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A Case—Control Study of Non-Hodgkin Lymphoma and
Exposure to Pesticides

Lennart Hardell, so. eno’ BACKGROUND. The incidence of non-Hadgkin I].mphl:-rn:l. (MHL} has increased in
Mikael Eriksson, mo., rn?

mast Weslern countries

' Deparement of Onedlogy, Gretrn Medical Center. are established risk Factors. In lEIHl the authars reported an increassd nsk for NHL
retie, Swedn.

? Depariment of Oncokdy, Univershy Hespital ; - 1 - ; :
Lund, Sweden elucidate the importance of phenoxyacetic acids and other pesticides in the etiol-
ogy of NHL

RESULTS. Increased risk for T s Tt o o ects exposed o herbicides

'odids ratsn []H ? I 5; %% confidence interval -.f 1.0-2 5) and .un|.__.-'.||.1L5 (OR, 1.7
5% CI, 1.1-11.01. Among herbicides, the phenoxyacetc acsds dommated (OH, 1.5:
5% CI, 09-24); and, when subdasafed one of these, 4-chloro-2-methyl phe-
noxyacetc acid [(MCPA], turned out io be significantly associated with NHL (OH,
27, 95% O, 1.0-69). For several categorses of herbicides, it was noted that only
exposune dunng the most recent decades before diapnosis of NHL was assocated

following exposure to certain pestcides. The cument study was desipned to ferther

with an mcreased risk of NHL. Exposure to impregnating agenis and insecticides
was, at most, only weakly relaied to MHL.
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Figure 1. Agricultural exposure drives a dramatic increase of t(14;18)+ clones in blood

Agopian et al. Journal of Experimental Medicine
2009:206:1473-1483

Evolution of t(14;18) frequency in PBMCs
from control and exposed populations

Clonality analysis

For each individual, independent BCL2/JH
clones are pictured in distinct shades

© 2009 Agopian et.al.




Agopian et al. Journal of Experimental Medicine
2009:206:1473-1483

transcribing BCLZ2 from the translocated allele

.ilgenebcl 2 e
espresso nella zona
follicolare .. ha un ruolo
fisiologico importante:
blocca |I’apoptosi nei
cloni linfocitari destinati
a diventare cellule di
memoria, ma puo
essere attivato anche in
cellule della corticale
mediante diversi
meccanismi: il principale
e la traslocazione
t14:18.. che puo porre il
gene sotto il controllo
del promoter delle Ig o
del TCR

in altri casi di linfoma follicolare il gene espresso
iIn modo eccessivo anti-apoptosi) e il Bcl 6..

© 2009 Agopian et.al.
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C-Myc influences the
transcription of a variety of
proteins involved in cell
cycle regulation, apoptosis,
cell growth, cell adhesion,
and differentiation
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ENVIRONMENT

We found significant associations between cutaneous
melanoma and maneb/mancozeb (= 63 exposure days:
OR =2.4; 95% CI, 1.2-4.9; trend p = 0.006), parathion (=
56 exposure days: OR =2.4; 95% ClI, 1.3-4.4; trend p =
0.003), and carbaryl (=56 exposure days: OR = 1.7,

95% ClI, 1.1-2.5; trend p = 0.013).

EPIGENETICS







Worldwide Melanoma of Skin Cancer
Incidence - 2008 Globocan.svg
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Most skin cancers
do not run in families...

= _

EPIGENETICS ?

M. is common among Caucasians living in sunny
climates, with high rates of incidence in Australia, New

Zealand, North America

If melanoma occurs in
African or Asian people
they are mostly a type that
occur on the feet

NURTURE

ENVIRONMENT ?




Melanogenesis prevents the indirect DNA damage that is responsible
for the formation of malignant melanoma and other skin cancers

Although, in general, human beings

possess a similar concentration of
melanocytes in their skin, the
melanocytes in some individuals

and ethnic groups more frequently
or less frequently express the

melanin-producing genes >

Cyclobutane pyrimidine dimer

EPIGENETICS ?
Albinos lack tyrosinase




RAPIDLY

CHANGING
ENVIRONMENT

Worldwide, doctors diagnose about

Since 1972, rates of malignant 160,000 new cases of melanoma yearly.
melanoma have roughly doubled The diagnosis is more frequent in women

for women and tripled for men. EPIGENETICS !




ENVIRONMENT

Of 91,965 women followed up for 12 years, 5949
had a history of endometriosis, and 363 were
diagnosed with melanoma during follow-up.

History of endometriosis was a significant risk

factor for development of melanoma (RR, 1.62;
95% confidence interval [Cl], 1.15 - 2.29).

Women with a history of fibroma (n = 24,375) also

had a significantly increased risk for melanoma vs
those with no such history (RR, 1.33; 95% CI, 1.06 -

1.67).

EPIGENETICS




To the best of our knowledge, our findings are the first to suggest
a possible association between OCPs other than DDE

and endometriosis, particularly the aromatic fungicides.

The findings add to the existing literature that suggests other

hormonally active environmental chemicals such as PCBs
and dioxin may affect likelihood of endometriosis.







After adjustment
for age (< 65
years of age vs.
= 65 years),
race/ethnicity,
BMI, education,
smoking,
NHANES data
cycle, and matrital
status, the
trends for

prevalence of

prostate cancer
remained

significant for
three of six OC
pesticides
including
B-HCH, trans-
nonachlor, and
dieldrin




The fact that only occupational exposure was related to

neurologic outcomes (MMSE score, Alzheimer’s disease, and
Parkinson’s disease) and that the relation appeared exclusively

In men is consistent with our knowledge of pesticide use in vineyards




The association of pesticide exposure with Parkinson’s

disease suggests a causative role. Repeated traumatic
loss of consciousness is associated with increased risk




ENVIRONMENT

The associations were surprisingly strong.

Women with Parkinson’s disease were one-and-a-half times
more likely to also have a diagnosis of melanoma as were
women without the disease.

The link was even stronger among men: Men with
Parkinson’s were twice as likely to have been diagnosed
with melanoma as were their Parkinson’s-free peers.

No clear link was found between Parkinson’s and other types
of skin cancer.

Liu, R., Gao, X., & Chen, H. (2011). "Meta-analysis of the
relationship between Parkinson disease and melanoma.”
Neurology June 7, 2011 vol. 76 no. 23.













What's Pollution ?




ENVIRONMENT

What’'s Pollution ?

+) $% ) (HY (FS<WPS (0% Y
3.9 " 405 ) 3 ') +DRIBLE%' - | +9 # +7) +$ +5)
()()$@w%%)-'+)5%$-'+$ 1*() *4
B9 OB ), WAIEY - 149 C
6+7+)- 1 +) 6D2H6% %! #(%"#' -
B*() *%@ot! $. " '+$’/b(%'+)$**%’/o
7(g’((&(' C((&('%(( @ ('w(!) )

# (@ (%<$)
M ()()$@fo+' 6- '
3 1+l @m%%'/%{ﬁ 1) DR "

$ $H5. IR #G- 63 Do ", +IBA8 @ot! 5!, 9B
0"- DYt #'9+" "%!+5 ! 766!, HH ,"+% W - (3%

. OB() I S U9 $"4+* 1+ @63 51 - )50 | 1 (9 + B |




0-) <)-DI:$$1)$ 56 ()()=*@c+%

8 " 50ASH- I+§ I*()*¢ v ¢ BB'6+()B IHE

|- 9%90+0b! 3B (VoY g %_( ‘é’ﬁ%’f ;;32 )§$,>?6 >(Q/;@+£ 0'2
%16% +OR | 5N ) 5" 1) + T
SO6H | # (" A% TR
QU= 1E) (I &IHWEY I
R Y)

%

Fo%E9%) *) #'- D%5% )9 *| *%" ",)+"+)
BB +@ I #' 3 5%6+" ) (A(C"H3.%; <" " )’ oo
% #) $%! <UBOR: !
() S @ - ! (), MR ", 969 **%616%" +Pb

% (0 ()BE" )'S) %" LGS HC O ) 2




the “ Steroid Cycle” ...

IN 1958, Dr. Roy Hertz described the “steroid cycle,” anticipating what we now call endocrine
disrupter research, as follows: “. . . we have to consider that the introduction of . . . [hormones
Into cattle feed lots] leads to the exposure . . . of individuals who might otherwise not ever
in their lives come in contact with such materials . . .. This is not a theoretical consideration
because we . . . now have encountered two families, each with two children, who presented with
simultaneously developing gynecomastia attributable to the accidental contamination of
vitamin capsules by estrogens during manufacture. If such estrogens can, by stray handling, get
Into such pharmaceutical preparations, can they not very readily get where they are not wanted
on the farm? There is one additional consideration in this regard . . . . The fecal excretion of
these materials . .. will be dropped on the soil and . . . over generations there will be
constant replenishment of the soil surface with steroidal substances of this kind.

This in turn has its effect potentially on surface water-supply contamination and also potentially on
the vegetable content of steroids in crops raised on such soil . . . . | think that we are now
actually setting up a steroid cycle in our environment, and we have to give very serious
consideration to its implications for our subsequent development and growth and possibly
reproductive functions® (taken from the discussion following Ref. 1).




Molecular nitrogen (N,) is the most abundant element in the air we

breathe. Yet, large quantities of this nitrogen are not available to
organisms. Why is this the case? One reason molecular nitrogen is in

short supply is because it takes a large amount of energy to break
the triple bond that holds the two nitrogen elements together.

Nitrogen fixation is accomplished by nitrifying bacteria in soil and
water. These organisms are capable of breaking this bond and

converting the nitrogen into ammonia (NH,) and nitrate (NO,).

The resulting nitrogen is termed fixed nitrogen. Such a scenario allows
nitrifying bacteria living in conjunction with certain plants to
convert atmospheric nitrogen into a form that plants can use which
is ultimately passed up the food chain. When organisms break down
proteins during respiration, they release their nitrogen as ammonia

fish), urea (mammals), or uric acid (birds, reptiles and

insects). Decomposers obtain nourishment from these products by
converting them back into ammonia, which plants can then use again,
completing the cycle. Finally, denitrification, accomplished again by
bacteria, converts nitrate back into nitrogen gas

The Steroid Cycle

In light of the genetic and functional similarities
between ERa and NodD, EDCs that are able to bind

ERs and modulate signaling may employ the same
mechanism to modulate the ability of S. Meliloti
NodD to respond to the phytoestrogen signal,
luteolin ...

These results raise the possibility that endocrine
disruption may be seen in symbiotic

environmental signaling systems that exist
between organisms rather than within them.

http://www.citruscollege.edu/apps/pub.asp?Q=847




ENDOCRINE DISRUPTORS
- Erbicidi, Pesticidi (Atrazina..)
- Idrocarburi Policiclici Aromatici (IPA)
Policlorobifenili (PCBs)
- Policlorodibenzofurani (PCDFs)
- Policlorodibenenzodiossine (PCDDs) e molti altriE.

REGIONI EUROPEE A RISCHIO
PER PESTICIDI
NELLE ACQUE SOTTERANEE




E’ vero che metalli pesanti, diossine e altri agenti cancerogeni immessi in ecosfera e
cosi veicolati all'interno degli organismi viventi, si bio-accumulano nei tessuti (0sseo
e adiposo) e si bio-magnificano nelle catene alimentari ? E che dai tessuti in cui Si
sono accumulati (a volte per decenni) il loro rilascio € generalmente lento e continuo?

Biomagnificazione

Is it true that heavy metals, dioxins and other carcinogens released into ecosphere, and conveyed in living
organisms, may bio-accumulate in tissues (bones and fat) and bio-magnify in food chains? And that from
tissues where they accumulated (sometimes for decades), their release is generally slow and continuous?




What is the Global Chemical Burden..

Industrial chemicals in mothers and daughters:
the pollution we share and inherit

E’ vero che nel sangue e nei tessuti di tutti gli uomini e le donne che vivono in ambienti urbani
e/o industriali e persino nel sangue cordonale e placentare e nei tessuti fetali sono presenti
guesti stessi inquinanti in quantita di anno in anno, di decennio in decennio maggiori ?

Is it true that these pollutants are present in blood and tissues of all men and women living in urban and
industrial environments and even in the cord blood and placental and fetal tissues in more and more
significant amounts year after year ?




E’ vero, in particolare, che metalli, diossine e altri inquinati lipofili accumulati nei tessuti materni
possono passare, anche a distanza di anni dal loro assorbimento, nel sangue e raggiungere il feto ?

Is it true that metals, dioxins and other lipophilic pollutants, accumulated in maternal tissue, may pass,
even many years after their absorption, into the blood and reach the fetus?
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Many of these pollutants (EDCs, Heavy
Metals, Polycyclic aromatic
hydrocarbons (PAHs)) are mutagens or
epi-mutagens, carcinogens or co-
carcinogens at infinitesimal doses,

It is universally known that their

dangerousness is linked to daily _
exposure to very-small doses

rather than to massive exposure

D% (. / 00/




We may represent the environment as a continuous
stream of information (simple: photons: individual
packages of E = M = Information) or complex (organic
molecules, viruses etc) interacting with our cells
[membrane or transmembrane receptors,

signal transduction proteins, nuclear receptors,

genome (Dna + epigenome)] forcing them to adapt
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Multiple levels
of packing are
required to fit
the DNA into the
cell nucleus




The chimpanzee Dna is for 98.77% identical to the human We are quite stable {for

di .. diff f . millions of years) both
On average, a gene encoding a protein in a man differs from its genetically and

chimpanzee ortholog by only two aa substitutions phenotypically
almost one third of
human genes

has exactly the same ( # #*

protein translation as their
orthologs

in chimpanzee -










Cedliac Disease
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And Alzheimer Disease ?

Epigenetic differences arise during
the lifetime of monozygotic twins




7

... although twins

are epigenetically
indistinguishable
during the early

years of life,

... older monozygous
twins exhibited
remarkable

differences in their
overall content

and genomic
distribution of
5-methylcytosine DNA
and histone acetylation,
affecting their
gene-expression portrait.

I3 ——

Epigenetic differences arise during Jul 26 ( 102(30):10604-9.
the lifetime of monozygotic twins




\

Epigenetics is defined as mitotically and meiotically heritable changes in gene expression
that do not involve a change in the DNA sequence DNA methylation and histone
modifications are known to have profound effects on controlllng gene expression..
MicroRNAs (miRNAs) are small RNA molecules, 22 nucleotides long that can negatively
control their target gene expression posttranscriptionall

Chuang JC, Jones PA Epigenetics and MicroRNAs Pediatr Res 2007; 61: 24R-29R
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In-vitro, animal, and human investigations have identified
several classes of environmental chemicals that modify

epigenetic marks.. including
- metals (cadmium, arsenic, nickel, chromium, CH3-mercury),

- peroxisome proliferators (trichloroethylene,

dichloroacetic acid...),
- Air Pollutants (PM 0,1/2.,5/10, black carbon, benzene

- EDCs - Endocrine-Disrupting/reproductive toxicants
(DES, bisphenol A, persistent organic pollutants, dioxin).

Because these epigenetic changes are small,
potentially cumulative, and they may develop

over time, it may be difficult to establish the
cause-effect relationships among environmental
factors, epigenetic changes, and diseases.
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The best developed example of transgenerational effects of environmental chemicals
comes from the classic experiment by Anway et al.. exposing male rats to vinclozolin (an
antiandrogenic fungicide) or methoxychlor (an estrogenic organochlorine insecticide

during the period of gonadal sex determination. Exposure resulted in reduced sperm
count and viability and increased rates of infertility in adulthood.

This loss of fertility was perpetuated through the male germline for four generations.
Investigation of the mechanism for the transgenerational phenotype found that endocrine

disruptors reprogrammed the male germline during development and induced heritable
methylation changes that were stably transmitted through the male germline




Cellular Differentiation: an Epigentic process Differentiation occurs numerous times
during the development of a multicellular

organism as the organism changes from
a single zygote to a complex system of

tissues and 200 cell types (genetically
identical.. each with its own epigenetic

Nature 447, 425-432 (24 May 2007) and morpho-functional characteristics)..

9% |+ B+
1$> 1-$"(-

PLASTICITE’

o’

Gametogenesis. Maturation of germ cells is characterized by
an impressive degree of cellular restructuring and gene
regulation that involves remarkable genomic reorganization.
These events are finely tuned, but are also susceptible to the
introduction of various types of error...
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Developmental Origins of Adult Diseases (DOHAD)
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Ce sont des guantités minimales de molécules (epi)génotoxiques, induisant
des transformations continuelles de la chromatine, qui constituent le véritable
probleme. C’est un processus tres lent pouvant démarrer lors des premieres
étapes du developpement feetal. Et, méme dans les gametes.

Si les tissus du feetus sont mal programmeés au début et s’il y a un stress
épigénétigue progressif, les mutations génétiques et chromosomiques vont
davantage se produire
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Alberto Tommasini,
Laboratorio Immunologia
Pediatrica, IRCCS

Burlo Garofolo
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Le CA est le facteur principal de

déces par maladie dans |@nfance

Poumon et I'on assiste a une augmentation
Sain importante et constante des
tumeurs dans le monde pour ce
Colonv groupe d age

Estomac

Lymphéme
Rean

Cervead
L eucemie
lyrphatl L eucémie lymphaticue
que Encéphale

L ymphomes

Neur oblastoma-Retinoblastoma

Tessuti molli, rene (Wilms), gonadi



As we may easily argue from recent project ACCIS (Automated Childhood Cancer Information System) - a comprehensive
monitoring conducted by a team of epidemiologists IARC on 63 cancer registries from 19 European countries,

for a total of over 130 thousand tumors of all types (113 thousand children and 18 thousand teenagers)
"L FFGGGE (2R (# "

"W ORI A Y# 98;)) 5" +5"5) 3 * +#
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A first draft of the report, published on the Lancet in 2004, demonstrates an
annual increase of 1-1,5% for all cancers (with more marked increases in
lymphomas, soft tissue sarcomas, tumors of the nervous system...) .




The data from the ACCIS project published in the Lancet were soon confirmed by the next review (the most complete to date) of
the data emerging from the study (which has become the largest European database on cancer) published two years later on the

European Journal of Cancer (18 items in all, containing detailed analysis of data on incidence rates and trends of prevalence and
survival)..




..in the last 20 years (1978
e il 1997) the overall
incidence rate has
increased significantly with
an average annual
percentage change
(AAPC) of 1,1%

(> 2% in the first year;

1,3 % during
adolescence).




Cancers in adults predominantly arise in (epithelial)
tissues chronically exposed to environmental stress
and in cells and tissues continually urged to respond/react to it

While almost all childhood cancers belong to three major groups:
45% oncohaematologic tumors (leukemias and lymphomas
25% brain tumors

25% neoplastic degeneration of embryonal residuals

The increase particularly
affects children in their first

life year (the incidence
rate increased by> 2%)




The first unambiguous evidence for a
prenatal origin of leukaemia was
derived from studies in identical
twins with leukaemia. A case of
identical (monozygotic) infant twins
with leukaemia was recorded in
1882, and, since that time, more than
70 pairs have been published albeit in
variable detail ...

The concordance rate of leukaemia
varies according to subtype and age.
For infants with ALL, the rate is
exceedingly high (> 50%), for
“COMMON” child-ALL, is ~10%.

Chromosomal translocations and preleukaemic clones arise at a
substantially higher frequency (=100 X) before birth than th .
cumulative incidence or risk of disease, reflecting the requiregnent in contrast, has a very low rate
for complementary and secondary genetic events that occur of concordance (< 1%).
postnatally. A consequence of the latter is a very variable and

occasionally protracted postnatal latency of disease (1—15 years).

~1% of newborns had TEL-AML1 positive B lineage clones...
This represents 100 times the incidence of TEL-AML1 positive ALL (~1 in 12,000).

Adult leukaemia (ALL/ AML), I




Even if leukaemia fusion gene formation is
spontaneous, the risk of this occurring may be

modified by other factors, including folate
availability. There is dietary and genetic

evidence that folate has an impact
on the risk of infant and childhood leukaemia ..




The first and most striking property of MLL fusion proteins is their incredible di
MLL has been found in 73 different translocations and 54 partner genes ha
cloned (http://atlasgeneticsoncology.org/Genes/MLL.html).
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Several lines of evidence point to a mishap in non-homologous end joining of double strand breaks as the most likely reason for 11923 translocations.
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Our study has supported the hypothesis that
in utero exposure to chemicals causes
MLL* infant leukemia and has generated
specific hypotheses that require further
testing.

Exposure to dipyrone is widespread,
particularly in Central and South America

where it is available as an inexpensive,
nonprescription drug. Mosquitocidals are
similarly in general use in these same
settings. Propoxur (Baygon®) is also
widely used against cockroaches, fleas,
and similar pests.

Therefore, it is important that the
associations observed in this study are
reevaluated in an extended case-control
study
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