaccines, it neverthe-
less recommended that vaccines that contain thimer-
osal continue to be used in the meantime because the
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known marbidity and mortality from vaccine-pre-
ventable diseases greatly outweighed any theoretical
risk from ethylmercury.5

In 2001, the preliminary results of an unpublished
US cohort study that screened for associations be-
tween various neurodevelopmental and renal disor-
ders and infant thimerosal exposure in vaccines were
made available to an Institute of Medicine knmuni-
zation Safety Review. This study used the comput-
erized Vaccine Safety Datalink (VSD) developed by
the Centers for Disease Control and Prevention
{CDC) in association with 2 health maintenance or-
ganizations (HMOs).? The preliminary results sug-
gested a possible trend between the level of ethyl-
mercury exposure in the first few months of life and
the following neurodevelopmental diagnoses: tics,
attention-deficit disorder (ADD), language/speech
delays, unspecified delays, and general neurodevel-
opmental delays. Although additional analyses were
later conducted to contrel for confounding variables
and to include more data, some disorders remained
significant. Given the exploratory nature of this
study, it was unclear whether these findings were
real, a result of chance, or a result. of uncontrolled

confounding or bias. A subsequent, much smaller .
study by the CDC using another HMO data set did |

not confirm the first findings but had inadequate

power to identify effects of the size seen in the first -

study.®

ter review of the available evidence by the WHO
Global Advisory Committee on Vaccine Safety, it
was recommended that other studies be conducted
to test the hypotheses raised by the VSD study.® The
General Practice Research Database (GPRD) in the
United Kingdom was identified as 1 of the few da-
tabases that were comparable to the HMO databases
used in the VSD study?10 In addition, the Avon
Longitudinal Study of Pregnancy and Childhood in
the United Kingdom was identified as a prospective
cohort with information on vaccination and regular
assessment of children’s developmental progress,
This cohort had the advantage of having data on
many potential confounding variables, although it
was not large encugh to assess rare outcome condi-
tions. The results of the analysis of this study are
published together with this article.!

The GFRD holds data on all significant patient
consultations, referrals, and prescribed medicines,
including vaccines from 1988 from ~500 general
practices in the United Kingdom. Together, these
practices provide primary health care for 3.4 million
patients (5.7% of the population). Preliminary anal-
yses conducted by staff of the Morbidity and Health
Care Team of the Office for National Statistics {which
until 1999 managed the GPRD) using the Interna-
tional Classification of Diseases (ICD) codes for the
outcomes of interest from the CDC study confirmed
that the GPRD had sufficient power to test the hy-
potheses generated in the CDC study. '

In the United Kingdoem, the only vaccine that con-
tains thimerosa! and has been used routinely in the
infant immunization program in the past 2 decades is
diphtheria-tetanus-whole-cell pertussis (DTF) vac-
cine or diphtheria-tetanus (DT} vaccine and any com-
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bination vaccine that contains or DT. These

vaccines all contain 50 pg of thimerosal (25 ug of Hg)
per dose. No other thimerosal-containing vaccines
have been given routinely to United Kingdom chii-
dren, so the cumulative Hg exposure by age can be
readily obtained from the number of doses of DTP-
or DT-containing vaccines given, Because the United
Kingdom changed to an accelerated 2/3/4 month
DTF immunization schedule in 1990 (replacing the
former 3/5/10 month schedule) and because vacci-
nations are generally given on time in the United
Kingdom, a substantial proportion of children in the
GPRD cohort will have had a cumulative Hg expo-
sure of 150 pg of thimerosal (75 ug of Hg) by 4
months of age. This level of Hg exposure, although
lower than the maximum of 187.5 ug received in the
United States by 6 months of age, is similar to the
level received by ~3 to 4 months of age in the United
States. It is also the same as the amount of thimerosal
used by developing countries that follow the ex-
panded immunization schedule.

METHODS
The GPRD Cohert

Information on all children who wete borm from 1988 to 1997
and had at least 2 years of continuous follow-up fram birth in the
GPRD was obteined from the Office for National Statistics. Data
were available up to the end of 1999 in linked patient, medical,
and prevention databases for 152 B98 children. For quantifying
: by age, it was important that an exact date of
bifth (to the day) be available. The patient database had informa-
tion only on year and month of birth, but we were able to obtain
exact dates of birth for 109 B63 children from the date at which
procedures or measurements taken on the day of birth were
recorded in the linked medical database, Additional dats quality
processing, mastly concerning the validity of the dates of birth,
vaccination, or the date of recording of the neurodevelopmental

blems, Jed to the exdusion of 2711 records (2.5% of the cohort),
eaving 107 152 children for analysia (Fig 1).

For each child, information was available on date of birth,
gender, date leaving the practice {if applicable}, last date that data
wére obtained from the practice, dates of all vaccinations (along
with vaccine code and dose mumber), and dates and Read or
DXMIS codes for all medical events. Read and OXMIS are diag-
nostic coding schemes that are built into practice software and
based respectively on ICD-9 and ICD-8 codes. We had no infor-
mation enabling identification of the patient and ne information
on general practitioner {GF) practice, so the only potential con-

.. founding varlables that could be allowed for were gender and

year/month of birth.

Exclusion Criteria

Children with Read and OXMIS codes relating to a variety of
atal, perinatal, and posinatal condilians that occurred before
mmms of age were excluded as were children who were re-
corded s having an outcome event in the first &€ months of life,
These children were excluded from the main analysis because the
presence of such a condition is likely to affect both vaccination and
future neurodevelopmental ocutcomes. Examples of excusions
were birth asphyxis, Down syndrome, cercbral palsy, meningitis,
encephalitis, and head injury. Children were also excluded when
they received either hepatitis B or influenza vaccination in thve first
& months of life because such children are likely to be an atypical
subgroup. Children who were born preterm (<37 weeks’ gesta-

‘tion) axe likely to be of Jow bitth weight, and many stay smatl.

Such infants might be more susceptible to standard doses of
thimerosat. Preterm infants therefore were analyzed separately.

Exposure Variables

Hg for each child was defined according to the num-
ber of DTP/D'T doges received at 3 months (93 days) and 4 months
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Exact date of birth available
from linked medical database

Dates of birth, vaccination and
outcomes in a valid format

Congenital, prenmial ot~
perinatal conditions meeting
exclusion criteria (3,589)

Fig 1. Selection of the GPRD cohort.

Postnata) condition in first six
months of life meeting
exclusion criteria (391) of

Cutcome condition in first six
months of life (133)

Hepatitis B or influenza
vaceination (103)

(124 days) of age. These ages were chosen to give a wide distri-
bution for the number of children who received 0 to 3 doses of
DTP/DT. A continuous variable (HgAll) that aimed to capture the
age-specific Hg exposure up to 6 months (183 days} of age was
also created. This variable was created to drcumvent the prablem
of choosing age cut-offs and also to provide greater study power.

HgAll was created from the age in days at the 3 DTP/DT doses as -

follows:

HgAll = [(183 — age ot dose 1) + (183 — age ot dose 2) + (183
— age at dose 3)}/40

When a dose was not given or was given later than 183 days of
age, for the purpose of the above calculation, the age was set to 183
days. The higher the value of HgAll, the earlier the 3 doses. of
DTP/DT were given and the child thus was exposed to a higher
dose of mercury at a younger age. The arbitrary division by 40 was
to ensure that when ealculating hazard ratios (HRs), 1 unit of
HgAll was of a meaningful size. One unit of HpAll correspongs to
a combined difference of 40 days (while under the age of 183 days)
in the age at which DTP/DT s given. For example, 2 child who
received dose 1 at 60 days, dose 2 at BE ddys, and dose 3 at 116
days would have an HgAll value of 7.125, whereas a child who
received doses 1 and 2 by the same age but dose 3 at 156 deys
would have an HgAll value of 6.125.

Quicome Events

The outcome events of most interest were OXMIS and Read
codes relating to general neurodevelopmental disorders (a com-
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Term infants
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Preterm infants
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None
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posite category that comprised the following ICD-9 codes: 299
[childheod psychoses including autism}, 300.3 [obsessive-compul-
sive disorders], 307 [spedific psychopathological syndromes],
312.0 [unsocialized disturbance conduct, aggressive], 313 |emo-
tional disturbance], 314 [hyperkinetic syndrome], 315 [specific
delays in development], 317-319 |mental retardaticn), and V40
[mental and behavioval blems]) and other individual conds-
tions as follows: unspecified development delays, tes, ADD ind
language or speech delay, enuresis, encopresis, autism, and non-
specific behavioral problems, The ICD-9 codes relating to these
outcomes are shown in Table 1,

Statistical Methods

The data were analyzed by Cox proportional hazards survival
analysis in the swatisticel package S-Plus.1? Survival for each child
was taken as the number of days from age 183 days to the age at
the first mention of each predefined cutcome of interest. If for 2
particular cutcome no event occurred, then survival was taken as
being greater than the time to the end of follow-up. HRs with 95%
confidencge intervals {Cls) and two-sided P values were calculated
for the effect of thimerosal exposure, The effect of the number of
doses received by 3 and 4 months of age was quantified by the
trend in hazard per dose. Wher the trend was significant, the HRs
for 1, 2, and 3 duses at 4 months compared with the baseline of 0

_ doses were also calculated. A HR >1 is consistent with the hy-

pothesis that early Hg exposure is associated with an increased
risk of a predefined developmental outcome, whereas a HR <1 is

TABLE 1. Numbers With the Varlous Cutcome Conditions for the Term and Preterm Cohorts, the Percentage Male, and the
Estimated Median Age in Years at First Mention
Quicome Term Infants Pretermn Infants
(CD-3 Codes) n % Median age ‘at First n % Median age at First
Male Mention, y Male Mention®, y
Genera) developmental 2035 711 26 110 66.4 38
disorders
Unspecified behavioral 816 71.2 48 30 70.0 5y . "
problem (3129) -
Enuresis (7883) 1312 53.6 5.6 35 60.0 6.1
Encapresis (7876) 121 66.9 55 4 75.0 —
Tics {3072} 70 70.0 5.2 1 100.0 -
ADD (314) 222 77.0 37 8 B7.5 —
Language/speech (3153) 666 70.4 30 33 69.7 34
Unspecified delay (3159) 485 672 24 52 59.6 21
Autism (2990} 104 89.4 44 2 50.0 —

* Where there are <10 cases, a median age is not calculated

58  THIMEROSAL EXPOSURE IN VACCINES AND DEVELOPMENTAL DISORDERS
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TABLE 2 Distribution in the Term and Preterm Cohorts of the Number of Doses of DTP/DT
Received in Total, by 3 and 4 Months of Age
Exposure Level Term Preterm
Cohort Cohort
n % n %
No. of doses of DTP/DT 0 545 05 37 15
1 1687 17 38 15
2 1090 11 60 24
3(thirddose =1y) 94730 942 2255 913
3 (third dose >1 y) 2120 21 81 3.3
Doses by age 3 mo 0 7881 7.8 350 142
1 51309 510 1390 56.3
2 41382 41.1 731 296
Doses by age 4 mo 0 3419 34 142 58
1 11766 11.7 442 179
b 50349 50.1 1299 52.6
3 35038 3.8 588 238

indicative of a potential protective effect. In all analyses, gender
and year of birth were included as potential confounding factors;
month of birth was also included when statistically significant at
a 5% level. The effect of the number of doses of thimerosal was
also axamined visually in reverse Kaplan-Mejer plots.

The main analysis included all children whether recorded as
receiving 0, 1, 2, or 3 doses of DTP/DT at any age. However, it

seemed possible that, as 2 result of sodoeronomic or other con-

founding factors, children who did not complete vaccnation in
the first year of life would form a bissed group. The data therefore
also were analyzed after excluding sll children who did not re-
ceive 3 doses of vaccination by age 366 days.

The median age st first mention of each outcome (Table 1) was
estimated by taking the proportion of those who were followed up
for § years or more with an event by & years (eF 3.33% of 7195
foltowed up for at least § years had a general developmental
disorder) and then finding the age by which half of thiz proportion
had had an event {eg, 1.67% of 63 466 followed up for 3.6 years or
more). This method of astimating the median age was used to
adjust for the effect of censored data but ie still conditional on the
event ocourring by the age of 8. .

Validation

Validation of GF notes could be performed only for those GF
practices that were still participating in the GPRD and with the
case still registered. Validation was performed by sending a ques-
tionnaire ta the GP asking for confirmation and additional details
of the diagnosis and any subsequent related consultations and also
the vaccination history, date of birth, and gender. Copies of rele-
vant patient notes were also requested. Validation was sought for
all cases of tics for whom validation was possible (36 of the 71

- cases) as well a3 a random subset of 30 with ADD, 40 with

language or speech delay, 30 with unspecified developmentsl
delays, and also an additional 30 in the genera) developmental
delay category not covered by the above.

RESULTS

Cohort Selection
. Details of the selection of the cohort of 103 043
children are given in Fig 1. The average length of
follow-up in the cohort was 4.7 years (range: 2-11).
Only 7.3% had a follow-up of longer than 8 years,
. reflecting that fewer practices contributed to the
GPRD from 1988 to 1990.

Exposure

" More than 96% of term children eventually re-
ceived all 3 doses of DTP/DT (Table 2}. By 4 months
of age, most children had received 2 or 3 doses;
however, there was sufficient variability in the num-
ber of doses received to enable fairly precise esti-
mates of the trend in the HR per dose for the various

outcomes. Preterm children were less vaccinated and
received vaccination later than term children.
Figure 2 shows the distribution of HgAll for the
term cohort. The median value (interquartile range)
of HgAll is 6.5 (4.5-7.0} in the term cohort and 6.1

- (4.7-6.8) in the preterm cohort. Although few chil-

dren received vaccinations early (HgAll >7.5), many
got the 3 doses close to the correct time (HgAll:
6.5-7.5). Short delays in receiving the 3 doses were
fairly common. However, relatively few children re-
ceived <3 doses or got the vaccine very late.

Outcomes -

All of the neurodevelopmental disorders invest-
gated were more common in boys than in girls (Table
1).:They also occurred more often in preterm chil-
dreri, with general developmental disorders occur-
ring in 4.5% of preterm children and 2.0% of term
children. The estimated median age of first mention
of the disorders in term children varied from 2.4
years for unspecified delays to 5.6 years for enuresis.
The age at first mention was similar for the term and
preterm cohorts. Other than the general develop-
mental disorders category, the most common disor-
ders were enuresis, behavioral problems, and lan-
guage/speech delays.

" Risk Estimates

Table 3 shows the adjusted HRs per DTP /DT dose
or HgAll unit for the various disorders. There were

- apparent protective effects from DTP/DT exposure

for general developmental disorders, ADD, and un-
specified developmental delay. The only evidence of
a greater hazard with increasing thimerosal exposure
was for tics, and this was significant only in the
analysis that excluded children who did not receive 3
doses by 1 year of age. For the other disorders,
exclusion of children who did not receive 3 doses by
age 1 did not substantially affect the HRs; for exam-
ple, the HR per dose at age 4 months was 0.86 (95%
CE 0.81-0.92) for general developmental disorders.
In the preterm cohort, none of the HRs was signif-
icantly different from 1 (data not shown). This cohort
was rnot large enough to have the power to identify
small effects; however, the direction of the effects
was similar to the term cohort. For example, for

ARTICLES 587



Case 3:05-cv-02045-PJH

E,m.

10000 -

Fig 2. Distribytion of the HgAll vari-
able in the term cohort.
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TABLE 3.  HR for Varous Nauodwélop.mmtal Disorders According 1o the Number of Doses of DTP/DT Received by 3 and 4
Months of Age and the Age-Specific Cumulative Exposure HgAll in the Term Cohort '

Chatcome Doses by 3 Months Doses by 4 Months HgAll
HR*Per 95%CI PValue HRPer 95%CI PValue HRPer 95%Cl P Value
Dose Dose Unit

General developmentsl 0.87 0.81-0.93 <.001 0.89 0.64-0.94 <.001 0.95 0.92-0.97 «.001

dizorders )
Behavioral problem .97 0.87-1.08 55 0.98 0.90-1.07 68 098 0.94-1.02 36
Enuresis 1.07 0.98-1.17 13 1.4 0.97-1.12 25 1.02 0.98-1.05 29
Encopresis 0.81 0.61-1.07 13 082 065102 {074 0.92 0.84-1.02 1
Tica 1.45 0.99-2.15 059 1.4 0.96-1.85 082 114 0.57-1.35 a1
Tiest 1.62 1,05-2.50 031 1.50° . 1.02-2.20 035 1.33 1.06-1.69 015
ADD 0.79 0.64-0.98 033 082 - 0.70-097 Q022 090 0.82-0.97 04
Language or speech delay 0.89 0.79-1.01 070 0.96 0.87-1.06 a8 0.99 0.94-1.03 56
Unspecifisd developmental 0.80 0.69-0.92 002 084 .75-0.94 0 3.91 0.86-0.95 <001

dela
Autim): 0.89 0.65-1.1 A6 0.94 4.73-1.1 £6 0.99 0.88-1.12 B9

* Adjusted for genider, year of birth, month of birth (general developrriental disorders only).
t Results from the analysis that excluded those who did not receive 3 doses of DTP/DT by 366 daya.

general developmental disorders, the HR per doses
at 4 months was 0.80 (95% CI: 0.63-1.00). There was
no evidence that the higher exposure by body mass
in preterm children gave an increased risk of neuro-
developmental problems.

Table 4 shows the HRs of 1, 2, and 3 doses by 4
months of age compared with the bageline of 0 doses
for variables with a significant trend by dose. The
results show that for general developmental disor-
ders, ADD, and unspecified delay, there is a decreas-
ing trend by dose, For tics, the effect is less clear, with
the main difference being the lower hazard at 1 dose,
Reverse Kaplan-Meier plots show these results in
more detail (Fig 3).

The 4109 children who were dropped as a result of
the initial exclusion criteria were examined in a sep-
arate analysis. As with the premature children, they
had a lower DTP/DT exposure than the main cohort
and also a greater risk of outcome events. As with
the term cohort, this group showed a protective
DTP/DT effect for general developmental disorders

588

with a HR for the trend in doses by 4 months of age
. of 0.84 (95% CI: 0.72-0.97).

Validation

From the validation exercise, responses were re-
ceived from 162 of 166 general practices. Of these, 10
could not provide any information. Of the remaining
152, 122 (80%) confirmed that the child presented
with the given condition, 11 (7%) stated that the
diagnosis reflected only parental concern, 11 (7%)
had the diagnosis incerrectly coded, and in 8 (5%) no
record of the diagnosis or subsequent episodes could
be found in the notes. Of the 122 with a confimmed
diagnosis, 48 were transient problems, 31 were long
term, and for 43, the duration could not be deter-
mined. For tics, responses were received for all 36, of
whom the duration of symptoms could be deter-
mined in 27. In 24 (89%) of 27, the tic was only a
transient problem. In 3 cases, tics was recorded when
in fact the individual presented with a parasitic tick.
The validation confirmed that the dates of vaccina-

THIMEROSAL EXPOSURE IN VACCINES AND DEVELOPMENTAL DISORDERS
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Signifieant Associations in the Trend Analysis for the Term Cohort

Outcome DTP/DT Doses by No. With HR* 95% C1
Age 4 Months Cutcome
General developmental 0 86 1.00 Reference
disorders 1 302 0.99 0.78-1.25
2 1028 0.85 0.68-1.06
. 3 619 0.75 0.60~0.94
Tics 0 3 1.00 Reference
1 2 017 0.03-1.04
2 40 114 0.35-3.73
3 25 112 0.34-3.77
Tiest o ¢ 0.00  Not estimable
1 2 018 0.04-0.76
2 38 098 0.58-1.62
3 25 100 Reference
ADD 0 15 1.00 Reference
1 34 0.62 0.34-1.24
2 105 0.49 0.29-0.85
3 68 0.47 0.27-0.83
Unspecified developmental 0 20 1.00 Reference
delay 1 85 1.20 0.74-1.96
2 23 0.80 0.51-1.26
3 146 0.73 0.46~1,16

* Adjusted for gender, year of birth, and month of birth (general developmental disorders only).
1 Results from the analysis that excluded those who did not receive 3 doses of DTP/DT by 366 days.

"General developmental disorders ‘

& 121324303642485:!0;05872788.49'09-8
Ape (months)
Unspecified developmetal delay

0.00% W —————
6 12 18 24 30 38 42 48 54 &0 66 72 78 B4 50 06
" Age (montha)

® 0.30% {

£ 0.15% 4
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0.60%
0.50% Farasan .
0.40% A

0.20%

6:19% E
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Fig 3. Cumulative percentage of children with general developmental disorders, ADD, unspecified developmental delays, and tics from
& months to 96 months of age, stratified according to DTP/DT doses received by 4 months of age. Plots are derived from the inverse of

the Kaplan-Meier survival curves and take account of variable follow-up times in individuals.

tion were accurate and that the dates of the events
recorded in the GPRD were correct or close to the
date noted in the GP record.

DISCUSSION

With the possible exception of tics, there was no
evidence of an increased risk of various neurodevel-

-

opmental disorders with increasing thimerosal expo-
sure at a young age via DTP/DT vaccination in the
United Kingdom. For general developmental disor-
ders, unspecified developmental delay, and ADD,
there was an apparent protective effect from increas-
ing thimerosal exposure. These outcomes afl had a
median age at first mention at a relatively young age
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confounding factors that are also associated with
delayed or incomplete vaccination. Qutcome condi-
tions first mentioned when the child was older did
not show any evidence of an association with
DTP/DT dosage, with the exception of the apparent
higher risk of tics in 1 analysis.

Although we were able to make some exclusions
on the basis of medical events in the first 6 months of
life, a limitation of our study was the inability to
adjust for many potential confounding factors, such
as unrecorded medical conditions and sociveco-
nomic factors. The longitudinal United Kingdom
study, published with this article,! did have infor-
mation available on potential confounding variables.
In that study, early thimerosal exposure generally
showed no association or was protective. The size of
the protective effects reduced when controlling for
confounding variables, although the changes were
small. This suggests that additional adjustment for
confounding in the GFRD study would have a rela-
tively small effect.

Our study has many similarities to the US VSD
study and, with the exception of tics, does not con-
firm the hypotheses raised by the preliminary anal-
ysis of that study. Both studies were cohort studies
with limited adjustment for confounding. The main
difference was the Jower total thimerosal exposure in
the United Kingdom. It should be noted, however,

that the exposure in the United Kingdom by 4 .

months of age was similar to the United States by the
same age; however, in the United States, exposure
increased further from 4 to 7 months. If the increased
risk in the US study were attributable only to the
additional thimerosal exposure after 4 months of age,
then it is possible that our study may not have been
able to detect the risks found in the US study. In the
final analysis of the US cohort study,!® which had a
longer follow-up time and separate analyses for each
of the 2 HMOs and also controlled for other variables
including health care-seeking behavior, the only
variables that remained significant were tics in 1
HMO and language delay in the other. Therefore,
many of the preliminary results from the US study
were probably attributable to confounding or
chance.

The validation exercise confirmed most diagnoses
with ondy 7% of the sample validated deemed incor-
rectly coded. An additional 13% were. questicnable
because they reflected only parental concem or could
not be located in the notes, This lack of specificity is
a limitation of the study because it biases against
finding an association. If we assume that a conserva-
tive 20% of cases have a false diagnhosis and that
there is a true HR per dose of 1.20, then this bias will
result in a slightly lower observed HR of 1.15. Other
validation exercises undertaken using the GPRD
have found clinical diagnoses to be accurate.14-16 The
predominance of boys as well as the median age at
first mention was as expected for the various condi-
tions? and provides a degree of validation.

The question remaining is whether there could be
a true effect of thimerosal exposure on tics. Evidence
supporting a true effect is that it was significant in

GPRD study; however, there are many reasons to
doubt that there is a true effect. First, the US study
was a screening study that looked at many outcomes;
the borderline significance in 1 HMO of tics merely
raised the question. Second, although the GPRD
study gave a borderline significant association, the
Avon longitudinal United Kingdom study showed
no evidence of a relationship between thimerosal
exposure and tics or twitches despite that this out-
come was reported for ~150 children. Third, the
validation exercise revealed that the vast majority of
tics were minor transient events, Finally, no other
developmental cutcomes were found to be agsoci-
ated with thimerosal exposure, contrary to what
would be expected if there were a true effect on tics.
Although the possibility of a true effect of thimerosal
on miner transient tics cannot be ruled out, it is more
plausible that the association found is a chance effect
or the result of confounding.

Cther than the US VSD study, the only other pub-
lished cohort study that has assessed exposure to
thimerosal-containing vaccines and any of the out-
comes that we looked at is a study in Denmark that
laoked at autism.”® The thimerosal exposure in this
study was 25 ug of Hg at 5 weeks, then 50 pg of Hg
at 9 weeks and 10 months. As with our study, the
authors found no evidence of an asseciation.

A recent study that measured Hg levels in blood
and excretion via the stools and urine in term infants
who received vaccines that contained thimerosal?
found no evidence of a rise in blood concentrations
above “safe values” and showed that Hg in ethyl-
mercury is eliminated rapidly via the stools. This
provides additional evidence that 3 doses of DTP
given at monthly intervals does not present an Hg-
related risk for neurodevelopmental disorders.

The results of the 2 United Kingdom studies were

- presented to the WHO Global Advisory Committee

on Vaccine Safety in June 20028 These studies con-
tributed to the conclusion that there is currently no
evidence of mercury toxicity in infants, children, or
adults who are exposed to thimerosal in vaccines and
that there is no reason to change current immuniza-

. tion practices with thimerosal-containing vaccines on

grounds of safety. This conclusion is particularly
important for developing countries that administer
thimerasal-containing DTF vaccines according to the
expanded immunization schedule,
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TWO MINORITIES SPUR RAPID 1.5, GROWTH

“Explosive growth among Hispanic and Asian-Americans propelled a surge in
the United States population from 2000 to 2003 to nearly 300 million people, the
Census Bureau reported on Monday. The number of pecple of Hispanic descent,
the nation’s largest minority group, rose to 39.9 million, a 13 percent increase from
April 2000 to July 2003, the agency said: That far outpaced the 3 percent increase
in the American population during the same time, to 290.8 million. Asian-Ameri-
cans were the next fastest growing among, the large minority groups, up 12.6
percent, to 11.9 million, while the black population rose nearly 4 percent, to 37
million. About 4.3 million people listed themselves as of more than one race, up

10.5 percent from 2000.”

Associated Press. New York Times. June 15, 2004
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that are recognized but, instead, the hydrogen per-
oxide produced when urate is degraded by urate
oxidase (uricase). Because mice express urate oxi-
dase, hydrogen peroxide may be the murine “ult-
mate danger signhal.” However, some questions re-
main. Is the effect specific to hydrogen peroxide, or
do other reactive oxygen species such as hydroxyl
or superoxide suffice? Is there a role for catalass and
glutathione peroxidase, which rapidly degrade hy-
drogen peroxide? Knockout mice lacking xanthine
oxidase have been generated (but they are “runted”
and die by six weeks of age)?; do they lack the zbil-
ity to respond to danger signals? Can human cells
respond to urate crystals? Can such cells respond

rificed when xanthine oxidase expression was lost?
All these questions can be approached experimen-
tally. We look forward o the answers and suspect
that further complexity awaits.

Keith R. Jerormne, M.D., Ph.D,
Lawrence Corey, M.D.

Fred Hunrhi 1 Cancer R h Center
Seattle, WA 93109

1. ShiY, Evans JE, Rock KL. Molecular identification of a danger
signal that aferts the immune system to dying cells. Natore 2003;
£25:516-21.

2 Votbach €, Seriven A, Capecchi MR. The housekesping genc
santhine oxidoreductase is necessary formilk fardroplet enveloping
and seoretion: gene sharing in the lacating mammary pland, Genes
Dev 2002;16:3223-35.
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to reactive oxygen species, or was this pathway sac-

Autism and DPT Vaccination in the United I(ingdom

To THE EDiToR; On the basis of information record- cination be given at two, three, and four months of‘
ed in the General Practice Research Database in the age in the United Kingdom.
United Kingdom, we previously reported that the For this analysis, we excluded 4 of 126 patients
. risk of receiving a diagnosis of antism between twe  with autism (and their contzols) and 17 additional
and five years of age was four times as high among controls for whom we could not ascertain the po- -
boys born in 1993 as among boys bom in 1988.! mary DPT vaccination schedule because the child's
We presented evidence thac this increase had no re- medlcal history was not recorded in the General
lation to the use of mumps, measles, and rubella”,  Practice Research Database from the time of birth.
vaccine, a finding similar to that reported by Mad- . Among the remaining 122 patients with autism and
senetal. in the joumel in 2 study based on datafrom 587 controls, 117 patients (96 percent) and 561 con-
Denmark.z We recently reported on a study of 126 trols (96 percent) had three primary DPT vaccina-
cases of autisrn in boys two to fouryears of agewho  tions. Three DPT vaccinations were recorded by six
were born between 1990 2nd 1998 and 624 controls  months of age in 112 of the patients (92 percent)
{matched for age, séx, géneral practice, and the in- and 518 of the controls (88 percent), which was not
dex date of the case), in which we found evidence a significant difference (odds ratio, 1.6; 95 percent
that the increase in the incidence of autism in the confidence interval, 0.7 to 3.3; P=0.23). The same
United Kingdom was related to changes in diag- proportion of patients (2 percent) as controls {2 per-
nostic practices.? cent) received separate component vaccines as their
Because it has been proposed rhzt the devel- ptimary immunization (e.g., three diphtheria-teta-
opment of autism may be associated with exposure  nus vaccinations and three pertussis vaccinations).
to mercury in vaceines containing the preservative - Our results are in close agreement with a sepa-
thimerosal, we further anazlyzed data from our re-  rately conducted cobort analysis of data from the
cent case—control study to evaluate the effects of General Practice Research Database, recently pre-
exposure to diphtheria, pertussis, and tetanus (DPT)  sented by Elizabeth Miller to the U.S. Instituee of
vaccines, which are the only thimerosal-contzin- Medicine,* which showed no evidence of an in-
ing vaccines routinely used in the United Kingdom.  creased dsk of autism or ether developmental prob-
Since 1990, it has been recommended that DPT vac-  Jems related to exposure to thimerosal in vaccines

2722 N ENGL ] MED 3§0;26 WWW.NEJM.ORG  JUNE 24, 1004
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given to infants in the United Kingdom. Taken to-
gether, these findings provide further support for
the view that exposure to mereury in vaccines is not
the cause of the rising incidence of autism diagnosed
in the Unjted Kingdom during the past decade,
Hershel jick, M.O.

James A Kaye, M.D., DrP.H.

Boston University School of Medicine
Lexington, MA 02421

Editor's note: The authors report serving as consult-
ants to 2 law firm representing 2 vaceine manufac-
turer in litigation over alleged harm from exposure
to vaccines.

1. Kaye JA, del Mar Melero-Montes M, Jick H. Mumps, musles,
and rubella vaccine and the bocidence of gub dby g
practitionery: 2 time trend analysis. RM) 2001;322:450-3.

1 Madeen KM, Hviid A, Vestergaard M, etal. A population-based
mudy of measles, mumps, and rubella vaceination and autism.
H Bngl) Med 2002,347:1477-81,

3. Jick H, Kaye JA. Epidemioiogy and possible causes of auiem.
Phannucotherapy 2003,23:1524-3G,

4. Miller B. Exposure to thimerozal-containing vaccines in UK chil-
dre and antism. Presented at the Lmmunizaxion Safety Review Com-
mittee Meeting 9 of the Insgtute of Medicine, Washington, D.C.,
February 9, 2004. {Accessed May 20, 2004, at hap:fiwvw.iom_edu)
subpage.2zp?id=18065.) '
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Thimerosal and the Occurrence of Autism: Negative Ecological Evidence
From Danish Population-Based Data

Kreesten M. Madsen, MD*; Marlene B. Lauritsen, MD§; Carsten B, Pedersen, Msc§;
Poul Thorsen, MDD, PhD*; Anne-Marie Plesner, MDD, PhI3Y; Peter H. Andecsen, MDY, and
Preben B. Mortensen, MU, DMSc§

ABSTRACT. Objective. It has been suggested that
thimerosal, a mercury-containing preservative in vac-
cines, is a risk factor for the development of autism. We
examined whether discontinuing the use of thimerosal-
containing vaccines in Denmack led to a decrease in the
incidence of autism.

Design.  Analysis of data from the Danish Psychialric
Central Research Register recording all psychiatric ad-
missions since 1971, and ali outpatient contacts in psy-
chiatric departments in Denmark since 1995.

Patients. All children between 2 and 10 years old
who were diagnosed with autisat during the peiod from
1971--2000,

QOutcome Megsures. Annual and age-specific inci-
dence for first day of first recorded admission with a
diagnosis of autism in children between 2 and 10 years
old.

Results. A total of 956 children with a male-lo-female
ratio of 3.5:1 had been diagnosed with autism during the
period from 1971-2000. There was no trend toward an
increase in the incidence of autism during thal period
when thimerosal was used in Deamark, up through 1990.
From 1991 vatil 2000 the incidence iacreased and contin-
ued to rise aftexr the removal of thimerosal from vaccines,
including inceeases among children born after the dis-
continuation of thimerosal.

Conclusions. The discontinuation of thimerosal-con-
taining vaccines in Denmack in 1992 was followed by an
increase in the incidence of autism. Our ecolegical data
do not support a corzelation between thimerosal-contain-
ing vaccines and the incidence of autism. Pediatrics 2003;
112:604 -606; anlism, vaccine, thimerosal, wmercury, popu-
lation, epidemialogy.

ABBREVIATIONS. ICD-5, tiernational Classification of Diseases,
Eightht Revision; 1CD-10, International Classification of Diseases, 10th
Reviston.

From the "Danish Epidemiciogy Scence Centre, Department of Epidemd-
atogy ad Social Medicine, University of Aarhus, Denmark; {institute for
Basic Psychiatric Research, Department of Psychiaimic Demography, Psy-
chiatric Hospital in Aarhus, Risskov, Denmark, §National Centre for Reg-
ister-Bazed Research, University of Aarbus, Aachus, Denmark; and the
TState Senum Institute, Bepartment of Medicine, Copenhiagen. Denrnack.
Received for publication Dec 12, 2002 accepted May 8, 2003.

Reprint requests to {K MM } Ganish Epidemiology Science Centre, Ekepart-
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here has been concern that there may be an

association between thimerosal, a vaccine pre-

servative that contains ethy! mercury, and neu-
rodevelopmental  outcomes, including autism.!?
lindings in the field of methyl mercury have been
used to suggest causality. Prenatal exposure to low
doses of methy! mercury has been associated with
subtle neurodevelopmental abnormalities in some
studies,>* and symptoms of autism and methyl mer-
cury intoxication have been claimed to be similar.!
More tesearch has been requested,® and a recent
study of the concentrations of mercury after expo-
sure to thimerosal-containing vaccines concluded
that thimerosal poses very little cisk to full-term in-
fants® In Denmark, thimerosal was used in child-
hood vaccines from the early 1950s until 1992, The
objective of our study was to assess the incidence
tates of autism among children between 2 and 10
years old before and after removal of thimerosal
from vaccines to see if the discontinuation led to a
decrease in the incidence of autism.

PARTICIPANTS AND METHQDS

For this study, the period of use of thiwerosal vaccines was
himited to 1961 until its discontinuation wn Macch 1992 because
irformation about the diagnnsis of autism has only been obtain-
able from a nationwide computerized registration system, the
Danish Psychiatric Central Reseacch Register,” since 1969 and only
children born in 1961 or later were al risk of developing autism
before 10 years of age. Thitnerosal was used during 1961-1970 in
the diphtheria-tetanus pertussis vaccines given in 4 doses when
the child was 5, &, 7, and 15 months old, and during 1970-1992 ia
the wholecell pertussis vaccines given in 3 doses when the child
was 5 weeks. 9 weeks, and 10 months old. The concentrations used
in the vaccines frorn 1961-1970 and from 1970-1992 were 0.01% =
0.1 mg thimevesal, which equals 50 pg ethyl mercury per miL
vaccine, The amount of vaccine given was 1 mlL, except for the first
dose of monocomponent pertussis vaccine where it was only 005
wl from 1970-1992. This means that children who followed the
full vaccination program during the period 1961-1970 had re-
ceived a total of 400 kg of thimerosal or 20G ug of ethyl mercusy
by the age of 15 months and during the period 1970-1992 they had
received a total of 250 pg of thimerosal or 125 pg of ethyl mercury
at 10 months of age. In Mazch 1992 the {ast batch of thimerosal-
contairung vaccine was released and distributed from Statens
Serum lnstitet in Denmark. Alf vaccinations were given free of
charge and acceplance of vaccinations in Derunark has always
béen very high: from 1979 onward data on vaceination coverage
was available and coverage rates of >90% were found (informa-
tion was obtained from the State Serum [n.shtute} Whether the
toxicity of methyl mercury and ethyl mercury is the same remainis
cantroversial®? but the recommended safe intake level of metliyl
mercury is estimated {6 be 0:1 ug/kg body v ht/day by the Us
Environmental Protection Agency:? However, other federal reg-
ulatary agencies have recmrlmmded sllg’h Iy higher keVels 3
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Psychiatric inpatient treatment in Denmark has been reported
to the Danish Psychiatric Central Research Register since 1969,
and since 1995 outpatient activities weve registered as well, pro-
viding the opportunity to examine long-term trends of the occur-
rence of aufisim i a tota! nahenal population. In Denmark, inpa-
tients refer both to children who stay at the hospital overnight and
ta children who come to the hospital on a daily basis for evalua-
tion and treatment. The proportion of oulpatient to inpatient
activities was about 4 to 6 fimes as many outpatients as inpatients
with variations acvoss time and age bands. We obtained informa-
tioa on all children who from the second birthday up to, but not
including the 10th birthday were diagnosed with autism in the
period from fanuary 1, 1971 to Becember 31, 2000 in the Danish
Usychiatric Central Research Register during which period the
register is assumed 10 be complele. The diagnosis of autismn in
children <2 years of age was constdered uncertain. All individuals
in Denmark are assigned a unique personal identification num-
ber't which is used in all national registers. Adimissions to psy-
cldatric hespitats in Denunark are coded using this CPR-number,
which efiminates the risk of double-counting of cases. The date of
onset was defined as the first day of the first admission leading to
a diagnosis of psychosis proto-infantilis (nternational Classification
of Diseases, Eighth Revision [fCD-8]: 293.00) or psychosis infantilis
posterior (ICD-8: 299.01) or fram 19% anward, infantile autism
{International Classification of Diseases. 10th Revision [ICD-10]: FB4.0)
or atypicat autism {(f{CD-10. FB4.1).1212

Statistics

Incidence rates were calculated for each year 19712000 using
the age and gender specific number of persons in Denumark as a
denominator. For each year and age band, we calculated the
incidence as the number of people who at that age band and year
was diagnosed with autism for the first time divided by the total
aumber of people alive and living in Denmark at that age band
and year.

RESULTS
A total of 956 children with a male to female ratio
of 3.5:1 had been diagnosed with autism during the
petiod 1971-2000. Figure 1 shows the incidence rates
according to calendar year and age band. The inci-

dence was stable until {990 and thereafter it in--

creased in all age groups until 1999. Generally, rates
were lower in 2000 than in 1999. Further subdivision
by gender had no impact on these results (data not
- shown). In additional analyses we cxandned data
using inpatients only. This was done to elucidate the
contribution of lhe outpatient registration to the
change in incidence. The same trend with an increase

Incidence par 10,000 persons

Calendar Year
_Fig 1. Incidence of autism by age and calendar ‘year. The asttl'ls '
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in the incidence rates from 1990 until the end of the
study perted was seen (data not shown).

There was no lrend toward an increase in the
incidence of autism during the period when thimer-
osal was used up to 1990. The incidence of autism
began to increase in 1991, but continued o rise after
the discontinuation of thimerosal (Fig 1), including
increases among children born after 1992 {ie, the
peak autism incidence in 1999 among children aged
2to4 and 5 to 6 years of age corresponds to children
born in 1993-1997 aftec the introduction of thimero-
sal-free vaccines).

PHSCUSSION

‘This study investigated if the discontinuation of
thimerosal-containing vaccines paralleied a decrease
in the occurrence of autism. The incidence of autism
remained fairly constant during the period of use of
thimerosal in Denmark, and the rise in incidence
beginning in 1991 continued even in the group of
children born after the discontinuation of thimerosal.
The amount of thimerosal used in vaccines changed
during the study period with less amount of thimer-
osal administered in the period 1970-1992. More-
over, the thimerosal-containing vaccine was gradu-
ally phased out meaning that the incidence rates
should dectine gradually if thimerosal has any im-
pact on the development of autism. However, an
increase (rather than a decrease) in the incidence
rates of autism was observed.

Only very few incidence studies of autism have
been made, and we found simular incidence rates-and
the same trend of increasing rates of autism in our
study compared with studies conducted in other
countries. 15 The increase in the incidence of autism
from 1990 on may be attributable to more attention
being drawn to the syndrome of autism and to a
change in the diagnostic criteria from the [CD-8 to
the ICD-10 in 1994, Also, outpatient activities were
included in the Danish Psychiatric Central Research
Register in 1995 and because many patients with
autism in former years have been treated as outpa-

" tients this may exaggerate the incidence tates, simply

because a number of patients attending the child
psychiatric treatment system before 1995 were re-
corded for the first time, and thereby counted as new.
cases in the incidence rates.

CONCLUSIONS
The discontinuation of thimerosal-containing vac-
cines in Denmark in 1992 was followed by an in-
crease in the incidence of autism. Our ecological data
do not support correlation between thimerosal-con-
taining vaccines and the incidence of autism. Qur
data cannot, of course, exclude the poas:bnhry that

thimerosal at doses larger than used in Denmark

may lead to neurodevelopmental damage.
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FAT BABIES AND HEALTH

“In a recent issue an English contemporary calls attention to the mischief that is
being done by the present standard that is accepted as regards healthy babies. As
this paper well says, at baby shows the prize is practically always given to the
fattest baby. There is a tradition current among mothers, as far as the memory of
man runneth, that fat babies are just the pink of perfection. The surest index of this
is that all manufacturers of artificial infant food advertise their wondrous virtues
by photographs of thoroughly rounded, and at times positively obese dumplings -
of babies. Mothers are very proud of their young hopefuls if they are a mass of
curves and dimples with deep folds at all the joints and cushions of fat that conceal
their anatomy so effectively as to make them formless little masses of humanity.”

JAMA 100 yenrs ago. JAMA. WX13289:1866

Editor's Note: Not much change in 100 years! Will we ever wia this one?

Noted by JFL, MDD
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Autism and Thimerosal-Containing Vaccines
Lack of Consistent Evidence for an Association

Paul Stehr-Green, DrPH, MPH, Peet Tull, Michael Stelleld, MD, Preben-Bo Mortenson, DriMedSC,
' Diane Simpson, MD, PhD

.Bad(gmund: In 1999, concerns were raised t.hat vaccines conmining the preservative Thxmcmsal""

Methods:

~ Results:

might increase the risk of autism and/or other nerodevelopmental disorders,

Between the mid-1980s through the late-1990s, we compared the prevalence/incidence of
autism in California, Sweden, and Denmark with average exposures to Thimerosal
containing vaccines. Graphic ecologic analyses were- used to examine population-based
data from the United States {national immunizadon coverage surveys and couns of
children diagnosed with autism-Bke disorders seclung specal edocation services in
Californja); Sweden (natonal inpatient data on autism cases, natonal vaccination coverage
levels, and informaton on use of all vaccines and vaccine-specific amounts of Thimerosal);
and Denmark (national registry of inpatient/outpatient-diagnosed autisin cases, national

. vaccination coverage levels, and information on use of all vaccines and vaccine-specific

amounts of Thimerosal). -

In al} three countries, the incidence and prevalence of autism-like disorders began 1o rise
in the 1985-1989 period, and the rate of increase accelerated in the carly 1990s. However,
in congast 1o the sinmtion in the United States, where the average Thimeroesal dose from
vaccines increased throughout the 1990s, Thimerosal exposures from vacdnes in both
Sweden and Denmark—already low throughout the 1970s and ]9805—bcgan to decrease

" in the late 1980s and were eliminated in the early 1990s.

The body,of existing data, including the ecologic data presented herein, is not consisu:m
with the hypothesis that increased exposure to Thimerosal-containing vacdnes is responsible
for the apparent increase in the rates of autism in young children being observed worldwide,

Page 16 of 44
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introduction

n june of 1999, concerns were raised that children

' Ivaccinatcd with products containing the preserva-
tive Thimerosal™ could receive doses of organic
mercury (specifically, the thiosalicylate salt of ethylmer-

cury) that cxcecdcd existing puidelines for intake of

methylmercury.’ These concerns were based on exwrap-
. olations from thc known effects of prenatal methylmer-
cury exposure. * Because there arc limited dam on the

Fror the Depaniment of Epidemiolugy, School of Public Healih and
Community Medicine, Universiy of Washinpron (StehiGreen), Se
aale, Washingion; Natonal Board of Health and Welfare (Tull),
Sinckhobm, Sweden; Sunens Serum Insutut (Suelifeld), Copenhagen,
Denoark; National Centre for Register-Based Research {Mortenson},
Aarbus, Denmark; and National Jsamunization Program, Centens for
Discase Control and Prevention {Simpson), Atianm, Georgria
Address correspondenct 1n: Paul Sichr-Green, DrPH, MPH, De-

parunent of Epidemiology, University of Washingon, Scheol of

_ Public Health andd Community Medicine, 6305 Blue Mountain Road,

Port Angeles WA 98%62. E-mail: psichrgreen@worldnetail net

Address reprin{ requesis 10; Diane Simpson, MD, National Immu-

nimtion Program, Centers for Disease Control and Prevention, 1600
Clifton Road, Mailsiop E-62, Alana GA 30538,
The full teat of thix aricle is available via AJPM Online al
" wuww.ajpm-onting.neL

Am ] Prev Med 2003,25(2)

® 2003 American Journal of Preventive Medicine « Published by Elscvier Ine.

toxicology and pharmacokinetics of Thimerosal and
ethylmercury, for the purpose of these exurapolations it
was assumed that many features of the toxicity of
cthylmercury were quahmtwcly similar to those of
methyimercury.!

It was subscquentdy sugpested that the apparcnt
increase in the incidence of autism in the United Stawes
in the 1990s occurred at about the same time that

" Haemophilus influenzae b (Hib) and hepatitis B (hep B)

vaccines were furst universally recommended {i.e., in
1990 and 199], respectvely), thereby increasing the
average cumulativé exposure to Thimerosal from vac-
cines administered to infants. Prior to that tme, the
only sources of Thimerosal from vaccines on the rec-
ommended childhood bmmunizadon schedule were
diphtheria~tetanus—pertussis (DTP) (Jater replaced by
diphtheria~tetanus~acellular pertussis [DTaP]} and
diphtheria—ietanus (DT) vaccines. Although the maxi-
mum theoretical dose of Thimerosal from vaccines
varied depending on the brand and combination vac-
cines used, most children in the United Smies who
received the four upiversally n:commcndcd doses of

0749-379?/03/}9:& from.mar.;:r 1
doi:) 0.1016/50’?19—3?9? (0330011582

Exh. D-17
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Figure 1. Graphical ecologlc analysis pﬂ:sl:nu:d by Blaxill® to the Insttute of Medicine on July 16, 2001, comparing the estimated
average cumulative dose of mercury exposure in the United States from vaccines, and the estimated prevalence {per 10,000
population) of children diagaosed with avtismr-like disorders sec'kmg special education services for autism in Cahfoma from
1987 to 1998, by birth-year cohort.

*Includes DFT, Hacmophilus influenza B, and bepatits B exposurcs wc:ghtcd by survey year compha.nce.

DTaP/DTP/DT, four doses of Hib, and three doses of (}) “Autism, full syndrome” (no 1CD-9 code speci-
bhep B in 1999 would have received a 237.5 ug cum-  fied); (2) “Autism, residual staie® (no 1CD-9 code
lative dose of ethylmercury by age 2 years. ppcc:ﬁed) or (3) “Autiso suspccted not diagnosed”

In July 2001, the Institute of Medicine (IOM) Immu- . (no ICD-9 code specified).? The graphical presen-

nization Safety Review Committee held a public meet- tation of these data {Figure 1} showed that the

ing to review data and testimony regarding the alieged  number of children in California coded as baving
association of neurodevelopmental effects (indJuding - “3utism-like disorders seeking special education ser-
Jautismm) and Tl-;:mcrosal-conmmng vaccines. At this  yices per 10,000 population remained reasonably
meeting, Blaxill® presented an ecologic analysu €M constant through the mid-1980s, ‘began 1o rise
paring the estimated average cumulative Gose of mer- oy 1y 51 1988, and then began to rise more dramat-
cury exposure (Le., the average ethylmercury dose, jcally in 1990.

alculated by multiplying the amount of Thimerosal in
the ‘various vaccines by the vaccinespecific coverage
rate for U.S. children aged 19 to 35 months, by birth
year cohort) to the estimated prevalence of autism in
children in California per 10,000 population, by birth

As with most ecologic analyses, these data had several
Iimitations. Nonetheless, because of the high level of

health implications, collection of additonal ecologic

year. The prevalence of autism was defined as occur- data 1o further examine this alleged association was
rence of persons with autism or other pervasive devel- performed. In conducting this investigation, we con-
opmena} disorders (PDD}, based on an individualized sulted with public health officials and researchers in
dicnt development evaluation performed atintake into Swe_:dcn and D’cnmark' both ;ountnes have histonically
the California Department of Developmenta) Services ~ Maintined high-guality records on vaccine compo-
regienal -and developmental center system during nents, recommended vaccination schedules, popula-
1987-1998 and coded as International Classification of tion vaccination coverage rates, and the occwrrence of
Diseases (ICD)-9 codes 299.1, 299.80, or 209.88%; or  autism-like disorders,

102 American Journal of Preventive Medicine, Volume 25, Number 2

public interest and the potendally imporant public
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Methods -

In Sweden, data were collected at the national level on cases
of autism {defined as “infantile autzm, induding atypical
avtsm” {ICD-9 codes 290.x for 19871997 angd ICD-10 codes
F84.x for 1997-1998]) diagnosed in inparient settings among
2 o 10 year olds during from 1987 to 1099, Data collection

also included vaccination coverage levels dating back to 1980 .

as well 25 administrative information from the Swedish Inst-
tute for Infectious Disease Conwol for the time period(s) of
use and vaccine-specific amouns of Thimerosal for all vac-
cines used in Sweden.

For cach birth-pear cohort, the average cumwlative dose of
ethylmercury from vaccines was estimated by multiplying the
amount of ethylmercwry in Thimerosal-containing vaccines
used in Sweden by the vaccinespecific toverage mate for

Swedish children aged <2 years. The incidence rate of autism -

was calculated by dividing the number of cases of autism
diagnoscd among 2- to H-year-old inpatienss during 1987-
1999 by the w2l number of person-yean accumulated during
that time period for each annual eohort of children bom
between 1980 and 1996 {multiphied by 100,000 person-years).
Using these data, the ccologic association of the birthyear,
cohonspecific administration of Thimeromlconlaining vac-

cines, and the incidence of avtism requiring bospitalization
among children bormn in Sweden from 1980 to 1996 was

cxamined

In Denmark, we examined data on inddent cases of autism
diagnosed in both inpatient and cutpatient scttings. The data
were from a national registy of children with neurological
disorders and compiled by researchers at the Danish National
Centre for Register-Based Rescarch. This regisuy included
children who had been admitted 1o a psychiauic hospital or
received outpaticnt care prior to 1994 with a diagnosis of
“psychosis proto-infantlis” (ICD8 code 299.00); “psychosis
infantilis posterior” (ICD-8 code 298.01); or, from 1994
onward, “infanile autsm” (ICD-10 code ¥84.0) or “atypical
autism™ (ICD-10 code FB4.1). Data were also collected a1 the
nationa) level on vaccination coverage Jevels dating back w
1981, in addidon to administrative information from the
Danish Smtens Serum Institut for the time period(s) of use
and vaccine-specific amounts of Thuncmsa.l for all vacdnes
used in Denmark

The average curnisldtive dose of cthylmercury from vac-

.cines for each birth-year cohornt was estimated by multplying

the amount of cthylmercury in Thimerosal-containing vac-

cines used in Denmark by the vaceinespecific coverage rate
for Danish children aged <18 months. The number of autism

cases diagnosed among 2 to 10 year olds was 1otled for each

year-between 1983 and 2000. Using these data, the ecologic
association of the birth-year cohort-specific administration of
Thimerosal<ontaining vaccines and the annua! number of
cascs of autism diagnosed between 198% and 2000 among
children aged 2 to 10 years in Denmark was examined.

Resvlts

As shown in Figure 2 the incidence of autism dlag—.

nosed among-Swedish inpatients aged 2 10 10 years old
began 10 increase in the mid to late 1980, rising from
a raie- of 5 1o 6 inpatient-diagnosed cases per 100,000
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- Filed 02/28/2007 Page 18 of 44 _

. personyears before 1985 1o a peak rate of 9.2/100,000

in 1993, This was generally similar w0 the above-de-
scribed trend in California during the same time pe-

. riod. Vaccination coverage has remained high in Swe-

den (i.c., almost always >95% for all agespecfic
antigens) since 1980, but the use of Thimerosal in
vaccines in Sweden decreased and evenmally disap-
peared by 1993. In fact, few vaccines containing
Thimerosal were ever used throughout the history of

childhood vaccination programs in Sweden. The major -

exception was the use of Thimerosaltontaining DTP
(used unt] 1979} and DT vaccines (used until 1992),
both of which contained Thimerosal at a concentration
of 0.01% (i.c., identical 1o the amount of Thimerosal
contained in DTP and DT vaccines used in the United
States). A very small number of children also received
Thimerosalcontaining single-antigen Hib vaccine
and/or acellular permssis vaccines nsed in a clinical
trial prior to 1992. However, since 1992, Thimerosa)
has not been used in vaccines administered as part of
the routine childhood vacdnation program in Sweden,
except for the very small number of children born to
high-risk mothers {(<1% of the annual birth cohort)

who may have received Thimerosal-conmining hep B,

Thus, most ¢hildren in Sweden who received the three
recommended  doses  of Thimerosal-containing

DTF/DT prior to 1992 would have received a 75-pg

cumutative dose of ethylmercury by age 2 years.
-~ As shown in Figure 8, the cxperience in Denroark was

‘sirnilar 1o that in Sweden, where the angual number of
" autistn cases rose from <10 cases among 2 to 10 year

olds before 1990 to a peak of 18] cases in 1999, This
increase, which began around 1990, affected all age
groups aged >2 years and resulted in an estimated
prcvalence of 8.1 cases per 10,000 persons at the end of

2000.% As in Sweden, vaccination coverage in Denmark -

has remained high {i.c., almost always =90% for all
agespecific  andgens) since 1980. In Denmark,

. throughout the period between 1970 and 1989,

Thimerosal was used only in wholecell pertussis (wP)-
containing vaccines at 2 concengration of 0.01% {i.e.,
identcal to the amount of Thimerosal in DT and

pertussis-containing vaccines in the United States and

Sweden). Therefore, children in Denmark who re-
ceived the three recommended doses of Thimerosak
containing wP between 1970 and 1991 would have
received a 125-ug cumulative dose of ethylmercury by
age 10 months. In April 1992, the last batch of Thimer-
osal-containing wP vaccine was produced in Denmark,
and jts use was climinated entirely by the end of 1992.
GConsequenty, the proportion of children who received
a 125-ug cumulative dose of ethylmercury by age 10
months decreased dramatically between 1991 and 1993

~ Thus, the apparent rise in diagnosed autism cases in

Denmark, as in Sweden, occurred during 2 Gme of
decreasing use (and evenmwal elimination) of Thimer-

. osalontaining vacdines.

- Am ] Prev Med 2005;25(2)
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Figure 2. Graphiczl ecologic analysis comparing average cumitlative. eﬂlylmercury dose received from vaccines and the incidence

rate (per 100,000 person-ycars) of autism cases in children aged 2 16 10 years diagnosed during 1987-1999 in inpaticnt seuings - -

in Sweden, by bm.h—year cohort from 1980 1o 1996. (Dam not available for year 1981.) .
Although the data from California are the most

Discussion

" At first glance, since the increasing vaccination cover-

age levels in the United Swmtes in the carly 1990s Gkely
reflect an incrcasmg average exposure to Thimerosal
from those vaccines, the results of the ecologic analysis
presented to the 1OM in July 2001 which showed

proximate increases in audsm madcncc in California,

could be argucd 1o be generally consistent with the
"existence of an etiologic association. On closcr exami-
nation, however, the upward trend in the prevalence of
autism in California (and clsewhere in the United
States) appears to have started, albeit at 2 more mod-
erate rate, in‘the late 1980s—before the increase in
vaccination coverage rates and/or the introduction of
additiona) Thimerosalcontaining vaccdnes {i.e., Hib
and hep B) in the early 1990s. Similarly, the rate of
autism in Sweden also appears v have began to in-
crease in the mid to late 1980s and, in fact, may have
" started much earbier. Population-based data represen-

tative of the -city of Cothenburg (Sweden's second- -
largest city) show an earlier increase in the prevalence . -

of autism and autism-like conditions. {excluding As-
perger syndrome) from 4.0/10,000 children in 31980, 10
.5/10,000 in 1984, to 11.6/10,000 in 1988.7%

104 American Journal of Freventive Medicine, Volume 25, Number 2

. complete data currently available in the United States,

the case definition vsed by the California Department
of Developrnental Services {described above) is some-

what vague and, therefore, difficult 10 verify and/or .

replicate. Furthermore, these data are likely subject to

potential biases. For instance, at least some of the
" increase of reported cases of autism in California may
have been stimulated by the growing availability of

special education services for affected children during
this time period. And even though the data systems in

" Sweden and Denrark achieve a remarkable level of

validity and accuracy, similar confounding influences
or biases may be present. For instance, several external
¢vents in Denmark, summarized below, may have spu-
ricusly increased the apparent number of autism cases,

» Prior to 1992, the dam in the nationalregister did not

“include cases diagnosed in one large clinic in Copen-

hagen (which accounts for approximately 20% of
cases occurring nat.ionwidc_)._

e Prior 10 1995, the autism cases reported 10 the
national register reflected on]y cases dlagnoscd in
inpatient settings. - -
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Figure 3. Graphical ccologic analysis comparing the average cumulative ethylmeraury dose received from vaccines by birth-year '

cohort from 1981 to 1998, and the annual number of incident cases of autisr in children aged 2 to 10 years diagnosed in

Denmark from 1983 1o 2000,

» In 1993, when Denmark switched from coding health
- outcomes using ICD-8 codes to ICD-10 codes, nation-

wide training seminars for clinicians on the new

coding scheme may have stimulated reporting of
autism cases (as well as other health outcomes).

Similarly, the data examined from Sweden rcflected
only cases diagnosed in inpatient settings, for which the
data are readily available. Thus, changes over time in
the rates of diagnosis of autism-like disorders in inpa-
Hent versus outpatient settings may have affected the
ascertainment of cases, and differences in the distribu-
tion of the setting in which diagnoses have occurred
may bave affected the comparability of these resulis
over time and among these three countries.

The apparent increase in diagnosed cases of autsm
may also be due,"at Jeast in part, to changes that have
occurred over time in diagnostic criteria and i increasing -
professionad-and public awareness of autism and re-
lated disorders. In fact, the diagnostic criteria for
Asperger syndrome, Rett syndrome, and childhood

Idisiutcgnﬂve disorder were inwvoduced for the first

time in 1994 as subcategories of PDD.* Of note, these
subcategories of PDD accounted for the largest in-
creases in the reported California cases reflected in the
data used in the ecologic analysis presented to the IOM.

Finally, at least some of the apparent dis&repa.ncy .

berween the California findings and those in Sweden
and Denmark are likely the result of the well-known
shoricomings of ecologic data rather than a reflection
of actual differences in the etiologic process of autism
in these respective countries. Ecologic analyses, such as
those presented berein, represent empirical investiga-
tions involving groups (as opposed to, individual per-
somns) as the unit of analysis. Such studies can be useful
in exploring possible associations, as well as in search-

ing for areas of possible further study, and are relatively -
.e2sy 1o do since group-level data are ofien more readily-

available. However, the greatest difficulty in interpret-
ing ccologic studies Is that of adequately eontrolling
confounding factors due to unavailzbility of data
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and/or methodologic limitations.!® Given the ecologic
nature of the analyses presented herein and the lack of
available deteiled data, we were imnable to investigate
other aspects of this alleged association (e.g., the
specific tming of exposure and/or the onset of autism,
the existence/nature of a lag time between exposure
and disease onset, or the role of genetic predisposition
or other cofacters) or the potential influence of con-
founding factors.

Nonetheless, even though the observed rise in autsm
cases in both Sweden and Denmark during a time of
decreasing use (and evenmal elimination) of Thimer-
osal-containing vaccines in the early 1990s was based on
ecologic evidence (and is, therefore, subject to the
aforementoned limitations), these results provide com-

pelling evidence in sharp contrast to the alleged assos

ciation observed in California, during the same time
period, which was based on similar ecologic data. More
robust smdies are currently being planned at the
- Centers for Diseasé Conwol and Prevention and else:
where to examine the possible association of Thimero-
sal-containing vaccines and nevrodevelopmental prob-
“Jems (including autism) that will be designed o
eliminate (or at least mitigate) these Imitations (W.C.

Thompson, Natiorral Immunization Program, Centers’

for Disease Conurol and Prcw:nnon, personal commu-
nication, 2002).

Conclusion

After considering all the exising evidence, in Septem-
ber 2001 the IOM concluded that “the evidence .is
inadequate o accept or reject a causal relationship
between exposure to Thimerosal from vaccines and . .

. [However,]. . .the hypothesis is b:olog:ca.lly
plauslblc *3) The authors of the JOM study found no
consistent ecologic evidence linking the administration
of Thimerosalcontaining vaccines with an inceasing

incidence/prevalence of autism cases, Thercfore, it is -

reasonable to conclude that the body of existing data,

including the ccologic daw presented herein, are not

consistent with the hypothesis that increased exposure
" to Thimerosalcontaining vaccines zre responsible for
the apparent increases in the rates of autism in young
children being observed worldwide. Rather, it seems
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more plausible that other factors are affecting these

changes, such as those mentioned above: an increased -

recognition of the disorder in the msost and least
developmentally delayed children (ic., compared to
children with 1Qs in the 50 10 70" range) and/or
possibly other as-yct-mndcnuﬁcd environmental or ge-

_netic faclms

Financial support for the compilation of the data nsed m this
investigation and the preparation of this report was provided
by the National Immunization Program, Centers for Discasc
Contro) and Prevention. We are grateful w Victoria Romanns
of the Swedish Institute for Infectious Disease Control, Ingrid
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Plesner and Peter Andersen of the Danish Swtens Serum
Insticut, and Roger Bernicr and Susan Chu of the Centers for

Disease Control and Prevention for their contributions in the
design and conduct of this investigation, and in the prepara-

ton and review of this manuscripr
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| Additional Cellilar Functions of Ghutathione |
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Supplementation in Children with Autism
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Burden in Children with Autistic

Spectrum Disorders
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ABSYRACT )

Large auvtism epidemics have recenlly been repored in the
Uinitedt Staies and the Untied Kingdom. Emerging epidemiologic
evigence an biolngic plausibility suggest an associatian between
auistic spectrum disorders and mercury exposure.

This study compares mercury axcretion atter a three-day
treaiment with an oral chelating agen!, meso-2,3-
dimercaplosucdnic ackd (DMSA), in children with autistic specirum
disorders Bnd 8 matched control poputation. Overall, urinary
mercury concemretions were significantly higher in 221 children
with autistic spectrumn disorders than in 18 normal controls
{Relative Increase (RN =13.15; P < 0.0002). Additionally, vaccinated
cases showed a signlficantly higher wrinary meicury concentration
than did vaccinated camrols (Ri=5.94; P < 0.005). Similar urinary
mercury concentrations were observed among malched vacci-
nated and unvaccinated controls, and no association was lound
betwesn wrinary cadmium of lead concentralions and autislic
spectrum disorders,

The observed winary concenUations ol mercury could
plausibly have resulled trorn thimerasal in ¢hildhpod vaccines,
athough other environmental sowces and thimerosal in AR (D)
irnmune globulin agdminisiered 10 mothers may be contribuory.

Regardiess of the rechanisim by which chiidren with autistic
spectrum disorders have high urinary mercury concenytations, the
DMSA treatment described in this study might be uselul 1o diag-
nose their present burdan ol mercury.

KEY WORDS: auism, aulistic specirumn disorders, chelation,
DMSA, mercury, thimerosal

Background
Recent studies have znnlyzcd the prevalence of zutism from the
mid-1980s through 2002 in the Unitcd Sumcs and the United
Kingdom.” The prevalence of amism is estimated to have risen
from ont inabow 2,500 children in the mid-1980s 10 a5 common as
onc in 150 by 2002. Further, since all of thest swdies find the
prevalence of sutism in males o be four times that of females, the
male prevalenee of this disorder excecds one in 100. These studies
" show that the sise in the prevalence in autistn is genuine and not the
rexult of populstion migration. differences in diagnostic criteria, or
other potential eonfounders,
in 2001, the Instituie of Medicine (HOM) of the Unied Siates
National Academy of Scicnces” dotermined that a link berween
mercury from thimerosal contnined in childhood vaccines and the
recent dramatic increase in peurodevelopment disorders is biologi-
cally plausible, Recent studics demonsirate a strong cpidemiologic

%
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link berween cxposure to mocury from thimerosal contained-in
childhood vaccines and neurodevelopment disorders,™

The purpose of this study was to evaluate the conceatration of
mercury in the urine following a threc-day treatment with an oral
chelating sgenl, meso-2,3~dimercapiosucoinic acid (DMSA), in
children with sutistic spéctrum disorders in comparison 10 &
control population. Forman et al."” have reported on the use of oral
treatmen! with DMSA in children exposed to meallic mercury.
The avthors found that oral chelatiop with DMSA produced a
significant mercury diuresis in these children. They obsetved no

“adversz side effccis of treatment. The authors concluded that

DMSA appears o be an cflective and safe chelating agent for
treatment of pediatric overexposure to metallic niercury. In
addiuon, extensive liierature suppons us safcty in the chelation of
lead from exposed children.

Methods
" This study is a rewospective analysis of 22) consecutive

children with previpusly esiablished sutism spectum disorders
referred and admitted 10 the Intenational Chiid Development

_ Resource Center (ICDRC). Eack child had been diagnosed with

antism (DSM-1V 299.00) or pervasive developmental disorder
(DSM-1V 299 80) by outside physicians. A controf population of 18
children was slso identificd without autism spectrum disorders in
themselves or among their siblings or their first-degree family
members. These healthy children presenied 10 the JCDRC for
eleclive determination of their levels of environmental mercury
exposure at the request aof their families, and are included here for
case comparison, The Arizona Swac University institutional
Review Board approved our retrospective cxawmt:on of cases and
controls in this study.

All children were cxamined to exclude those who had dental
amalgams. Among the 22i cases, all had received their full
scheduled childhood immunizations appropriate for their respec-
tive apes. Among the 18 contsols, 10 children had received their full -
childhood immunization schedules, and 8 children had received no
childhood immunizations because of religious objections.

Informed consent was obiained from both cases and eonlrols for
DMSA chelation treatment. Controls and cases were both chal-
ienged with a three-day oral reatment of DMSA (10 mg/kg per
dost given three times daily). Aficr the ninth dose, the first vaided
morning urine was collecied {when possibic), or an avemight urine
colicclion bap was wom. All laboratory analyses were performed
by the Doctors™ Data, inc., in Chicago, UL The response to DMSA
was measured as micrograms of mercury per gram of creatinine
using inductively coupled mass spectromerry, ang creatinine was
measured using the jaffe method, The laboratory was not informed
whether the specimens were from cases or controls.

In addition 10 the averzll excretion data, several epidemiologic
cast-control studics were tonducied using the available popula-
tions. First, il was possiblt to match 88 cases apainst 16 conrols for
age (within one year} and sex, angd overall posi-DMSA uninary

volumer B Namber 3 Summer 1003
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mercury concentrations were determined. Sccond, it was possible
to mawch 55 cases against 8 vacrinated conools for age, sex, and
vaccine siatus, and overall post-DMSA urinary mercury, cadmium,
and lead concentrations were determined. Finalty, as cpidemiologic
controls, it was possible to match 5 each of vaccinated and unvacei-
nwied conrols for age and sex, and ovenall post-DMSA urinary
merzary, cadmivm, and lcad concentrations were determined.

The statistical packege contained in Excel™ and SISA™ was
employed in this- study. We determined mesms, selative increase
(RI}in mean beavy metal excretion in cases compared with controls
{mean__/mean_ ), standard deviatiop, and siatistical signifi-
cance using & t-test. Our aull bypothesis was thal the popolations
. under study should have similar distributiors of cacreted heavy
metals, and we accepted 3 double-sided P-value of <0.05 as
sutistically significant. -
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statas-maiched conuals {1.08 £ ).12 mcg Hglg creatining). We
desermined that cases bad & significantly higher urinary coacenira~
tions of mercury afice DMBA treattnent than did controls (R1=5.94;
P< 0005, 95% Cl: 1.90 to 8.79). As shown in Table 2, both groups
had similar urinary concentrations of cadmium and lcad afier
DMSA treatment Among our age and sex-maiched bealthy
children, we determined that 5 vaccinated controls had similar
urinary concentrations of mercury, cadmium, and iead afier DMSA
reatment compared with 5 unvaccinaled controls, as is summa-
rized in Table 3.

Nurnber

Popuintion Number | Mean Age | Mean Unnary Mercury
Typa ofBoys | of Gids | inYears {mcg/ ) creatinine
: e : ARanpe) _(Range}
Cases 83 38 625 4.96 1 B.59
{3 10 15} 18 10 58.85)
Controls k14 4 B.BS 1282 1.54
: 10 15 (010 6.2)

Table 1. Summary ol 229 Caaes and 18 Comrols

Resuits
Table | summarizes the number of males and females, mean
pge in years, and aversge mcg Hg/p creatinine afier DMSA
reniment among our 221 cases and 1B controls. Among our 221
«cases the boy:girl ratio was 4.88:1, and among our 18 controls the
boy:girl ratio wes 4:). Urinary mercury concentrations were
significantly higher in cases than in controls {R)=3.15; P < 0,0002;
SUCE1.4304.11),
- In the first pan of our case-controt analysis, we delermined the

mean and standard deviation of the concentrations of urinary

miercury in the 88 cases (5.45 2 10.9 meg Hg/g creatinine) and 16
sge and sex-matched controls (1.45 + 1.57 mcg Hgfg creatinine)
after DMSA weaunent. The urinasy mercury copcentrations were
significantly higher in cases than in controls (R1=3. 76 P < 0.D02;
95% Ck: 1.60106.41).

The results of the second pan of our case-conwrol analyses are
summarized in Table 1. We determined the mcan and standard
deviation of the urinary mercury concentrations in the 55 cases
(6.42 4 12.69 mcg He/p crestnine) and § age, sex, and vaccine-

Heavy Metal anuhnnn Heavy Metal Levet
Expmioed | Examined _[meg/n creatining
WA 55 Cases 6422 12.69
Marcury B Conirols 1083 1.2
Statistical Relatw; t\:reu:? =583
Asseasment :
: 85% Ch 1,90 10 B.79
Cadmium S5 Cases 0.48 « 0.42
Cagmium B Controls 0.36 2 D.22
L Ralative InCroase = 1.3
Statstical Pm0.35
Assessmant Not Signllicant
Lead 55 Cases 182 % 42.3
Lend 8 Conirols 11.8xB6
Statistical Relative InCraase = 1.5
Assessmem P ﬂ'a.u
Np; Signihicant

Table 2. Maictred Cases and Controls Jor Haavy Metal Levels Following
& 3-Day [MSA Treatment

Jowrmal of American Physiciats pnd Swrgouns  Velomr ¥ Nember 3 Summer bR

Heavy Metal Population . | Heavy Metal Level
Examined Exarnined {mcoig craalinine)
Marcury 5 ‘ézmw'm“"ls d Q.70 = 0.71
Merary | © u’&‘;m'l‘:’” 1.98 2240
Siatstical Px035 i
A ners Not Significant
Cadmium | > “c“mm"" 0.42 4027
Cagmium [ © VUvaccinsied 0.50 £ 0.27
Siatistical P=065
Aszessment Nl Signilican
5 Vaccinated
Lead Controls 34,02 101
5 Uinvaccinaled
Lead Controts 16.1 2 A5
Siatistacal Pe073
Assessment Not Sigrificare _|

Tabie 3. A surmmary of # comparison of maiched vaccinaled and urwacci-
nated controis tor heavy meal leve!s Ioliowing a thres-day DMSA reatment

Discussion i

This smdy shows B strong asspciation bcnwec.n increased
urinary mercury concentrations following three days of treapment
with DM5SA and the presence of an autistic spectrum disorder. The
statistically significant association persisis when vaccinaled cases
are compared with matched vaccmatcd controls. No associstion
was found between past- -DMSA urinary cadmium or fcad concen-
trations and autistic spectrum disorders, Lastly, although the study
populations were small, the heavy-metal concentrations measured
in maiched vaccinaied and unvoccinated control children were
small and showed no statistically significant differences in urinary
merrury, cadmiom, end Jeod concentrations followmg athvec-dsy
rcatment with DMSA,

Previpusly, Sumjich ¢ al.” showed that newbom infents had
significant (P < 0.01) several-fold incresses in the blood concenta-
tions of mercury during the 48 1o 72-hour period following
immunization with thimerosal-containing childhood vaceines,
compared with pre-vaccination lovels.

Pichicherp et al."” exomined the concentrations of mercury in
the blood, urine, and swool 3 to 28 days following ihimeromal-
containing vaccines in 40 full-term infants of age 6 months and
younger in compsrison to 2) control infants receiving thimerosal-
free vaccines. The mean mercury doses received by thimerosal-
cxposcd subjects were 45.6 mcp (range 37.5-62.5} for 2Z-month-old
infants and 111.3 meg (range 87.5-175.0) for 6-month-old infants.
Blood mercury concentrations in thimerosal-cxpaosed 2-month-old
infants ranged from less than 3,75 10 20,35 nmol/L; in &-month-old
infants, all values were fower than 7.50 nmol/L. Only 15 blood
samples {rom controls containcd quantifiable mereury.
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_ Concentrations of merciry were low in the unine afier vaccina-
1jun bt were high in the stools of thimerosal-exposed 2-month-old
iofants {mean 82 ng/g dry weight) and 6-month-old infants (meap
58 ng/g dry weight). The authors estimated that the blood half-life
of cthylmercury was 7 days (95% C) 4-10 days). The study was
upable 1o determine the ullimate disposition of most of the mercury
with which infanis were injected.

Onr analysis shows that children who developed autistic
spectrum disorders had significantty preater accumulated mercury
than controls. OQur resulls are similes 1o those of the retrospective
study by Holmes et al.” They observed that there was a significant
relationship berween increasingly scvere sutism and decreasing
mercury Jevels in first baby haircuts in comparison 1o normal
controls. Our results and those of Holmes et al. probably result from
2 decreased ability of children with sutistic spectrum disorders to
cxerete mereuty, resulting in the retention of potentially toxic
mereury levels,

Impaired sulphation is observed in autistic spectrum disorders,
and this biochemical deficil, possibly a pre-existing genetic
coadition, may contribole 10 the observed mercury accumulation,
since the normal mechanism of clearing mercury from the body is
thought to involve the binding of mercury compounds 0
sulfhydry! groups.”

Mercury concentrations in the human brain are six tirnes greater
than the bicod.” This stems from the fact that thimerosal contains
the cthylmercury radical attached 1o the sulfur atom of the thiol
group of salicylic scid, Generally, mercuric ions bind 1ightly but
reversibly to thiol ligands.” W is Jikely, therefore, that the
cthylmercury cation of thimerosal dissociates from the thiosalicylic
acid moiety immediately afier-injection 1o bind 10 the surounding
thiol ligands present in great cxeess in tissue proteins.”

_ The buildup of mercury in the tissues of children is particularly

alarming in light of 2 recent anticle by Baskin et al.™ They have.

examined the toxic cffects of micremolar concentrations of
thimerosal in culmired human eerebral cortical neurons and in
notmsl human fibroblasts. The results demonstrated  that
thimerosal in micramolar concentrations induced membrane and
DNA damoage, and initiated caspase-3 dependent apoplosis in
human neurons and fibroblasts. In addition, the suthors rcport that
thimerosal 10Xicity ™ay occur a1 even lower doscs than those
utilized in their experiments with longer times of exposure. Another
recent study by Makani ¢t 21." has also demenstrated high cefluter
"toxicity of thimerosal in Jow micromolar concentrations in T-cells
incubated with thimerasal for 24 hours. _

- Arecentarticie by Nelson and Bauman®™ siated that the overall
clinical picture of mercurism-from any known form, dose,
duration, or age of cxposurc~docs not mimic that of avtism and
thet no cvidence has yei been brought forward to indicae that
children exposed 10 vaccines contsining mercurials have morc
autism than children with less or no such exposure. However, the
Nationsl Toxicology Program (NTP) within the U.S. Depanment
of Health and Human Services, an inicragency program headquar-
tered at the National Institutes of Health’s National Instiwte of
Environments] Health Stiences (NIEHS), reports that clumsingss,
speech impairment, and emotiona) disturbances are commonly
.observed with both acule and chronic thimerosal exposure. These
mercurisl sympioms arc core to the observed sbnormalitics in
awtistic spectrum disorders. This observation is supported by
Green <t al,™ who recently reponied that elumsiness is 2 com-

™
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monly observed comorbidity in Asperger’s Syndrome, an autistic
spectrurn disorder. :

The results of our present study, combined with the published
observations included above, disagree with the vicws expressed by
Neison and Bauman and support the hypothesis of Bemard etal.”
who have compared the similer biclogical abnormalities com-
monly found in autism and the corresponding pathologics ansing
from mereury exposure. Distinet similaritics were found besween
autisrn and mercury cxposure in their effects upon biochemistry,
the immune system, the ccnual nervous Sysiem  Stucture,
neurochemistry, and neurophysiology.

Another study by Bernard ¢t al.” has further examincd the
relationship between thimerosal and autism. They detcrmined that
thimerosa) was first added te childhood vaccines in the 1930s, and
autism was first described in 1943 among children born in the
1930s, suggesting that autism may indeed be an iatogenic cffect
of thimerosal. '

In addition, Redwood et al™ have reported that mercury
exposure from childhood immunization is » cause for concem
becouse exposure to Jow levels of mereury during critical stages of
development has been associaled with ncurologica) disorders in
children, including sncnuon deficit disorder {ADD), leaming
difficulties, #nd spcech delays.

Marcover, our findings appear to confirm previously published
cpidemiologic evidence showing 3 direet 2ssocistion between
increasing mercary from thimerosal-containing childhood
vaccines and neurcdevelopment disorders in children.™ These
smudies showed whal there was a T™wo lo sixfold, statistically
significant increased incidence of nenrodevelopment disorders
following 3n additional 75-100 mcg dosage of mercury from
thimerosal-containing  childbood vaccincs in comparison 1o
thimerasal-free chilthood vaccines. These stodies showed dose-.
sesponse curves demonstrating a close, statistically significant
correlation between increasing mercury doses from childhood
vaccines and childhood neurodevelopment disorders.

The results of our anglyses suggest thal mercury should be
removed immediately {rom all biologic products, and others have
reached a similar conclusion. Kravehenko et al.” suted, “Thus
thimerosal, cammonty used as a prescrvative, has been found not
only to render its primary toxic cffecy, but aiso [to be} capable of
changing the propenties of cells. This facl suggesis that the use of
thimerosal for the preservation of medical biological prepara-
tions, especially those intended for children, is inedmissible.” Cox
and Forsyth” rcponed, “However, individual cases of severe
reactions 10 thimerosal demonstrate o need for vaccines with an
alicrnative preservative.” Similarly, ~__reactions cat bt capecied
in such a high percentage of merthiolate-sensitive persons that
merthiolute in vaccines should be replaced by amothet antibace-
rialagent.™ Rohyans et o].” revealedin 1984, = Although agueous
merthiolate has been used for years as a lopical antiseptic, s recent
review of ils use by the Food and Drug Admintstration resuited in
its classification as *less than effective.’ Furthermore, iwa of the
ingredicats (thimerosal and borate) in merthiolsie are toxic if
sbsorbed or injecied.” In addition, Scal e1 al.” reporied in The
Lancer, “Thimcrosal is a weak antibacierial agent that is rapidly
broken down 1o producis, including cthylmereury residucs, which
are ncorotoxic. Its role as & prescrvative in vaccines has been
questioned, and the pharmaceutical industry iself consaders its
use 25 historical.” i

11 x)
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Conclusion

Analysis of post-DMSA urinafy mercury cxcretion found a
strong, statistically significant associzuon between greatly
inzréased urinaty mercury concengatioas and the presence of
antisti¢ spertrum disorders in vaccinsted children.

The mercury levels measured in this study could plausibly
have resulted from exposure w mercury in routine childhood
vaccines in the United States, while thimerosa) in Rh,(D) immune
globulin and other potentia) environmenial sources of mercury
muy be contributory.

Ouwr study ix unable 10 detenmine whether the siatistically
significantly hightr urinary concentrations of mercury measured in
cases in comparison to controls is caused by higher exposure to
mercury, reduced ability to cxerete mercury, or a combination of
these explanations, Repgardless of the mechanism by which childsen
with autistic spectrum disorders accumulate high meroury levels,
the DMSA treatment course deseribed in this study appears uscful
and important in deteemining mercury body burden.

The dem from-this smdy, along with emerging epidemiologic
data showing » link berween increasing mercury doses from
childhood vaccines and childhood neurodevelopment disorders,
increases the likelibpod that mercury is one of the main factors
leading to the large increase in the rate of autism and other
neurodeveiopment disorders. N 'is to bc hoped that removing
thimerosal from all childhood vaccines will contribute to a decline
in the numbers of new cases of autistic spectrum disorders.

Unfortnately, as discussed in a recent publication,™ many of
the vaccines recommended for the childhood immunization
schedule contained the full doscs of thimerosal throuph 2002
(FDA, personal communication), and in addition, pediatric
vaccines such as influenza, diphtheria-tetanus (DT), and possibly
others, still contain the full amounts of thimerosal in 2003,
Therefore, it may be quite some time before 2 decreese in the
prevalence of neurodevelopment disorders is seen. .
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Activation of methionine synthase by insulin-like growth
factor-1 and dopamine: a target for neurodevelopmental
toxins and thimerosal : -

M Waly', H Olteanu®, R Banerjee®, S-W Chol®, JB Mason?, BS Parker®, S Sukumar*, $ Shim?,
A Sharma’, JM Benzecry', V-A Power-Charnlisky' and RC Deth’

‘Deparniment of Pharmaceutical Sciences, Northaastam University, Dostan, MA 02115, USA2Blochemistry Deparimant,
Univarsity of Nebraska, Lincoin, NE 68588, USA; Vitamin Melabofism Labomiory, USDA Human Nutrition Research Center
on Aging at Tufls University, Boston, MA 02111, USA; *Sidnay Kimme! Comprehensive Cancer Canter at Johns Hopkins,
Baftmare, MD 21231, USA

Mathylation events piay a critical role [n the abliity of growth factors to promote normal
development. Neurodevelopmental toxing, such as ethancl and heavy matals, interrupt growth
factor signaling, raising the possibility that they might exert adverse siects on methylation,
wa found that insullndlke growth tactor-i (IGF-1) and dopamine-atimulated methionlne
synthase (ME) acllvity and folate-dependent methylation of phospholipids In SH-SYSY human
neurobiastoma calls, vie a Pi3-kinase- and MAP-kinaze-dspandent machaniasm. The stimuls-
tion of this pathway increased DNA methyiation, while Its inhibition incceased melhyialion-
sensllive gene eapression, Ethanol potently Interfared with IGF-1 activation of MS and blocked
Its effect on DNA methylation, whereas it did not inhibit tha effects of dopaming. Metal ions
potently affected IGF-1 and dopamine-stimulated MS activity, as well as folate-dependent
phosphollpid methylation: Cu?* promoted enzyme activity and methylation, while Cu*, PB?*,
Hg** and AP+ were inhlbltory. The ethylmercury-containing pressrvative thimerosal Inhibited
both 1GF-1- and dopamine-stimulated methylation with an [Ca of 10M and eliminated MS
activity. Our findlngs outline a novei growth faclor signaling pathway that regulatas MS activity
end thersby modulates methylation reactions, Including DNA methylation. The potent
inklbition of this pathway by ethanol, lead, mercury, aluminum and thimerasal suggests that
it may be an important target of nsurodevelopmental toxins.

Motecular Psychiairy advance online publicalion, 27 Janvary 2064; doi: 10.1038/g).mp. 4001478

Keywords: aulism; attention daficit hyperaciivity disorder; P13-kinase; D4 dopamine receptor;
ONA melhylation; phosphelipid methylation; kead; mercury

Introduction

Developmental disorders include a spectrum of
neurplogical conditions characterized by deficits in
attention, cognition and learning, frequently accom-
panied by sbnotmal behaviors. Severe deficits may be
recognized at birth, but a failure to achieve standard
milestones during initial years of life remains the
primary basis of disgnosis in most cases. While
the underlying causs(s} rematns obscure for many
developmental disorders, metabolic abnorma-
littes involving purine synthesis {eg Lesch-Nyhan
Syndrome and adenylsuccinate lyese deficiency)?
or impaired methylation-dependeni gene silencing
and/or fmprinting (Rett and Fragile-X syndromes)*
supgest biochemieal mechaniems that may be in.

Cortespondence: RC Deth, Northoastern Unjversity, 312 Mugar
Hall, 360 Huntngton Avenus, Bostan, MA 02115, USA.

E-mail: r.deth@nev.sdu

Racefved 22 July 2003; revisad 30 October 2003; accepied 12
November 2000

volvad. The development disorders can alsc be
caused by exposure to toxins (eg ethanol, in
fetal alcahol syndrome; heavy metals, in lead
potsoning},*® althouph the precise mechanisms un-
derlying their toxicity are not known. The recent
increass in the incidence of autism has Jed to
the speculation that environmenta) exposures includ-
- ing vaccine sdditives {ie aluminum and the ethylmer-
cury-containing . preservative Lhimerosal) might
contribute to the triggering of this developmental
disorder.” .

Normel development is closely related 1o cellular
differantiation, and prowth factor-initisted signaling
promotes  differentiation of pluripotent cells.®
Furthermore, altered patterns of DNA mathylation
end associated gene silencing underlis phenotypic
differences between undifferentlated and differen-

tieted celle.® Together, thess observationa suggest -

that growth factors promote cellular differentiation
by producing effects on DNA methylation. This
suggestion is reinforced by the observation that

Exh. D-20
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1GF-1 and dopamina regulate metiicaine synibase
. MWy ot af

~

blocking methylation interferes with growth factor
response. Y

Mathylation reactions, Lncluding DNA methylation,
ara generally controlled by the ratio of the methyl
donor S-adenosylmethlonine [SAM) to its demethy-
lated product S-adenosylhomocysieine (SAH), since
SAH relains considerable sffinity for methyltzansfer
ase enzymes.'>* Mathionine synthase (M3) exerts an
important influence on the {SAM] to {SAH] retio by
efficiently converting homocysteine to methionine,
usiog S-methyltetrahydrofolate as the methyl donor,
This prohibits the reversfon of homocysteine to SAH,
which is otherwise thermodynamically favored.' In
some tissues, but not the brain, homacysteine can also
be converted to methionine by a betaine-dependent
methyltranaferase. Thus methylation reactions in the
brain are highly dependent on M3 activity.

In addition to the methylation of homocysteine, M$
is also essential for folate-dependent methylation of
membrane phospholipids carried out by the D4
dopamine receptor.*?’ Dopamine activation of the
D4 receptor initiates a four-step cyele of phospholipid
methylation (PLM) in which the side chaln of a
methionine residue in the receptor is adenosylated,
enabling trensfer of its methyl group to the head
group of an adjacent phospholipid. Following the
removal of the adenosyl group by SAH hydralase, M5
provides a new, folate-derived methyl group to the
side chain, thereby supporting dopamine-stimulated
PLM. In light of studies linking attention-deficit
hyparactivity discrder (ADHD) to genetic variants of
the D4 receptor found only in primates,’ we have
praposed that dopamine-stimulatad PLM might play
an important role in attention and in attantion-
initiated learning.'®

In the curreni study, wa investigated the ability of
dopamine and insulin-lke growth factor-1 (IGF-1} to
regulate MS activity and folate-dependent PLM In
8H-8Y5Y human neuroblastoma cells, and found that
they stimulated activity via a PI3-kinase- and MAP-
kinase-dependent eignaling pathway. Furthermore,
we examined the abilily of several neurodevelop-
mental toxins to interfere with this novel mode of
regulalion. Their potent Inhibitory effecta mise the
possibility that impajved M5 activily may contribute
to developmenta]l disorders end to disorders of
attention.

Materials and methods

Phospholipid mathylgtion

SH-SYSY cells were prown in six-well plates in a-
MEM supplemented with 10% FBS and 1% penicii-
lin/sireplamycin/fungizone, After a wash with Hank's
balanced salt solution, cells wars incubated for
30 min in 600 xl of Hank's solution containing 1 2Cifml
[“Clformate (or (‘H-methyllmethlonlne), in the pre-
senca of [GF-1 or dopamine. Drugs or metal salis wera
added 30 min prioc to the period of radiolaheling. The
reaction was terminated by an initial wash with ice-
cold unlabelad Hank's solution followed by 500l
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ice-cald 10% TCA. After scraping, cells were soni-
cated and an aliquot was removed for protein essay. .
Following centrifugation, the pellet was dispersed in
1.5 ml of 2N HCl/MeQR/CHCI, (1:3:8}, vortexed and
allowed 1o sepazate. The lower CHCY, layer was
washed twice with 4004l of 0.1 N KCl in 50% MeOH
and an aliquat counted for radioactivity afler evapora-
tion.’

MS octivity

SH-8YSY cells were scraped, pelleled and frozen at
~80°C prior to essay for MS activity. Approximately
10" cells were resuspended in 1ml of 100mM
phosphate buffer (pH 7.4) contalning 0.25 M sucrose.
Cells were disrupted by sanication on ice gnd the
homogenate centrifoged st 4°C. Assays were per-
formed under anaeroblc conditions, &s described
previousty.®® The reaction mixture contained
100 mM patassium phosphate, pH 7.2, 500 xM homo-
cysteine, 152 xM SAM, 2 mM titanium citrate, 250 M
{6R,5)-5-""CH,-H,fclate end enzyme in a final volume
of 1 ml. Tha reaction was initiated by the addition of
CHax-H.folate, incubated for s0min at 37°C and
terminated by heating at 88*C for 2 min. Rediolabeled
methionine was separated on a Dowex 1-X8 column,
which was eluted with 2ml of water. Control assays,
]i;ﬂ wéich sample enzyme was omitted, served as

anks.

{**C} Farmate Autoradiography

"SH-SY5Y celis in six-wel! plates were incubated with

Hank's solution containing [**C] formate (5 pCi/m!} for
30min and the reaction terminated by the addition of
iml of ice-cold lysis buffer. After scrapping, the
lysate was centrifuged at 30600 x g for 30 min and the
pollet resuspended in 1ml of PBS after which an
aliquot was dissolved in sample buffer and separated
by SDS-PAGE. A blot containing [“C)-labeled mermn-
brane proteins was subsequently analyzed by phos-
phorimaging. .

Global DNA methylation

As described - previously™ DNA was extracted from
cultured ceil peliets using a phenol:chloroform:i-
soamyl alcohol prolocol. DNA (1ug) was enzymati-
cally hydrolyzed by sequential digestion with
nuclease P1, venom phosphodiesterase I acd alkaline
phosphatese, and 20 sl of the digest was injected onte
a reversed-phase analytical HPLC column (Suplex
pkb 100). Isoczatic elution was carried oput with a
mobile phase of ammonium acetste (7 mM; pH=6.7}
and methanol {5% +/v) ln water. For mass specirn-
metry, stable isotopes 15N3 2'-deoxycytidine and
methyl-D3, ring-6-D1 5-methyl-2’-deoxycytidine were
used as internal standards. lons of m/z 126 and 130
wera used to datect 5-mathyl-2'-deoxycytidine and its

- isotopomer, end ions of m/z 112 and 115 were used to

detsct 2'-deoxycytidine and its stable isotope, respec-
tively. DNA methylation status was computed as the
amount of 5-methyleytidine/pg DNA,

Page 33 of 44



Case 3:05-cv-02045-PJH  Document 52-19  Filed 02/28/2007 Page 34 of 44

(Page 3 of 13)

Moethylation-sensitive PCR

MDA-MB-231, MDA-MB-435 and MCF.? cells
{1.5 % 10°} wera plated outo 10 cm dishes and allowed
ta attach overnight prior to treatment with wortman-
nin or LY 294002 for either 16k or 30h. Cells were
then scraped, divided into two aliquots and pellated.
Ons pellet was extracted with TRI REAGENT, to
isolate RNA (for RT-PCR). and the other was lysed in
500yl TNES (10mM Tris pH.8, 150mM NaCl, 2mM
EDTA, 0.5% SDS), for DNA extraction {for methyla-
tion-sensitive PCR}). RNA samples were reverse
transcribed by an initlal reaction with dNTPs and
oligo-DT at 85°C followed by the additlon of DTT,
RNase inhibitor and Superscript [F at 42°C for 50 min
and subsequently 72°C for 15mln to yield cDNA. RT-
PCR wes performed on tha cyclin D2 gene using
primers 5'-CATGGAGCTGCTGTGCCACE (sense) and
5'-CCGACCTACCTCCAGCATCC (antisense) and, as a
contrpl, the 36B4 primers 5-GATTGCCTACG-
CAACTGTTGCA (sense) end 5'-CAGGGGCAGCAGT-
CACAAAGGC (antisense) as deseribed previously.®
For methylatlon-sensitive FCR, samples in TNES
were incubsted with proteinase K (20t of 20my/
ml) overnight at 55°C prior to DNA extractioh and
resuspanslon in TE buffar. DNA samples were then
treated with sodium bisullite. and subsequently
sxtracted using a Wizard DNA cleanup kit, followed
by etharol precipitation and resuspension In ddH,0.
Methylation-sensitive PCR studies were then per-
formed on cyclin D2 using primers specific for
malhylated and unmelhylated DNA. Products were
resolved on 2% agerose gels and visualized by
ethidium bromide staining.

Results

IGF-1 stimulates MS
MS utilizds 5-methyltetrahydrofolate as a required
cofactor, so it is possible to assess its activity in intact
cells by labeling the single-carbon folate pool with
[*C)formete and measuring the subsaquent appear-
ance of labe} in methylated j)ruducts {Figure 1}. Using
this strategy, we evaluated the effect of ICF-1 on
folate-dependent PLM in SH-3Y5Y human neuroblas-
toma cells, Exposure to IGF-1 produced a dose-
dependent increase In folate-dependent PLM with
an EGgn =0.41M, but insulin and IGF-2 did not share
thiz activity (Figure 2a). However, when PLM was
measured using [*H-methy/lmethionine, which by-
passes MS (Figura 1), IGF-1 had no effect, althaugh
cycloloucine, an inhibiter of methjorine sdenosyle.
tion, reduced methylstion (Figure 2b). This specifi-
city of IGF-1 for the stimulation of folate-dependant
PLM suppests an sction at the level of MS. The
tyrosine kinsse inhibitor peaistein blocked IGF-1
stimulation of folate-dependent ¥LM (Figure 2zc),
consistent with an essentlal role for receptor autophs-
sphorylation,

IGF-1 activates both Pl3-kinase and MAP-kinase
signaling in SH-SY5Y cella.? The selective P13-kinase
inhibitors wortmannin and LY294002 caused dose-

IGF-1 and dopanink reguiele mothionle rymthacs

W Waly at of
{“C] Formate
Single-tarbon
folate pathway
[“C| 5-methy|THIF
PH-smetpd] Methtoning s thfonine Wk B3)
\ Synthose
MET HCY
ntri I'Admasl.ne
PRP
SAM SAH
o5y
Meibyl Aceeptor

(e.g. phaspholiplds or BNA)

Figure 1 Folate-depandent and folate-independent PLM,

SAM ‘provides methyl groups to numerous ecceplom,
including phospholipids and DNA. Hs methyl group
origingies from either the fulate pathway in the form of 5-
methylistrabydrofolule {S-methylTHF), vie' M5-depandent
methyletion of homocysieine {HCY} or from methionine
(MET}. 5AH, an inhibitor of mathyl transfsr reactions, is
reveraibly hydrolyzed to h yalsine and adencsine. By
decreasing hemocysteine lavels, MS can promots methylz-
lon.

dependent decreases in the basal level of MS-
dependent PLM and blocked the IGF-1-induced
increase (Figure 2d), PD98058, a specific inhibitor of
MEK {MAP-kinase kinase), also inhtbited the IGF-1-
induced increese of PLM (Figure 28}, In contrast,
inhibition of PI3-kinase or MAP-kinase pathways did
not affect folate-independent PLM, measured with
[*H-msthyllmethicaine (Figuse 2f. Thus, both PI3-
kinase and MAP-kinase activities are raquired for the
IGF-1 stimulation of folate-dependent PLM.

To assess tha influence of IGF-1 on MS, SH-SYSY
cells were troated identically to PLM studies and
aseayed for enzyme activity, measured as the conver-
sion of homocysteine to methionine, As shown in

" Table 1, IGF-1 increased MS activity to 212% of the

basal lavel. Remarkably, wortmannin and PDe80S9
each not only blocked the IGF-1-induced increase but
also sliminated basal enzyme activity. These effects
are in close accord with PLM results and indicate a
critical role for P13-kinase and MAP-kinass signaling
pathways in regulating MS. -

Dapamine stimulotes MS

Dopamine caused & dnse-dependent Increase of
folate-dependent PLM in SH-SY5Y cells with an
ECpe of 0.84M (Figure 3a). Similar to IGF-1, dops-
mins-stimulated PLM was dependent on both Bi3
kinase and MAP kinase, as indicated by the inhibitory
effiects of wortmannin, LY294002 and PD2805S
(Figures 3b and ). S

w
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Figure 2 IGF-1 stimulates folaie-dependent PLM. (a) Folate-dependant PLM, messured with [*CHormate, 4 1GF-1, 1GF-2 or
insulin, (4] Felate-independent PLM, measured wilh [*H-msthyllmetbionine, +IGF-1 {18nM) or the msthionine
adenosyltransfarass inhiblier cycloleucine [2mM). {c} Folate-dependent PLM +1GF-1 [10nM) or gonislein {10aM). (d)
Folate-dependent PLM % P13-kinuse inhibitors wortmannio und LY284002. () Folate-depandenti PLM 1 the MEK inhibitor
PD#8059. (I} Folate-independent PLM +wortmannin (1 pM} or LY234002 (1 uM],

To confirm ditect D4 receptor Involvament in
folate-dependent PLM, cells were labeled with
[“Clformate for 30min and cell membrane proteins
were soparated via SDS-PAGE and then transferred to
a blot for autoradiography. As shown in Figure 3d,
only a single 41kDa protein, corresponding to the D4
teceptor, was radiclabeled undsr these conditions.
Dopamine increased receptor labeling, while labeling
was reduced by clozapine, a D4 receptor antagonist,
and by cycloleucine, an inhibitor of methlonine
adenosyltransfarsse. IGF-1 increased D4 receptor
assocjated radiolabel, consistent with its activation
of MS, while wortmannin and PD98059 blocked both
dopamine- and IGF-1-stirnujated labeling {Figure 3e).
Dopaming Increased MS actlvlty 2.3-fold and the
increass was blacked by wortmannin (Table 1}, When
added in combinetion, dopamine and IGF-1 increased
MS activity 4.5-fold, indicative of separsle but
additive mechanisms of PI3-kinsse activation. Thus
1GF-1 and dopamicie both regulate MS activity, and
IGF-1 promotes folate-dependent methylation of the
D4 dopaming receptor.

Woleculae Paychiasry

Effecis of ethanal

Ethanol inhibits PI3-kinase-dependent [GF-1 signal-
log in SH-8YS5Y cells,** and wa svaluated its effact on
basal, IGF-1- and dopamine-stimulated, folats-depen-
dent PLM. Ethano! potently reduced folate-dependent
PLM activity, and at the highest concentration tested
(0.5% viv}, basal- and IGF-1-stimulated PLM wers
reduced by 87 and 65%, respectlvely (Figure 4a). The
ICs for the [mhibidon of folsis-depsndent PLM
(0.04% or 8.8mM) reflects one of the most highly
ethanol-sensitive responses reported to date. Conver-
sely, ethanol had no effect on folate-independent
PLM, measured with [*H-mathyllmethionine, at con-
centrations up to 0.5% (Figure 4b), When combined
with wortmannin or LY294002, ethano! produced no
additional decreass in PLM (Figure 4c). In MS assays,
8 S0min exposure to 0.1% ethanol reduced the
activity to an undetectable level and thers was no
response to [GF-1 (Table 1). Thus, ethancl potently
interfres with the ability of the IGF-1/PI3-kinase
system to augment MS actvity directed toward
hemacysteine.
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Table 1 MS aclivity in SH-SY5Y human neurcblastoma
cells

Treatmant MS ocn'ﬁ?ﬁ {pmolf
min/mg)
Basal 29.142.7 [100%}
1GF-1 (10aM: 30min) 61.842.6 (212%)
Wortmannin (0.1 gM; 60 main) ND
IGF-1 +wortmannin D
Dopaming (10 uM; 30 min) 741426 (254%)
Dopaming + worlmannin ND
Dopemine +IGF-1 1321477 {454%)
FPDuBDS5S (3 pM; 60min) ND
IGE-1 + PDOBOSE ND
Dopamine + FDOR059 ND}
Ethenc] [0.1%; 60 min} ND
K3P-1 + slhanol ) ND
Dopamine 4 ¢thanol ND

CuCl, (10 uM; 60 min)
IGF-Y 4 CuCl;
Dopamine + CuCly

37.035.4 [127%)
56.8:44.7 (194%)
71.245.8 (244%)

CxCl {10uM; 60 min) 19118 (7%}

1GF-1 4 CuCl 35.3+3.5 (114%)
BPopamine +CuCl 323+33 [111%)
HgCl, {10pM; 80 min) RD
IGF-1 + HgCl, ND
Dopamine +HgCl, NI

PHNO, (10 uM; 60min} 2.7+0.1 (5%}

1GF-1 + PhNO, 28.40.1 {80%]
Dopamine +PbNC, 35.44:2.5 (122%)
Thimerosat {10nM; 60min) ND

1GT-1 + thimerosal ND
Dopamine +thimerosa! ND

*Results are (he mean +sem of raplicate messuremsnts from
two to four separate experiments, NDwno detectable
enzymae aclivity.

In contrast to {ts inhibition of basal- and IGF-1-
stimulated, folate-dependent PLM, ethancl did not
saduce dopamine-stimulated PLM, but instead causad
& moedest increase (Flgure 4d). Since depamine-
stimulated PLM invoives the mathylation of the D4
recoptor, not homocysteine, this implies thei ethanol
impairs the methylation of homocysteine, but not the

Figure 3 4 dopamine receptar-mediated, folata-depen-
deny PLM. (s) Dopamine-stimulsisd PLM measured wilh
(“Clfrmate. (b} Folsle-dependent PLMtdopamine
(10 uM) +worimennin and LY294002, [t) Folate-dependent
PLM + dopamine (10 pM) & PDa8050, {d, #) Auloradiograms
of SH-SY5Y membrane proteins afler & 20min insubation
with [“Clformale. {d) Depamine (DA) (10pM), clozapine
{1gM}, cycloleucine (2mM). (a) Worlmannin (1 M),
FD98058 (1 gM), dopamine (10 xM) and IGF-1 (10aM).
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methylation of the D4 receptor. Indeed, after exposure
to 0.1% ethanol, dopamine ne longer stimulated
homocysteina methylation {Teble 1}. Ethanol there-
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Figure 4 Effects of sthanol on PLM. [a] Felate-dependent PLM +1GF-1 {10uM)tethanol {ETOHI. (b] Folate-indapendant
PLM +ethanol. [c). Folate-dapendent PLM £athanal {0.1%]), worimennin (1 pM), LY294002 (1 xM). (d). Folate-dependent

PLM 4+ doparine (10 xM}+ sthanol.

fore diverts folate-derived methyl groups toward
D4R-medisted PLM, away from homocysteine
methylation,

Effects of metal ivns and thimerosal

Heavy metal exposure during early development is
associated with impeired neurclogical and cogaitive
function,?* and Cu** has been previously shown to
increase Pl3-kinase activity.’® To evaluate & possible
effact of metel ions an MS-de}mndent PLM, SH-3Y5Y
calls were itcubated with Cu?+, Ca*, Hg?* and Fb*+
at a eoncentration of 10xM for 30min prior to and
during [“Clformate labeling in the presence or
sbsence of IGF-1. As shown in Figure 5a, Cu®+
incrazsed besal PLM while other metal iong had no
effact All metals, with the sxception of Cu’,
inhibited the stimulatory action of IGF-1. Pretreat-
ment with penicillamine, which binds Cu®*, com-
pletely sliminated the JGF-1 response. None of the
metel ions affected PLM measured with [*B-methyl]-
methionine (Figure 5b}, indicating thelr specifAcity for
MS-rolatad methylation evenis. Cu* blocked radi-
alabaling of the D4 receptor, while Cu*+ wag without
effact (Figure 5g).

In dose—response studies, Hg** and Pb*+ potently
inhibited JGF-1-stiroulated, folate-dependent FLM
with IC;y values of 15 and 100nM, respectively
{(Flgure 5c). Aluminum Inhibited IGF-1-stimulated
PLM in & biphasic manner, with ICs, values of 0.1 and
200nM (Figurs 5d). Ageinst dopamine-stimulated
PLM, howevar, AP+ exhibited monophasic inhibition
with an ICse of 1500M,

Muolecylar Paychiatey

"It has been suggested that increases in the inci-
dence of ADHD and autism might be linked to the
ethylmercury-cantaining  preservative  thimero-
sal,”*™" a romponent of vaccines formulated in
muitidose containers, Thimerosal potently inhiblted
basal, IGF-1- and dopamine-stimulated, folate-depen-
dent PLM, with a threshold of epproximately 10pM
and an IC, of 10M (Figure Se), and alsa {Jlockad
folate-despendent radiolebeling of the D4R (Figure 5k).
Similar to metal lons, thimerosal had no effect on
folate-independent PLM ([Figure 5b). When Cu?*
(1 ) was added, the extent of thimerosal inhibition
was reduced {Figure 5a), suggesting that heavy metals
compete with Cu®* in the P13-kinase pathway leading
to MS activation,

Thimerosal is composed of ethylmercury bound to
thicsalicylats, s metal chelator that is similar in
sbucture to penicillamine. Thiosalicylate inhibited
TGF-1-stimulated, folate-dependent PLM, albelt with
500- to 100-fold lower potency than thimerosal, but
did not affect basal PLM (Figure 50). This effect of
thiosalicylate was greatly reduced in the presence of,
1M Cu®*, suggesting that the chelatlon of Cu®* may
underlie its inhibitory effect.

Cu®** modastly increased MS activity and did not
interfere with stimulation by IGF-1 and dopamina
{Table 1), Cu* emd Pb** reduced the basal activily by
wora than 90%, but allowed nearly normal increazes
by IGF-1 and dopamine. Thimetosal and Hg** each
reduced MS activity to an undetectable level and
completely blocked stimulatory effects of IGF-1 and
dopamine (Teble 1). Based on these results, the
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Figure 3 Effects of heavy metal ions and thimerosal on PLM. (a} Folate-dependent PLM +1GF-1 (10nM) in Lhe presence of
CuCls, CuCl, HgCly or PhCl, (10 M), or peniciliamine {1 mM). *Significant incrense from controt {P<0.05): **Significant
decrease fram IGF-1 only (P<0.01). (b) Folste-indepandant PLM tcycloleusine (2mM), CuCly, CuCl, HgCly, thimerasal
{10uM). *Significant decresse from control (P<0.01). {v~f) Folate-dependent PLM in the pressnce of IGF-1 (30nM} or
. depamine (10gM)tmercury, Yead, aluminum. Cu* (1pM), thimerosal or thicsalicylate. {g) Radiolabeling of Lhe D4
dopamine recapior in the presence of dopamine {10 M), IGF-1 (10 nM}, CuCl {3 pM), Cull; (1 xM). {h) Dopamina (10 uM),

thimerosal [10nM) and l:GF-l {10 nM).

Inhibitory effects of metal lons and thimerosal on
folate-dependent PLM can be stributed to the
inhibiion of MS activity.

DNA methylation

Since Increased MS activity can lower the levels of
SAH, an inhibitor of methylation reactions, we
examined the influence of IGF-1 and dopamine on
global DNA methylatian status. After a 6h expogure,
IGP-1 increased globel DNA methylation by 107%,
while dopamine caused an increase of 41% [Table 2).
Wortmannin csused & modest increase in DNA
methylation, and blocked IGF-1- and dopamine-

induced increases. Ethanol had no effect on its own
but, similar to wortmannin, blocked the sbility of IGF-
1 to Increase DNA methylation. In contres!, sthanol
did nol block the stimulatory effect of dopamine.
Thus the ability of both IGF-1 and dopamioe to
increase MS activity is associated with substantia)
inereases in DNA methylation, suggesting that P[3-
kinase signaling may alter gene exprassion via this
mechanisn. Moreover, changas in DNA msthylation

paralle] the effects of these agents an folate-depan-

dent PLM, :
.Ta evaluate the ability of P13 kinase to effect DNA
methylation and gene sxpression, we used methyla-
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Table 2 Globat DNA methylatlon in SH-SYSY calls

Druog treatmant Global DNA
methylation®
{ng MeCyt/ug DNA}
Control 1.38 {100%]
IGF-t {(0.10M) 2.87 {207%) .
Wortmanain [0.1 uM) 1,69 {123%}
IGF-1 + worlmannin 1.23 {89%}
Dopamina (10 gM) 1.54 {140%)
Dopamine + worlmannin 1,39 (101%)
Ethanol (0.1% viv) 1.40 [102%)
IGF-1 4 ethanol 0.91 (66%)
Dopamine + ethanol 2.78 (201%)

"Bach datz poinl is the mean of replicale delerminations
from dupticate semples,
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Figurs 8 Msthylaljon-specific PCR [MSP) and RT-PCR
analysis of cyclin D2 following wortmannin and LY 294002
{regtmenl. Colis (MDA-MB-231 and MDA-MB-435) were
Lreatad with 0-5 xM worlmannin (W) or LY 254002 (LY) for
16h. The MSP analysis of cyciln D2 was performed using
primers specific for unmethylated (U} ar methylated (M)
DNA amplification {1). RT-PCR was performed 10 delect
cyclin D2 expressivn and, x¢ & control, the hausekesping
gene 3604 (b}, MDA-MB-435 cells wers Lreated with 0~
10pM of Wortmannin end LY-294002 for the longer Ume
period of 30h, MSP gnalysis (c} and RT-PCR (d} was then
pacformed as shove on the cyclin D2 gene. WBC: whits
blood eell contro) that is unmethylaled and axpresses cyclin
D2. Unirealed MCPF-7 cslls are hamimathylated for cyclin
D2 [a).
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tion-sensitive PCR to determine the methylation
status of the cyclin D2 gene, which contains a
methylation-sensitive promoter.®™ As illustrated in
Figure 8a, & 16h treatment with LY294002, but not
wortmannin, locreased the proportion of demsthy-
lated cyclin D2 promoter in the breast cancer-derived
MDA-MB-231 and MDA-MB-435 cell lines. RT-PCR

‘showed that both wortmannin and LY204002 in-

creased gene exprossion in MDA-MB-435 cells (Fig-
ure Bb). ARer a 30h incubation, wortmannin and
LY294002 both caused demethylation of the cyclin D2z
promoter in MDA-MB-435 cells, along with an
increase In transcription (Figures 8c and d). This
confixms the ability of PI3 kinase to regulate DNA
methylation and gena expression in a non-neural cell
line. .

Discussion

"MS links the singla-catbon folate pethway to the

methionine cycle, and is & potentially important site
for metsbolic control. Nonetheless, thers have been
no prior reports of its regulation by extracellular
signaling pathways. Our studles demonstrate the
ability of IGF-1 and dopamine to increase MS activity
via 3 mechanism that requires the activity of both PI2-
kinase and MAP-kinase pathways. MS activity is a
major determinant of both homocysteine and SAH
lovels, and the efficiency of methylation reactions is
governed by the {SAM] to [SAH) ratin,**"? These
relationships imply that growth factors, by increasing
Pi3- and MAP-kinase activity, can facilitate trans-
methylation reactions, via activation of M5. Conver-
sely, agents interfering with this mechanism will
impair methylation.

Our studies also provide evidence that ethanel,
heavy metals and the vaceine pressrvative thimerosal
potently interfere with MS activation and impair
folate-dependent methylation. Since each of these
agents has been linked to developmental disorders,
our findings suggest that impaired methylation,
particularly impaired DNA methylation in response
to growth factors, may be an important mojecular
mschanism leading to developments] disordars,

DNA methylation is a crucial regulator of gene
expression that has heen linked to several develop-
mental disorders. The majority of Rett syndrome
cases are caused by MeCp2 mutations that intetfera
with MeCP2 to bindlng to methylated CpG sites in the
genome.” As a consequence, Lhe protein complex
necesvary for histone modification and gens silencing
fails to form, leading to dysreguiated gene expression.
Fragite-X syndrome is associated with lacalized
hypermethy{ation of unstahls CGG repeats at fragile
sltes on tha X-chromosome (Xq27.3).* Impaired M3
activity could therefore contribute to developmantal
disorders via altered patierns of DNA methylation.

Growth faclors (eg nerve growth factor, brain-
derived newrotrophic factor and 1GF-1} promots
development of the neuronal phenotyps and supmrt
the function end survival of differentiated nerves,**®
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The capacity to activate simulenecusly both PI3-
kinase and MAP-kinzse pathways is a feature of many
grawth factors.””~" Blocking the methionine cycle (eg
with inhibitors of SAH hydrolase) interfares with
neurctrophic responses,'*”* indicating an essentlal
role for methylation in growth factor action. Since
differences in cellular phenotype reflect varied
- patterns of methylation-dependent gene sliencing, It
{s teasonable to hypothesize that growth factors might
directly or indirectly modulate genamic methylation
status during dsvelopment.

IGF-1 exerts lrophic and antiapoptotic effects on a
wide variety of cell types, and its involvement in
brain development is wall documented.** In addi-
fion to ila neurotrophic action, IGF-1 promotes
differentiation and surviva) of myelin-producing
oligodendrocytes,* en action in which divalent
copper plays an integral role. Thus the chelation of
copper causes demyelination and an upregulation of
1GP-1.” Vitarnin B12 defciancy and chrenic nilrous
oxlde exposure,** both of which impalr MS, alse
causa demyelination, We found that Cu** promotes
MS activity (Teble 1) and protects againat the
inhibitary effects of othar metals (Figura 58), while
Cu®* chelation has an opposite effect {Figures 5a and
B. Thus oligedendrocytes provide a specific example
of how IGF-1, metal {ons and methylation can
combine to affect celluler differentiation and brain
davelopment. . .

During postnate! development, myelinstion is
critical for the specification of fixed connsctions
betwaen brain regions (is hard-wiring), and thers
have been a number of reports of abnormal white
matter [ie myelination} o autism.**=" Neurodavelop-
mental insults affecting rayelination could lead to
abnormal neural connectons, resulting in the en-
‘hencement of certain relationships, but deficlencies
in others. as it frequently observed in autism.
Reduced 1GP-1 levels have been reportad in sutism,'*
which may also contribute to impaired myelination.

Fota! ethanol exposurs, consequent to mnaternal
alcohol uss, leads to the complex disordér known as
fetal alcohol syndrome! Tn humens and animal
models, IGF-1 levels are reduced after fetal ethanol
exposurs, and the decrease is sustained through
postnatal development,®*' Ethano! increases homo-
cysteine levels in animels snd man,’** in association
with irapaired MS activity.™ Ethanol potently inhibits
basal- and IGF-1-stimuleted MS activity (Table 1),
reduces folate-dependent methylatlon (Figurs 3a),
and blecks the ability of IGF-1 to increase DNA
methylation (Table 2). The IC,, for athanol inhibition
of methylation {8 mM) corresponds to blood levels
produced by only one or two drinks, indicating a
potential for adverse effects on methylatlon events
from anly moderata drinking. In & related finding,
1GF-1 has besn shown to promote recovery from
carbon tetrachloride-induced clrthosls, by increasing
DNA mathylation and noralizing gens expression.*

As illustrated in Figure 7, MS has two substrates,
homocystsine and the dopamine D4 receptor in its
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Figure 7 [GF-1 and do&amina regulats M5, Formals
provides carbon sloms o the folate pathway thal ave vsed
for purine wnd thymidine synthesis or are irreversibly
raduced by §,10-methylenetsieahydrofolate  reduclase
{MTHFR) Lo 5-mathylTHF. M8 utillzes S-methy!THF far
Ihe methylation of homocystaine (HCY: right} and the D4
dopamine receptor during dopamine-stimulated PLM (D4R;
left). D4R-medislad PLM requirez the active recepior
confarmatien (indicated by *} and is promoted or inhibited
by seceptor sgonisis ar antagonists, respectively. IGF-1 and
dopamine sugtmeni MS activity via a P13-kimase- and MAP
kinase-depondent meachanism, increasing methionine

synthesls and lowsring SAH levels. Cu*™ promotes MS °

activity, while Pu**, Hg**, Al’~, Cu~ sad lhimerosal
reduce activity, ATP-dependent sdenasylation of methio-
nine by methionine adencsyliransfarase (MAT) forma SAM,
he universs] methyl doror for many reactions, including
CNA methylatdon, SAH bydrolase reversibly catalyzes
adenasine removal from SAH. Abaormelllies Involving
purine synthesis (eg ASL mulations) or adsncalne melabo-
lism {incressed S-nucleoliduse (5-Nisse) or decreased
adenosine deaminase (ADA) activity} can adversely affect
the capacity for methylation and thereby synargiza with
raduced M35 activity.

homoeysteine stats, Dopamine-stimulated PLM, mea-
sured with ["“C)formale, reflects D4 receptor-directed
M5 activity and ethanol Increeses dapamine-stimu-
lated PLM (Figure ad), in contrast to its inhibition of
homocysteine-directed M5 activity (Table 1). These

“results indicate that ethanol promotes the ability of

M5 to utiliza tha D4 receplor as & substrate, while
:iimu!tmabmly decreasing homocysteine methyla-
an.

Dopamine increasss MS activity and folate-depen-
dent PLM in SH-SY5Y cells via a mechanism
tequiring both PI3-kinase and MAP-kinase activation
(Table 1, Figures 3b end c), and this increase will
promate the efficlency of the Da receptor-mediated
PLM cycle, Although the functional role of dopamine-
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stiraulated PLM is not fully understood, the incidence
of ADHD is linked to genetic variations within the D4
receptor gene,™ and it has been proposed that
dopamine-stimylated PLM plays a cenuws! role in
attantion.'® Impairment of MS could therefore ad-
versaly sfect the capacity for attentien and could
contribute to the risk of ADHD,

lead exposurs, particulariy early in life, causes
growth retardation along with impairmeats in atien-
tion and cognitive developmant,® and governmenl
guidslines establish blood concentrations exceeding
500 M as indicative of lead poisoning.™ An increase
in blood lead lavels from 1 1o 10 pg/dl {120-1200 o)
is associated with sn IQ decrease of 7.4 paoints®
Bince lsad imhlbits IGF-l-stimulated methylation
with an IC,, value of 100nM (Figure Sc}, impaired
M5 could contribute to developmental delay and
impairad cognition associated with lead poisoning,

Mercury exposure has bean suggested as a possible
cause of aputism® and methylmercury iz a well-
recognizad neurotoxin.” A blood mercury level of
28 oM has been recommended by the Environmental
Protection Agency as & reference value for defining
toxic exposure,” We found thet inosganic mercury
{nhibits IGF-1-stmulated mathylation with an 1C, of
15 nM {Figure Sc).

Aluminum salls are vsed as vaccine adjuvanis,
based on their ability fo improve dendritic cell
response to presented antigens. The sluminum con-
tent of vaccines varies from 0.125 to 0.85 mg/dose,
which would produce concentrations of spproxi-
mately 0.7 to 4.5 uM, if uniformiy distributed in the
body water of a 7kg infant. Thess concentrations
produce greater than 50% inhibition of both IGF-1-
and dopamine-stimulated methylation, raising the
possibility that aluswinum concentrations prodired
by veccination might adversely affect methylation
events, In lght of the npostance of MS in regulating
DNA methylation®*®® and the central rele of DNA
methylation in development,! we propese that metal
exposures, including lead, mercury and aluminum,
mey contribute to developmental syndroraes via their
inhibitory effects on signaling pathways that regulate
M8 activity.

Thimerosal is an ethylmercury derivative of thie-
salicylate, widaly used as a preservative to block the
grawth of contaminating organisms in biological
products. # was included in most vaceines in the
US untl 1999, when the FDA {nftlated & precau-
tionary program calling for "thimerosal-fres” vaocines,
Maost, but not all, vaccines are now ‘thimssosal-free’,
maankng that they contain less than 0.5 pg thimerosal/
dose.® Thimerpsal inhibits IGF-1 and dopamine-
stimulated methylation with an IC,, near 1nM,
(Figures Se¢ and f), indicating ils potentia} for
disrupting nonmal growth factor contro! ever methy.
lation. Thiosalicylate itself slso iohibited mathyla-

tion, presymably by chelating Cu®*, but was more ~

than 100-fold less potent than thimergsal {Figure 5),
indicating that the ethylmercury in thimerosel i3
responsible for its inhibitory sffect. The presence of

Moctezdar Pyychinry
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added Cu**, however, significantly offsats thimero-
sal-induced inhibition, reflacting competition be.
bwaen promotional asd inhibitory effects of matals
on the Pl3-kinase MS pathway. Thus, the toxicity of
thimerosal in the body may depsnd upon the
concentrations af metal iong that provide eithar
additive toxicity or protective effects on PI3-kinase
signaling. Thimerosal hes been reported to activate
apoptosis in lymphecytes®™ and in celtured human
cortical nevrons,® consistent with the inhibitlon of
the PI3-lnase signaling pathway.

A jingle thimerosal-containing vacclnation p
reduces acute ethylmercury blood Ievels of ip-
30nM,* and blood sampfes in. 2-month-old infants,
obtained 3-70 days aftsr vaccinstion, contaio
3.8-20.8nM ethylmercury™ Our studiss therefore
indicate the potential for thimerssal to cause sdverse
effects on MS activity at concentrations well helow
the levels produces by individual thimerosal-contain-
ing vaccines,

if tmpaired MS activity dees indeed contribute to
neurodevelopmental toxicity, lmitations ln other
pathways that support homocysteine methylation
copld predispose individuais to higher rigk. Since
SAH hydrolase iz reversible, the concentration of

- adenosine determines ths probability that homocys-

teing will ba reconverted to SAH {Figure 7). Adeno-
sine deaminase activity is reduced in autism,* which
would lgad to higher adenosine levels and enhanced
SAH formation. A polymerphism in the adenosine
deaminase gene, thet gives rise to a lower activity
enzyme, is gverrepresented in autism.*** Adenosine
is formed by the sction of 5'-nuclectidase on AMP,
and Fage s! al** found eight- to 10-folt higher 5-
mucleotidase activity in association with an ‘sutism-
like' developmental disorder. Each of these:eutism-
sssociatad metabolic abnormalities could synergize
with reduced M5 sctivity to impair methylation.

Mutations in the adenylosuccinate lyase (ASL) gene
are 3 rarg but penetrant camse of autlem,? Lower
suzyme activily blocks de novo purine synthesis i
conjunction with a massive buildup of preblock
intarmediates that are ultimately excreted in the
urine. As illustrated in Figure 7, increased flux of
folate-nerived single-carbon groups to putine synth-
esis restzicts the availability of 5-methylTHF for MS.
Mareaver, increased flux of single-carbon groups
toward de novo purine synthesis is commonr in
autism,™ as well as in Lesch-Nyhan Syndrome,™
asd this may increase gensitivity 10 neurodevelop-
mental toxing acting on MS.

A recent rise in autlam incidence™ hes wiggered
concerns that an environmental factor might be
promoting developmental disorders. Attention hes
been directed towards vaccines as a possible cause of
the risg, since thece has bsen a significent increase in
the numbsr of required vaccinations since the early
19805.72%*° Diapending ap infant weight and vaccina-
tion schedule, the vaccine-associated dosage of
sthylmercury during the irmitial 24 months of life
approached or exceeded [ederal guidelines for
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methylmercury exposurs.®’ A recent analysis of dsta
from the Vaccine Adverse Event Reporting System,
maintained by the Centers for Diseese Control, found
a significant correlation between the use of the
thimerosal-containing formulation (vs the thimero-
sel-fres formulation) of the Diphtheria, Tetanus and
aeellular Pertussis {DTaP) vaccine and autism.* The
discovery of the PI3-kinase/MAP-kinasa/MS pathway,
and its potent inhibition by developmental nsurotox-
ins, including vaccine caomponents thimerossl and
aluminurn, provides a patential molecular explana-
tion for how increased use of vaccines could promote
an lncrease in the incidence of autism, The increased
incidence of ADHD, which praceded the more recent
rise in sutism, could represent an altsrnative mani-
festition of veccine-assaciated neursdevelopmental
toxicity, since the D4 dopamine recsptor i3 linked to
ADHD" and its PLM function depends on MS.**

There ars important limitations to our findings. We
utilized a transformed cell Jine, and molecular events
in tumor-derived cells might not mirror those In
normal cells, SH-5¥5Ycells are undiffersntiated neu-
ronal precursor cells, 50 it remalns waclear whether
growth factors end/ar dopamine modulste MS activ-
ity and DNA methylation in fully differentiated cells.
On the other hand, undifferantiated cells may provide
a particularly appropriate model system for the study
of developmental disorders, It {3 obvious that bio-
chemical studies under cuttured colls corditions da
nol replicate the complex in vivo environment, in
terms of ambient metal ion concemtrations, redox
conditians and cther factors ibat could influence
methylation events. Further "investigation of the in
vivo and in vitro effects of heavy metals on growth
factor-induced cellulac differentiation is needed.
While our studies focused exclusively on MS- and
methyletion-related events, we can speculate that
other Pl3-kinase signaling pathways may salso be
sffected by matel ions.

In summary, IGF-1 and dopsmine activate methic-
nine kinase in SH-SY5Y human neurablastome cells
via a PI3-kinsse and MAP-kinase-dependent mechan-
jsm, and the activation is associated with increassd
DNA methylation. Several neurodevelopmental tox-
ins inhibit this newly recognized pathwey with
remarkable potency, suggeating that their pathological
effécts might result fom interrupiion of growth
factor-initiated increasss in DNA methylation and
normal epigenetic regulation of gane expression.
Further studies are neadsd to establish the functional
significance of regulated MS activity and to evaluats
the possibility that vaccine components (ie thimerosal
and aluminum) may have contributed to the risk of
autism, ADHD and other developmentzl disordars.
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