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Foreword

When planning to write this paper | wished to do a literature search on a topic of personal
interest in Medicine. Two of my fields of interest within Medicine has been Environmental
Health and Sexual Health and | hoped to combine these in a research. | contacted the
Department of Public Health at the University of Tromsg and got linked with special advisor
and scientist on environmental pollutants at the University Hospital of North Norway,
Department of Laboratory Medicine, Sandra Huber. She further suggested to team up with
Maria Averina. Averina is scientist at the Department of Community Medicine at the
university, and chief physician at the Department of Laboratory Medicine at the University
Hospital of North Norway. She suggested to do a systematic review on the association
between environmental pollutants and testicular cancer, which | agreed was a good item for
research. The purpose of this research has been to enlighten about environmental pollutants

and what possible effects they may have on humans and our health.

The work started in the Spring of 2019 and continued throughout the year until the end of
Spring 2020, when the work was completed. Throughout the process | had continuous support

from my supervisors.

I would like to express my gratitude to my supervisor, Maria Averina, and assistant
supervisor, Sandra Huber. They both have contributed with their knowledge on the field of
environmental pollutants and on how to structure and write a paper like this. Whenever | have
had questions or been in need of guidance, they have assisted me and always responded

quickly. Your help has been indispensable!

Sofie Jonassen Vibe
@rnes, 71 of June 2020
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Abstract

Objective

There is an increasing incidence of testicular cancer in the world, which cannot be explained
by factors as increasing life expectancy as this type of cancer typically affects young men.
Particularly in certain countries that also score high on the Human Development Index (HDI)
the incidence of testicular cancer is high, and as countries increase the HDI so does the
incidence of testicular cancer. It is hypothesized that something introduced in the environment
may induce with testicular cancer, like organic environmental pollutants. The research
question for this review was articulated as: “A systematic review of association between

organic environmental pollutants and testicular cancer”
Methods

A systematic literature in PubMed search was conducted on the 23rd of October 2019. The
search involved articles published the last ten years. Inclusion criteria were articles reviewing
the effects organic environmental pollutants have on cell mechanisms that could be linked to
the development of testicular cancer, or incidents that could be linked to exposure. Articles
involving cancer treatment, or other effects organic environmental pollutants have on human
health were excluded. After sorting out the relevant articles there were a total of 28 articles to

be used in this systematic review.
Results

After a selection process the literature search yielded 20 articles that were included in this
research, most of which were reviews. The articles presented conflicting conclusions, while
some supported the hypothesis of an association between organic environmental pollutants

and testicular cancer, others did not imply association.
Conclusion

There has been done too little research on this field to conclude whether organic
environmental pollutants have a causal effect on the development of testicular cancer.
However, some articles suggested that there could be an association. Especially cell studies

demonstrated an effect of organic environmental pollutants on cell components. Further

VI



research on the field of environmental pollutants and the development of testicular cancer is

therefore needed.

Abbreviations

Below is a list of abbreviations used in this review.

1,2,3,4,7,8-HCDD, 1,2,3,4,7,8-
heptachlorodibenzodioxin

3B-HSD, 3p-hydroxysteroid
dehydrogenase

B-HCH, B-hexachlorocyclohexane
v-HCH, y-hexachlorocyclohexane
BDE-47, 2,2',4,4'-yetrabromodiphenyl
ether

BPA, bisphenol A

BPAF, bisphenol AF

CAMP, cyclic adenosine
monophosphate

CXORF6, chromosome X open
reading frame 6

DBP, di-n-butyl-phthalate

DDE,
dichlorodiphenyldichloroethylene
DDT, dichlorodiphenyltrichloroethane
DEHP, diethylhexyl phthalate

DMF, dimethylformamide

DMSO, dimethyl sulfoxide

EDC, endocrine disrupting chemicals
HCB, hexachlorobenzene

HDI, Human Development Index

hCG, human chorionic gonadotropin

VIl

LC540, Leydig Cells 540

LHR, luteinizing hormone receptor
MAMLD1, Mastermind-like domain-
containing protein 1

MBP, mono-n-butyl phthalate

MEHP, mono-(2-ethylhexyl) phthalate
mLTC1, mouse Leydig tumor cell line
MMP2, matrix metalloproteinase 2
MMP9, matrix metalloproteinase 9
MMP, matrix metallopeptidase
NaHCOs3, sodium bicarbonate
0,p'-DDD, 1,1-(dichlorodiphenyl)-2,2-
dichloroethane

0,p'-DDT, 1,1,1-tricholoro-2-(p-
chlororphenyl)-2-(o-
chlorophenyl)ethane

OR, odds ratio

P450scc, cytochrome P450

PAH, polycyclic aromatic
hydrocarbons

PBDE, polybrominated diphenyl
ethers

PBR, peripheral benzodiazepine
receptor

PCB, polychlorinated biphenyls

PVC, polyvinyl chloride



PCB-156, 2,3,3',4,4',5-
hexachlorobiphenyl

PCB-157, 2,3,3'4,4'5'-
hexachlorobiphenyl

PCB-209, decachlorobiphenyl
PFAS, perfluoroalkyl substances
PFOA, perfluorooctanoic acid
PFOS, perfluorooctane sulfonate
POPs, persistent organic pollutants
p,p'-DDD, 1,1-dichloro-2,2-bis(p-
chlorophenyl)ethane

p,p'-DDE, 1,1'-dichloro-2,2'-bis(p-
chlorophenyl)ethylene

VI

p,p'-DDT, 1,1,1-trichloro-2,2-bis(p-
chlorophenyl)ethane

PXR, pregane X receptor

SR-B1, scavenger receptor class B
type |

StAR, steroidogenic acute regulatory
protein

TC, testicular cancer

TCDD, 2,3,7,8-tetrachlorodibenzo-p-
dioxin

TGCT, testicular germ cell tumours
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Introduction

The increasing incidence in testicular cancer
Globally the incidence of testicular cancer is relatively low — 1:100 (1%) in all men. Although

relatively rare, it is the most common type of cancer for men aged 15-44 (1-3). The top
countries at the list with the highest testicular cancer in 2018 are Croatia, Norway, Hungary,
the Netherlands along with other European countries as well as Chile, Australia and New
Zealand (4). All these countries also have high Human Development Index (HDI). The HDI is
a ranking system of countries based on factors as life expectancy, educational level, per capita
income and so on. Countries that are at the lower scale of the HDI correspondingly have
lower incidence of testicular cancer — although, the mortality rates are higher in these
countries (1).

But tables are about to turn. While the incidence curve seems to start flattening out at the top
in countries with already high incidence of testicular cancer, the rate is starting to increase in

other countries with previous low incidence rates (1).

The causes of testicular cancer have so far remained somewhat of a mystery. Cryptorchidism
and a family history of testicular cancer are the main risk factors described (5). This, however,
does not explain the distinct global distribution of this type of cancer. Testicular cancer is also
a type of cancer with a young usual onset, and therefore the increased rates cannot be

explained by increased life expectancy.

With the dramatic increase in incidence during the last years, a rapidly changing incidence
pattern and an incidence pattern that follows the one of the HDI, it seems reasonable to
believe that the cause of testicular cancer has a link to something that is being introduced in

the environment of the more prosperous countries.

One group of already extensively discussed chemicals are the Endocrine Disrupting
Chemicals (EDCs). EDCs are a wide group of chemicals. These are chemicals that can mimic
natural hormones and therefore disrupt their natural function, production, metabolism and
elimination in the human body (6). In previous studies, EDCs have shown, as the name might

imply, to interfere with the endocrine system in humans (7-9). With this in mind | wish to
1



further investigate whether there are reasons to believe that EDCs also are a driving force in

the development of testicular cancer.

Testicular cancer
By testicular cancer, this review is referring to tumors in the testis arising from germ cells

which are the most common cause of testicular cancer. That means excluding testicular
lymphomas and sex cord—gonadal stromal tumors. Germ cell tumors can be divided into
seminomas and non-seminomas, which each stand for half of the germ cell tumors in the
testicle (10). Seminomas originates in the germinal epithelium of the seminiferous tubules
with the cells resembling progenitor cells, while non-seminomas are usually a mix of two or
more types of cells. While seminomas have a later onset, median age about 35 years, non-
seminomas are usually diagnosed at around 28-29 years of age.

Symptoms of testicular cancer are usually sparse but may present as lower back pain or
development of breasts. Some experience a feeling of heaviness or change of size of the
testicle or may palpate a lump (11). Presenting with these symptoms medical examination
will then be performed including blood tests, ultrasound and a CT (12). Confirmation of the

disease and classification of tumor is done through biopsy.

A variety of testicular co-malignancies have been observed in patients that develop testicular
cancer, such as low sperm count hypospadias and other genital abnormalities(13). And in line

with an increase in testicular cancer, these health disorders also increase in incidence.

Environmental pollutants in the world
Environmental pollutants are basically everywhere in our environment. Persistent organic

pollutants (POPSs) are organic chemicals that are known to have a serious negative impact on
human health and ecosystems (14). Dichlorodiphenyltrichloroethane (DDT), polychlorinated
biphenyls (PCB), perfluorooctanoate (PFOA) and perfluorooctane sulfonate (PFOS) are POPs
with EDCs effects (15). Due to their potential harmful effects, these chemicals have been
regulated through the Stockholm Convention on Persistent Organic Pollutants(16). The POPs
in the Stockholm Convention include 26 chemicals. The convention started out with twelve
chemicals and has since added new ones through the years. The chemicals are sorted into
three different annexes: annex A are chemicals that parties must aim to eliminate, annex B are

chemicals that the parties must take measures to restrict the production of, and annex C are

2
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chemicals reduce the unintentional release of. Although most of the world’s countries have
signed the convention and are regulating these chemicals, their ability to bioaccumulate in the
food-chain enables the POPs to still persist in the environment.

Other than the POPs there are multiple other EDCs in the environment. Even though their
endocrine effects have been scientifically proven there are still uncertainties whether the
doses humans are exposed to in their daily life are high enough to produce any effects.
Therefore, they have not yet been regulated in any convention. The most commonly known
are probably phthalates, parabens, bisphenol A and triclosan(17, 18).

The possible link between testicular cancer and organic

environmental pollutants
A recent study showed that environmental pollutants may have an impact on the sperm

quality in dogs and humans and also increased incidence of cryptorchidism (19). The study
highlights that chemicals such as diethylhexyl phthalate (DEHP) and di-n-butyl-phthalate
(DBP), both are grouped as phthalates, have a direct negative effect on sperm motility and
increase DNA defragmentation in sperm. This suggests that certain environmental pollutants
do have an impact on testicular health problems. The question is whether they also may be

responsible for the development of cancer.

As cryptorchidism and defects in testicular development are strongly associated with the
development of testicular cancer, the prenatal exposure to harmful chemicals might be of
significance. It was shown that PFOS and PFOA cross the placenta from the mother and over
to the fetus. Studies suggest that these chemicals affect the fetus and decrease the birth weight

in both, humans and rodents, when the pregnant mother is exposed to these (20).

In the embryonic life, after the testis have formed from the genital ridge, which is a hormone-
independent process, the masculinization process begins. This is a completely hormone-
dependent process (21). This in turn makes the process susceptible for endocrine disruption.
The two processes are not totally separate occurrences and hormones produced during the
masculinization process also have an effect on the evolving testicles. The foetal testicles are
responsible for the hormone production with the most dominant ones being the anti-Mdillerian

hormone (AMH), testosterone and insulin-like factor 3 (Insl3).



__Seminiferous cord

) %, _ Peritubular
\ }b myoid celis
@ "Umdenhﬁod . e
i

Anti- méiflenan
hormone (AMH) Regrassion of
mitierian ducts

2
/ Leydig
colls

Teslostarong

/

Sa- reductase

Tesiosterone

Testosterone

Masculinisation of internal 50- reductase Aromatase Insi 3 DHT
reproductive system / | \ |
(Waolffian duct)
DHT DHT DMT Qestradiol
Masculinisation J Masculinisstion Gubernacuium
of external Mamn.i’sa?on of body tissues development
genitala & prostate o & systems & festis descent
Ino the scotum

Figure 1: The Masculinization process. Source:(21)

The mechanism in testicular (germ cell) cancer is still not fully understood, however the
occurrence of testicular dysgenesis is likely to give rise to abnormal hormone production in
the fetal testis and trigger downstream aberrations of hormone-dependent processes, such as
masculinization, testis descent and Sertoli cell proliferation (21). Failure of normal
differentiation of foetal germ cells could in turn convert them to pre-malignant carcinoma-in-
situ (CIS) cells.

Presentation of the research question
The research question of this paper is drafted to: “Is there an association between organic

environmental pollutants and testicular cancer?”. Main object of the research will be to reveal
whether certain chemicals in the environment may seem to cause non-seminoma and
seminoma testicular cancer, if there is any relation at all. The purpose of this review is to
highlight the possible effects of environmental pollutants and whether further caution should

be taken concerning these substances with respect to men’s health in the future.



As the object of research are gonads which are highly susceptible for hormones, the review

will mainly focus on EDCs.

Hill’s criteria for causation
Low p-values gives a probability for association between the objective and the exposure but

does not tell whether there is a true causality. Austin Bradford Hill therefore made a list of
nine criteria that he argued should be taken in consideration when evaluating whether there is
a true causality between exposure and disease. Hill’s criteria for causation is widely

recognized, and are as follows (22):

1. Strength of association: The supposed cause must be significantly present in the
exposed compared to the non-exposed. Associations that cause significant statistical
results may be due to: 1) a true causality 2) chance 3) random error, or 4) a systematic

error.

2. Consistency: The result must reproducible in other studies. When the findings are
consistent in different studies, with different object, at different times, at different

places, this will strengthen the likelihood of causation.

3. Specificity: This suggests that it is more likely that an association is casual when the
exposure only causes one disease. However nowadays it’s a widely accepted fact that

one exposure could cause or be a risk factor of many different conditions.

4. Temporality: The phenomenon has to occur after the exposure for there to be a

causality.

5. Biological gradient: An increase in the exposure of the supposed cause would also

cause an increased incidence or severity of the phenomenon.

6. Plausibility: Based on the up-to-date knowledge accessible about the disease, a

causality would be probable, and may be explained through biological studies.

7. Coherence: When there is a coherent finding between epidemiological studies and the

results in laboratory findings the likelihood of causality strengthens.



8. Experiment: Experiments in animals and cells, or epidemiological studies that apply

preventing measures with the expected result.

9. Analogy: When there are phenomenon or exposure that resemble or behave in the
similar way as the studied objects, this may explain a causality.

Through search in the literature relevant to the research question I will evaluate whether the

findings in the studies are negative or positive considering the issue.

Methods and materials

This review is based on relevant literature for the research retrieved on PubMed. The results
are only based on the articles retrieved and sorted from this search.

The literature search
The search for literature was structured in the following way: exposures were linked with

outcomes with AND, as illustrated in Figure 2. The different exposures were linked with OR.
The search was done without MeSH-terms for the exposures and with MeSH-terms for the
outcome testicular cancer. Terms used in exposures were chosen from studying the different
POPs and other EDCs, and with the guidance from my supervisors. The term testicular

cancer used in outcomes were selected with regard to the main object of this review.

Perfluoroalkyl substances OR polyfluoroalkyls substances OR pfas OR perfluorinated compounds
OR pfc OR perfluoroalkyl acids OR pfaas OR pfos OR perfluorooctane sulfonic acid OR pfoa OR
perfluorooctanoic acid OR bpa OR phthalates OR bisphenol OR parabens OR ddt OR
polybrominated diphenyl ethers OR polycyclic aromatic hydrocarbons OR dioxins OR
polychlorinated biphenyls OR pesticides

AND

Testicular cancer

Figure 2: This shows how the research was drafted

The literature search was limited to articles that were published within the last ten years. It
was conducted on the 23" of October 2019, at 05.20 pm Norwegian time, and yielded 276
6




results. After going to the titles and abstracts to check for relevancy, the selected articles were
downloaded to an EndNote library. The inclusion criterion for articles that were not excluded
from the EndNote library was that they had to address mechanisms that could contribute to
testicular cancer and be linked to environmental pollutants as a possible cause or present data
that could link testicular cancer to exposure for endocrine pollutants. Articles based on
mortality or cancer treatment were therefore considered inappropriate for this study. Some
articles did address the theme but did not present a plausible link, and these were therefore
excluded. This gave a total of 20 articles used in this systematic review. When reading the
articles, some reviews studied multiple factors that could possibly be linked to testicular

cancer. Only the parts that addressed environmental pollutants were included in this review.

Results

Below the articles are rendered in subchapters based on what pollutant that is evaluated in the
study. At the end of each chapter the findings are summarized in tables. Findings that indicate
that there is an association between the pollutant and testicular cancer have been grouped as
Positive findings. Negative findings are findings that indicate no association. As some articles
address multiple pollutants the same article may have been referred to multiple times. When
an article referred to a finding that has already been cited under another article, this review

will try to highlight that it has already been mentioned and that it is not an additional finding.

Pesticides
Out of the exposures matching the literature search, pesticides were one of the most

investigated groups of EDCs. This subchapter evolves articles that investigated pesticides in
general. Articles evolving the effect of chemicals that may also be used as components of

pesticides are elaborated in the subchapters.

A 2013 review (Beranger, R. et. al) explored how the presumably most pesticide exposed
workforces are affected. Namely the farmers, agricultural workers and pesticide applicators.
None of the 11 studies presented and discussed in this review reported significant association
between pesticide exposure and testicular cancer (23). The exceptions were one study on
small subgroups and self-reported exposures showing a protective effect for seminoma tumors
(24). And another study investigating agricultural occupations that found increased risk, but

mainly due to a small subgroup of fish farmers (25). The review therefore concluded that
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there were little to no correlation of pesticide exposure and testicular germ cell tumors in

farmers.

The review also explored four registry-based studies focusing on licensed pesticide
applicators. There were reported an increased risk for testicular germ cell tumors (TGCT) for
a study conducted in Florida (US) (26) and a UK study (27), but not in a Swedish study (28)
or for the US Agricultural Health study (29). The review depreciated these studies as they
could be affected by misclassification bias, as those not registered as pesticide farmers, still
could be using pesticides. One Norwegian study found a slight increased risk for workers in a
fertilizer production plant, but no association to a particular product (30). It was suggested
that the finding was the potential impact of life-long environmental exposures to other factors
not investigated in the study, as the plant was situated in a rural area. No association were
reported for workers in the pesticide industry in other studies from the review (23).

Parental exposure was also under investigation in this review (23). There was neither found
increased risk of testicular cancer in children of farmers or pesticide applicators. One
exception was a Norwegian study that reported increased risk of testicular cancer for sons of
agricultural workers using nitrate fertilizer, especially with a high nitrate/phosphate ratio (31).
A high nitrate/phosphate ratio is related to intensive farming. This study also showed a higher
adjusted risk of testicular cancer for exposed men born between April and June or October
and December. These findings could imply that there could be a link to specific related
exposure patterns, including pesticides use, type of farming or farming practices. Another
review (32) found studies indicating some association with parents’ occupation, especially
among fathers likely to have been exposed to organochlorine compounds, and also for

mothers exposed to pesticides, although this was not statistically significant.

This review also explored further environmental pesticide exposure in rural areas (32). As
some studies showed living in a rural area had protective properties or no association to

TGCT, another showed increased risk of TGCT when living in a rural area (31).

Another large case-control study was a register-based study from the Nordic countries
investigating TGCT and parental exposure to pesticides. This is the largest study of its kind
and included 9,569 cases and 32,028 controls. The countries included were Denmark,
Finland, Norway and Sweden and cases were born in 1960 or onwards and diagnosed

8



between 1978 and 2013. The conclusion was that there were no association between parental

pesticide exposure and TGCT in male offspring (33).

In a cohort study from 2011 the British agricultural pesticide users were proven to have a
lower mortality rate than the rest of the population of Great Britain (27). Even though the
pesticide users show statistically significant reduction in certain cancers compared to the
general population, there were also a statistically significant increase of incidence of non-
melanoma skin cancer, multiple myeloma and testicular cancer. There were non-significant
increase in mortality for the participants with testicular cancer. For the increase of incidence
of testicular cancer the 95% CI was 1.04-1.53.

Another pesticide, Agent Orange (equal mixture of 2,4-dichlorophenoxyacetic acid and 2,4,5-
trichlorophenoxyacentic acid as active ingredient and traces of 2,3,7,8-tetrachlorodibenzo-p-
dioxin (TCDD)), has been the subject of a review that explores its relation to different cancers
in exposed individuals (34). During the Vietnam War this herbicide was spread widely to
clear the way of crops and plants for the US. Army. TCDD has been linked to different types
of cancers. Although not an herbicide/pesticide in itself, Agent Orange contains traces of
TCDD, sometimes in higher concentrations. One of the articles had categorized the
individuals in two groups of high exposed and low exposed to TCDD (35). When comparing
individuals of high exposure to individuals of low exposure, there was no association. Among
the subjects of research (85,809 categorized as high exposure and 94,442 as low exposure)
there were only 5 incidences of testicular cancer. Two in the high exposure group and three in
the low exposure group. There was no difference in the incidence of testicular cancer when

comparing the study population to the general population of Korea.

Other articles in this review didn’t show a clear association between exposure to Agent

Orange and testicular cancer incidence.



Table 6. Incidence of testicular cancer in those exposed to Agent Orange [4]

Incidence
Agent Orange

Exposed chemical of Relative risk
Population cases interest (95% CI) Study
District of Columbia Vietnam Veterans 3 All 23(1.0-55) Taroneet
diagnosed in 1976-June 30, 1981 al. [37]
Massachusetts Vietnam-era veterans aged 30 All 12(04-33) Clapp [25]
3565 years in 1993 diagnosed in 1988-1993 vs.
gastrointestinal cancers
Australian Vietnam Veterans, all branches, 54 All 09(0.6-1.1) ADVA[18]
19822000
Australian Conscripted Army National Service, 17 All 0.7(04-12) ADVA [26]
19822000
Korean Vietnam Veterans, high exposure (n=2) 5 All 105 Yi and
and low exposure (n=3) (0.42-2.63) Ohrr [30]

Figure 3: Screen shot from the article: A review of Agent Orange and its associated oncologic risk of genitourinary
cancers (35)

The table below sums up the findings in the literature search evolving pesticides in general.

Table 1: Summary for pesticides and the risk of TGCT

Article/Type of article Positive findings Negative findings
Occupational and environmental | Increased risk in fish farmers (25) 11 studies reported no significant
exposures associated with association between pesticide
testicular germ cell tumours: exposure and testicular cancer (23).

systematic review of prenatal
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and life-long exposures

(23)/Review

Mortality and cancer incidence
among British agricultural
pesticide users (27)/ Full length

research report

A review of Agent Orange and its
associated oncologic risk of
genitourinary cancers

(34)/Review

Testicular germ cell tumours and
parental occupational exposure
to pesticides: a register-based
case-control study in the Nordic
countries (NORD-TEST study)
(33)/Case-control

Occupational causes of testicular

cancer in adults (36)/Review

Pesticide exposure and serum
organochlorine residuals among
testicular cancer patients and
healthy controls (37)/case-

control

Allethrins

For the incidence of testicular

cancer the Cl was 1.04-1.53 for the

studied population compared to

the general population in Britain

Self-reported household

insecticide use: OR adjusted = 3.23

Self-reported mixing pesticides for

gardening: OR adjusted = 4.80

One study reported a protective

effect for seminoma tumors (24).

Articles in this review didn‘t show a
clear association between
exposure to Agent Orange and

testicular cancer incidence

No association between parental
pesticide exposure and TGCT in

male offspring

Articles in this review did not show
clear association for TGCT in men
in occupations that involved
exposure to agents that could

possible cause TGCT.

Allethrins are synthetic pyrethroids of the chemical naturally found in the chrysanthemum

flower. They are widely used in household insecticides and agricultural work and are toxic by
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inhalation, consumption or skin absorption (38). Allethrins degrade rapidly in the

environment and are therefore not listed as a POP.

In a study on testicular LC540 in rats, allethrins, were put to the test. At concentrations above
100 uM, allethrins induced stress, calcium release and apoptosis in the rat testicular cells
LC540 (39). This supports the theory of toxicity to Leydig cells.

Table 2: Summary of allethrin and the risk of TGCT

Article/Type of article Positive findings Negative findings
Allethrin induces oxidative - Atconcentrations above

stress, apoptosis and calcium 100 pM, cell killing was

release in rat testicular observed in LC540.

carcinoma cells (LC540) (39)/ - Allethrin was found to be

Cell-line study cytotoxic to primary

Leydig cells in a dose-
dependent manner with
an 1Csp value of 59 uM.
Cytotoxic mechanisms of
allethrin were proven to

alter the cell.

Dichlorodiphenyltrichloroethane
Dichlorodiphenyltrichloroethane (DDT) was a commercial available pesticide until it was

banned in many countries in the 70s/80s (40). Under the Stockholm Convention it is listed as
a POP under Annex B — restriction, and use is accepted for the purpose of disease vector
control (15). It is still used in insecticides products applied for malaria control. DDT as
pesticide product consists mainly of the 1,1,1-trichloro-2,2-bis(p-chlorophenyl)ethane (p,p'-
DDT) isomer as active chemical and impurities of 1,1,1-tricholoro-2-(p-chlororphenyl)-2-(o-
chlorophenyl)ethane (o,p'-DDT), 1,1'-dichloro-2,2'-bis(p-chlorophenyl)ethylene (p,p'-DDE),
1,1-dichloro-2,2-bis(p-chlorophenyl)ethane (p,p'-DDD) and 1,1-(dichlorodiphenyl)-2,2-

dichloroethane (o,p'-DDD). The last 4 compounds are also known to be metabolites of its
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corresponding DDT isomers (42). One of its more known effect is the thinning of eggshells in
birds consuming DDT-contaminated fish, and the neurological effects on insects. DDT is an
organochloride pesticide and hydrophobic, which enables an accumulation in the fatty tissue
of whatever creature that consumes it (41).

A review from 2012 had a closer look at this agent (42). In a large study of Finnish men,
exposure to insecticides was associated with an increased risk of seminoma (43). In a small
Norwegian case-control study it was shown that increased plasma levels of p,p'-DDE, a
metabolite of DDT, weakly increased the risk of developing TGCT (44). A larger case control
study backed up these findings that men with seminoma also had higher plasma
concentrations of p,p'-DDE and also chlordanes, while men with non-seminoma germ cell
tumors only had elevated p,p’-DDE concentrations (45). Despite all these studies proving
association, a case-control study in the Washington region compared serum levels of TGCT
cases to controls, which showed no increase of organochlorine serum concentrations in men

with testicular cancer (46).

The review by Beranger, R. et. al from 2012 also mentioned eight studies that investigated
environmental exposure to organochlorines using blood samples or questionnaires (23). The
review reported form the study, already mentioned in the review from 2012. This study
proved elevated plasma p,p'-DDE to be associated with TGCT risk, especially with
seminomas (45). Other studies did not report any association with trans-nonachlor, total
chlordanes, and p,p -DDE serum levels. (37, 44-48)

A nested case-control study of prenatal exposure to DDT and testicular cancer demonstrated
that mothers of cases had a higher ratio of p,p"-DDT to p,p"-DDE (p < 0.03) and lower o,p’-
DDT (p < 0.25) (49). p,p -DDEs are metabolites of p,p’-DDT (42). This corresponds to early
DDT exposure during pregnancy and a slower elimination of p,p’-DDT among mothers of

cases. However, these findings were of low statistical power.

A systematic review and meta-analysis from 2016 (50) investigated different possible risks to
the male reproductive system when exposed to different environmental pollutants. Among the
risks investigated were testicular cancer and the most frequent examined compound was
DDT. The eight articles provided 36 risk estimates, of which 26 were above unity and nine
exceeded a relative risk of 2 (50). The results are shown in the figure below and the overall
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OR was calculated to be 1.20 (95% CI 0.78-1.89), meaning a slightly elevated risk, but still

not statistically significant.
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Figure 4: Results from the review article “The epidemiologic evidence linking prenatal and postnatal exposure to
endocrine disrupting chemicals with male reproductive disorders: a systematic review and meta-analysis” (50).

The review Adolescent and adult risk factors for testicular cancer (51) also investigated
reports that examined whether serum levels of organochlorine pesticides and their
metabolites, with DDT and it’s breakdown product DDE among them, are associated with
testicular cancer. Eight reports examined whether serum levels of organochlorine pesticides
and its metabolites are associated with testicular cancer. Molecular studies are likely to be
accurate to evaluate exposure than self-reported based studies due to recall bias. Out of the
eight reports six reports included men who had been diagnosed with testicular cancer, while
three studies included mothers of sons who developed testicular cancer. All four studies that
investigated DDT and DDE reported no association with DDT and testicular cancer (44-46,
48). However, three of these four studies found that DDE had positive association with
testicular cancer (51). A later study also reported the positive association found in the

previous studies to DDE and cancer (37).
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Table 3: Summary for DDT and the risk of TGCT

Article/Type of article

Positive findings

Negative findings

Environmental toxicology of

testicular cancer (42)/ Review

Occupational and environmental
exposures associated with
testicular germ cell tumours:
systematic review of prenatal
and life-long exposures (23)/

Review

Prenatal DDT exposure and
testicular cancer: a nested case-
control study (49)/ Full length

research report

The epidemiologic evidence
linking prenatal and postnatal
exposure to endocrine disrupting

chemicals with male

- exposure to insecticides
was associated with an
increased risk of
seminoma (43)

- increased plasma levels of
p,p'-DDE weakly increased
the risk of developing
TGCT (44)

- Men with seminoma had
higher plasma levels of
p,p'-DDE and chlordanes,
while men with non-
seminoma germ cell
tumors only had elevated

p.p'-DDE (45)

A study found that higher p,p’-DDE
serum concentrations are
associated with TGCT risk
(mentioned in the findings in the

article above) (45).

Mothers of cases had a higher
ratio of p,p’-DDT to p,p -DDE and
lower o,p’-DDT than mothers of

controls. Low statistical power.

OR was calculated to be 1.20 (95%
ClI 0.78-1.89). Meaning a slightly
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reproductive disorders: a elevated risk for TGCT, although
systematic review and meta- not statistically significant.

analysis (50)/ Review

Adolescent and adult risk factors | Four studies reported positive 4/4 studies reported no association
for tjesttcular cancer (51)/ association with DDE serum levels | with DDT serum levels and
Review
and testicular cancer (37, 44, 48, testicular cancer (44-46, 48) (Three
52). of these articles have already been
mentioned above).
Pesticide exposure and serum Serum levels of p,p’-DDT 2>0.2

organochlorine residuals among
testicular cancer patients and
healthy controls (37)/ case- for having TC.
control

ng/mL gave an OR adjusted at 3.21

Together with HCB the OR
adjusted was 3.34.

Hexachlorobenzene
Hexachlorobenzene (HCB) is an organochlorine and is listed as a POP under Annex A and

Annex C, chemicals for elimination and chemicals for reduction of unintentional release
respectively, in the Stockholm Convention (15). It was introduced as a fungicide and
extensively used on wheat crops in Eastern Turkey 1954-59 resulting in a variety of
symptoms in consumers like neurological abnormalities, hirsutism, weakness and
porphyrinuria (53). It was also proven that mothers transferred HCB concentrations over to

their offspring through the placenta and breast milk (54).

The Finnish-Danish study from 2010 collected breast milk samples from 68 mothers of
healthy boys to investigate the amount of chemicals in the breast milk (54). The chemicals
that were found in significant larger amounts in the Danish breast milk compared to the
Finnish were 1,2,3,4,7,8-heptachlorodibenzodioxin (1,2,3,4,7,8-HCDD), dieldrin and HCB.

A previously mentioned case-control study from 2015 also found association of consumption
of dairy products and TGCT (32). This corresponds to the fact that consumption of dairy
products are the highest in the Scandinavian countries which also have the highest incidence

of TGCT. The authors argue that dairy, meat and fish are the highest contributors to
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organochlorines in the diet, through plants contaminated by pesticides being consumed by the
animals which further accumulates in the food chain. However, there were no significant
association between TGCT and consumption of meat, fish or fruit and vegetables. There was
non-statistically significant risk for TGCT for individuals with increased HCB serum
concentrations. There were statistically significant differences between cases and controls
regarding total PCB and the sum of HCB + PCB concentrations.

HCB serum concentrations were measured in a case-control study (37). When comparing the
measured serum HCB concentrations for cases and controls only 3 out of 50 cases had a
serum concentration > 0.2 ng/mL. Although none of the controls measured serum
concentrations at 0.2 ng/mL or above, this finding was not significant. When the serum levels
of HCB and p,p -DDE this gave an OR adjusted = 3.34.

Table 4. Summary for HCB and the risk of TGCC

Article/Type of article

Positive findings

Negative findings

Adolescent and adult risk factors

for testicular cancer (51)/Review

One study suggested a possible
association with high serum
concentrations of HCB and

testicular cancer (37).

Three studies did not show any
association between HCB and

testicular cancer (44, 46, 48).

Country-specific chemical
signatures of persistent
environmental compounds in
breast milk (54)/ Full length
research study with including an

ecological study

The breast milk of Danish mothers
generally had higher
concentrations of measured HCB
than the breast milk of Finnish
mothers. Danish men have a
higher incidence of testicular

cancer compared to Finnish.

Exposure to polychlorinated
biphenyls and
hexachlorobenzene, semen
quality and testicular cancer risk

(32)/ Case-control

PCB + HCB serum concentration
had a statistically significant
increase in testicular cancer risk
(14.4 %) compared to controls

(1.0 %) (p < 0.001).

HCB was detected in five cases and
one control; this difference was not
statistically significant (OR 4.25;

95 % C1 0.49-36.97; p = 0.22).
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Pesticide exposure and serum
organochlorine residuals among
testicular cancer patients and
healthy controls (37)/ Case-

control

Only cases (three individuals) had a
serum concentration of HCB >0.2

ng/ml (p Fisher <0.01).

p.p’-DDE +HCB were significantly
associated with higher risk of
testicular cancer (OR =3.15.95 %
Cl: 1.00-9.91; ORadjusted =3.34, 95 %
Cl: 1.09-10.17).

When measuring only HCB the

finding was not significant.

Hexachlorocyclohexanes

Hexachlorocyclohexanes (HCH) is a group with many isomers for this molecule structure and

belong to the group of organochlorine pesticides. The Stockholm Convention listed the

isomeres a- and B-HCH as POPs under Annex A, meaning that parties must take measures to

eliminate the chemicals listed. B-HCH is highly persistent, also in colder waters, and can

therefore accumulate in the food web in the arctic waters (15).

The already mentioned review Adolescent and adult risk factors for testicular cancer (51)

investigated a few other organic compounds. Two molecular studies have been performed on

B-HCH and y-HCH. There was no association between TGCT and y-HCH observed, and only

one study showed increased risk with TGCT and B-HCH (51).

Table 5: Summary for HCH and risk of TGCT

Article/Type of article

Positive findings

Negative findings

Adolescent and adult risk factors
for testicular cancer (51)/

Review

One study found evidence of an
increased risk of TGCT with B-HCH

concentrations in serum (46).

No evidence of an association with
TGCT and y-HCH concentrations in
serum (44, 55).
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Other pollutants, pesticides and fungicides
The review by Beranger, R. et. al (23) found an excess TGCT for men with hobbies that

potentially involved endocrine disrupting chemicals during adolescence (like the involvement
of paints, glues, or solvent), but a different outcome was described for occupational exposure
to the same chemicals (chlordane, DDT, dieldrin, Mirex) (50). An excess risk with self-
reported domestic insecticide use (without specifying what chemicals the insecticides
contained) was reported by Giannandrea, F et. al (37), but blood samples of p,p’-DDE and
HCB could not confirm the findings. HCB has been assessed in four studies, and only one

study suggested a weak association (51).

One study found an excess risk for TGCT in sons born to mothers with high serum
concentrations of insecticides and fungicides (HCB and chlordanes) in maternal serum, as
well as high PCBs and polybrominated diphenyl ethers (PBDE) concentrations. The maternal
blood serums were however collected at time of the diagnosis, and there is likely to have been

some selection bias.

In four molecular epidemiological studies, chlordane and its derivates (oxychlordane, cis-
nonachlor, trans-nonachlor and MCG6) have been under the loop. Three of these studies
supported increased risk for TGCT with association of cis-nonachlor and trans-nonachlor(51).
Little evidence indicated increased risk with MC6 and oxychlordane or other derivates of

hexachlorocyclopentadiene (e.g. heptachlor, dieldrin and mirex).

Table 6: Summary of other pesticides and fungicides and the risk of
TGCT

Studied Article/Type of article Positive findings Negative findings
pollutant(s)

Occupational and An excess risk with self-
environmental exposures reported domestic
associated with testicular insecticide use (37).

germ cell tumours:
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systematic review of
prenatal and life-long

exposures (23)/ Review

1,2,34,7,8-HCDD,
dieldrin, and

many more

Country-specific chemical
signatures of persistent
environmental compounds in
breast milk (54)/ Full length
research study including an

ecological study

The breast milk in Danish
mothers generally had
higher levels of measured
persistent bio
accumulative chemicals
than the breast milk of
Finnish mothers. Danish
men also have a higher
incidence of testicular

cancer.

Chlordane and its
derivatives
(oxychlordane,
cis-nonachlor,
trans-nonachlor

and MC6)

Adolescent and adult risk
factors for testicular cancer

(51)/ Review

Three studies supported
associations between both
cis-nonachlor and trans-
nonachlor and increased
risk of testicular cancer

(44, 45, 48).

One study did not support
association between the
chemicals and testicular

cancer (46).

Polychlorinated biphenyls
Polychlorinated biphenyls (PCBs) are a group of compounds that are listed as POPs under

Annex A with specific exemptions and under Annex C in the Stockholm Convention. They

are used in a wide variety of areas for example as heat exchange fluids, in electric

transformers and as additives in paint and in plastics. Mass poisoning of rice fields in Japan in

1968 and Taiwan in 1979 caused consumers a variety of symptoms like nausea, fatigue,

pigmentation of skin, nails and mucous membranes and increased secretion from eyes (56).

Severity of symptoms were closely linked to the amount of consumed rice oil and PCB

concentration measured in blood serum. PCB exposure has also been linked as the cause for

reproductive failure in seals (57).
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In Beranger, R. et. al’s review (23) a Swedish registered-based cohort study suggested a non-
significant increased risk for TGCT in men living in environments contaminated by PCBs and
heavy metals (58).

Another review (42) also found articles with inconsistent conclusions concerning our research
question. In a case-control study in 2015, PCB serum concentrations were higher in the
mothers of the 125 TCGT cases than in the mothers of the 103 controls (OR 3,8) (32). The
long half-life of PCBs was taken into account, the levels could also have been elevated during
pregnancy (32).

The review Adolescent and adult risk factors for testicular cancer (51) presented Swedish
(59) and Norwegian (44) case-control studies which proved PCBs to have positive association
with TGCT. The review discussed the main weakness of the studies was having only small
sample sizes and its strength that the Norwegian study also included prediagnostic samples.

All the three reviews (23, 42, 51) were discussing a larger US case-control study that showed
possible inverse association between PCBs and testicular cancer (24, 52). After analyzing
prediagnostic samples of cases and controls they concluded that the findings of this study did
not support the hypothesis of any association between PCBs and TGCT. This study is also

already mentioned in this present review in the Pesticide subchapter.

Table 7: Summary for PCBs and the risk of TGCT

Article/Type of article Positive findings Negative findings

Occupational and environmental | A cohort study found a non-

exposures associated with significant increased risk of TC for
testicular germ cell tumours: men living in an area contaminated
systematic review of prenatal by PCBs and metals (58).

and life-long exposures (23)/

Review
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Environmental toxicology of

testicular cancer (42)/ Review

Higher serum concentration of
PCBs in the mothers of 125 TGCT
cases than in the mothers of 103

controls (32).

Adolescent and adult risk factors
for testicular cancer (51)/
Review

Two studies proved PCBs to have
positive association with TGCT (44,
59).

Inverse effects of PCB serum

concentrations to TGCT (24, 52).

Country-specific chemical
signatures of persistent
environmental compounds in
breast milk (54)/ A full length
research and ecological study

Danish mothers had generally
higher measured concentrations of
PCB-156, PCB-157 and PCB-209 in
the breast milk than Finnish
mothers. Danish men also have a
higher incidence of testicular

cancer.

Exposure to polychlorinated
biphenyls and
hexachlorobenzene, semen
quality and testicular cancer risk
(32)/ Case-control

PCB serum concentrations were
measured to be higher in the
mothers of the TCGT cases than in
the mothers of the controls (OR

3,8).

PCB + HCB serum concentration
had a statistically significant
increase in testicular cancer risk
(14.4 %) compared to controls

(1.0 %) (p < 0.001).

Bisphenols

Bisphenols are a group of chemicals used as additives in production of plastics, epoxy resins

and other products. They show a short elimination half-life in organisms and are not regulated

under the Stockholm Convention.

A cell-study from 2018 produced data that indicates that bisphenol-AF (BPAF) exposure

inhibits progesterone in hCG-stimulated mLTC1-cells (60). BPAF is a fluorinated compound
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related to bisphenol-A (BPA). The difference of the two is that two methyl groups on BPA
have been replaced with trifluormethyl groups in the BPAF (61). It’s progesterone inhibition
properties is through reducing the expression of SR-B1 and P450scc when inducing a
disruption in cellular cAMP, and thereby decreasing CAMP. The cells were cultured in 6-well
plates. The progesterone secretion by mLTC1-cells wasn’t affected until the BPAF exceeded
30 uM BPAF compared to the control group. cCAMP were dramatically affected at 30 uM
BPAF and upwards. mRNA expression levels of luthenizing hormone receptor, PBR and 3f-
HSD were not affected. PBR and 3B-HSD transport cholesterol to mitochondria in Leydig
cells and convert pregnenolone to progesterone. SR-B1 and StAR, both related to cholesterol

transportation was significantly effected at 70 uM BPAF exposure.
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Figure 5: Progesterone and cAMP levels under influence BPAF(60)

BPA is an active compound by itself and has a short half-life, less than 6 hours. It is widely
used in plastic. In the mouse, rat and human fetal testis cells the testosterone production was
reduced at high doses BPA (60). The human fetal testis cells was also sensitive to lower doses
(108M). This was also a finding in a study (62) mentioned in the review Effects of endocrine

disruptors on the human fetal testis (63).

The review Occupational causes of testicular cancer in adults (36) reported of findings from
a cell study that proved that BPA stimulates seminoma cell proliferation through a membrane
receptor belonging to the G-protein-coupled non-classical membrane estrogen receptor family

(64). Another study on humans and occupational exposure showed an excess risk for
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testicular cancer when working in occupations with exposure to polyvinyl chloride (65).
However, in a later case-control study by the same authors there was no longer an excess risk

of testicular cancer for occupational polyvinyl chloride exposure demonstrated (66).

Table 8: Summary for bisphenols and the risk of TGCT

Article/Type of article

Positive findings

Negative findings

Mechanism of bisphenol AF-
induced progesterone inhibition
in human chorionic
gonadotrophin-stimulated
mouse Leydig tumor cell line
(mLTC-1) cells (60)/ Cell line
study

- Progesterone levels
decreased at
concentrations > 30 uyM.

- Decreased cAMP
production.

- Levels of SR-B1 at 70 uM
and P450scc protein
expression were reduced
in cells exposed to 50 and
70 uM BPAF. StAR was
markedly decreased at 70
uM.

Levels of mRNA of LHR, PBR or 3f3-

HSD was not altered.

Effects of endocrine disruptors
on the human fetal testis (63)/

Review

At high doses BPA reduced the
testosterone production of rat,
mouse and human fetal testis.
Human fetal testis was also
sensitive to lower doses (1078M)

(62).

Occupational causes of testicular

cancer in adults (36)/ Review

A study showed an excess risk of
testicular cancer for occupational

exposure to polyvinyl chloride (65).

BPA stimulates seminoma cell

proliferation triggered through a

From a case-control study: No
excess risk of testicular cancer for
occupational polyvinyl chloride

exposure demonstrated (66).
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membrane receptor belonging to
the G-protein-coupled non-
classical membrane estrogen

receptor family (64).

Polybrominated diphenyl ethers & Perfluoroalkyl substances
Polybrominated diphenyl ethers

Polybrominated diphenyl ethers (PBDES) are organobromine chemicals used as flame
retardants in a broad application field and belong to the group of POPs regulated in the
Stockholm Convention (15).

One individual PBDE, BDE-47, was under investigation in a 2012 cell culture study. The

research found that mLTC-1 produced less progesterone, reduced the activity in P450scc and
reduce intracellular cAMP under exposure to BDE-47 compared with the control groups (67).
In other words, BDE-47 was found to have much of the same effect on mLTC-1 as BPAF, as

mentioned earlier in the present review.

Perfluoroalkyl substances
Perfluoroalkyl substances (PFAS) have been used in very broad applications due to their

unique physico-chemical properties. PFAS have been used in paper- and food packaging
materials, as impregnation agent for furniture and outdoor equipment, in creams and
cosmetics, as non-stick coatings metal coatings for frying pans, fire fighting foams,
pesticides, pharmaceuticals and in the paint, photography and chrome plating industry.
Perfluorooctane sulfonate (PFOS) and perfluorooctanate (PFOA) are the most known PFASs

and are declared as POPs in the Stockholm Convention.

In a cell study (68) PFOA was found to have a biphasic effect on testosterone and
progesterone production in mLTC-1 cells when the cells were subjected to 0, 50, 100 or

200 uM PFOA for 48 h. It altered the fatty acid transportation into mitochondria and disturbed
cholesterol synthesis(68). The research concluded that PXR, SR-B1 and LHR are sensitive to
PFOA. These findings were supported by another publication, however it argued that human
LHR are less sensitive than rat LHR (69).
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The risk for testicular cancer among firefighters was examined within a study from the Nordic

countries. Firefighters are a professional group that is considered to be exposed to multiple

carcinogens. The study proved no increased risk to testis cancer in firefighters (70).

Table 9: Summary for PBDEs and PFAS and the risk of TGCT

Studied | Article/type of article Positive findings Negative findings
pollutant
Cancer incidence among The study proved no
firefighters: 45 years of follow- increased risk to testis
up in five Nordic countries (70)/ cancer in firefighters
Cohort
BDE-47 2,2',4,4'-Tetrabromodiphenyl BDE-47 decreased progesterone
ether (BDE-47) decreases production in mLTC-1 cells. This
progesterone synthesis through | may be associated with the
cAMP-PKA pathway and decline of intracellular cAMP
P450scc downregulation in level. The site G protein in CAMP-
mouse Leydig tumor cells (67)/ PKA pathway may be involved in
Cohort this process. BDE-47 reduced the
activity of P450 side chain
cleavage enzyme (P450scc),
which was companied with the
decline of P450scc mRNA and
protein level in mLTC-1 cells.
PFOA Biphasic effects of PFOA altered the fatty acid
perfluorooctanoic acid on transportation into mitochondria
steroidogenesis in mouse Leydig | and disturbed cholesterol
tumour cells (68)/Cohort synthesis in mLTC-1.
Mode of Action analysis of Human Leydig cells are not
perfluorooctanoic acid (PFOA) as sensitive as rat Leydig
cells to LH stimulation. The
relevance of the induction
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tumorigenicity and Human

Relevance (69)/Review

of Leydig cell tumors in the
rat by PFOA to humans is

still not understood.

Dimethylformamide

Dimethylformamide (DMF) is a hydrophilic solvent with a high boiling point and used in the

production of acrylic fibers and plastics and a couple of other applications (e.g. pesticides,

pharmaceuticals, adhesives).

A review (42) mentioned a case-control study with 11 men diagnosed with TGCT, only three

men had been exposed to DMF (71). Thus, no higher risk was evident.

Table 10: Summary for DMF and the risk of TGCT

Article/type of article Positive findings

Negative findings

Environmental toxicology of

testicular cancer (42)/ Review

From a case-control study: Out of
11 patients with TGCT, only three
were exposed to DMF. No higher
risk of TGCT compared with controls

(71).

Occupational causes of
testicular cancer in adults (36)/

Review

No epidemiological study have
confirmed a link between TC risk

and DMF exposure (72, 73).

Phthalates

Phthalates are a group of chemicals used in a broad range of products as for example blood

bags, toys, vinyl floor and wall covering, lubrication oils, food packaging, pharmaceuticals

and personal care products. They have a short elimination half-life and are therefore not
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regulated under the Stockholm convention. A couple of them are known to have endocrine

disrupting effects.

Diethylhexyl phthalate (DEHP) and di-n-butyl-phthalate (DBP) are the most abundant
phthalates, and when ingested by humans, they turn into the metabolites mono-(2-ethylhexyl)
phthalate (MEHP) and mono-n-butyl phthalate (MBP) (63). MEHP was proven to have
several effects that enhanced tumour progression and metastasis in a study on a human
testicular embryonal carcinoma cell line NTERA-2 cl (74). Following MEHP exposure,
NT2/D1 cells had an increased ability to digest and migrate into the basement membrane
matrix (Matrigel in this case). This phenomenon was dependent on an increased activity of
MMP2, caused by MEHP. MEHP also downregulated the expression of genes for tight-
junction and adherens junction, which also enabled the increased migration. The Myc
transcription factor was activated after MEHP exposure, which could be an underlying
mechanism for MMP2 activation after MEHP exposure.

In rats, phthalates have been proven to have in utero effects, and induce germ cell loss in the
early stage of the developing testis, and multinucleated germ cells were observed at a later
stage in the developing of the testis (63). In humans, only germ cell loss and apoptosis were
observed when exposed to MEHP at very low doses. When exposed to DBP, multinucleated
germ cells were after short time observed in the fetal xenograft testis, but no decrease in
density of germ cells was found. Though demonstrated that in utero phthalate exposure has a
proven effect to impair the testosterone production in rats testis, both in vitro and in vivo, this
has not been verified in humans (63). Interestingly, in other animals, like mice, phthalate

exposure has increased the testosterone secretion.

A study from Sweden found that men working with polyvinylchloride (PVC) had a 6-fold
higher rate of seminoma than controls (OR 6.6), and that men working with plastic containing
PVC and phthalates had a OR of 2.9 of developing TGCT (42). However, in a larger case-
control study, exposure to PVC did not show an increased risk for testicular cancer, and the

same finding had a Danish study with 3,700 workers.

It has been proven that human testis are less sensitive to synthetic estrogen than testis of
rodents (63).

28



Table 11:

Summary for phthalates and the risk of TGCT

Phthalate (MEHP) Promotes
Invasion and Migration of
Human Testicular
Embryonal Carcinoma Cells

(74)/ Cell line study

triggered by MEHP indicate that

exposure may act to enhance tumor
progression/metastasis in testicular
embryonal carcinoma cells. Findings

related to this were:

- Upregulation of MMP2
- Upregulation of MYC
- Down regulation of GJA1

- Reduction of vinculin mRNA

Studied | Article/type of article Positive findings Negative findings

pollutant

Phthalates | Country-specific chemical No country-specific
signatures of persistent pattern regarding non-
environmental compounds persistent phthalates in
in breast milk breastmilk.
(54)/Ecological study

MEHP Mono-(2-Ethylhexyl) Multiple cellular mechanisms

Effects of endocrine
disruptors on the human

fetal testis (63)/ Review

In the developing human testis in
organ culture MEHP induce germ cell
apoptosis. Observed after a short
exposure (three days) and at mild
doses (107°M), compatible with the

human exposure (75).

Multinucleated germ cells in human
fetal testis xenografts after a short

exposure of DBP (76).

There has been no proven
effect of testosterone
impairment in human fetal
testis after phthalate
exposure, although it has
been observed in rat testis

(76-78).

In mice, phthalates can
induce a positive effect on
testosterone secreted in

cultured fetal cells (79).
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Occupational causes of Phthalates have been shown to be
testicular cancer in adults associated with anomalies of the
(36)/ Review male reproductive tract after in utero
exposure in rats (80) and in humans

(81).

PVC Environmental toxicology of | A significantly higher rate of TGCT In one Swedish and one
testicular cancer (42)/ was found in men who were plastic Danish case-control study
Review workers (OR 2.9, 95% Cl 1.3-6.5). no association was found

When the chemical compounds were | between PVC exposure and
evaluated in detail, men who worked | development of TGCT (83,
with PVC had a 6-fold higher rate of 84).

seminoma compared with controls

(OR 6.6, 95% Cl 1.4-32) (82).

Discussion

All in all, the articles presented above were divided in whether there is an association between
the research environmental pollutant and testicular cancer or not. This discussion part will
first briefly go through the different study design of the articles yield from the literature
search and evaluate the scientifically value of each design. Thereafter, the results of the cohort
studies, cell line studies and the studies with serum measurements will be presented and
discussed. In relation to the findings of the literature search the Hill’s criteria for causation
will be assessed. At the end of this chapter the findings will be discussed in relation to earlier
studies and hypothesis on testicular cancer, as well as the weaknesses and strengths of this

study.

Study designs

The results from the research where studies of different designs. Study designs are
standardized ways of performing a research. There are strengths and weaknesses with all

study designs and some are viewed of higher scientifically value than others.
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Figure 6: This pyramid illustrates the value of different study designs. The study designs at the top are the ones
highest valued, while the ones at the bottom are least valued. Source: (85)

Ecological study
Only one study in this review, that assessed the difference in environmental pollutants in

breast milk of Finnish and Danish mothers (54), was an ecological study. This study design is
often used for generating hypothesis as they study risk-modifying factors on outcomes in
populations. They may include many people and multiple risk modifying factors and is not
very time consuming. This design is not shown in the pyramide above and is valued as having
a low value as they may not show true association between the risk factor and outcome. When
a group of people show a high incidence of a certain disease and a high labor of a suspected
risk factor, it does not necessarily mean that it is the studied risk factor that causes the disease.
Correlation does not necessarily mean causation. This could be summed up as cause-effect

bias.

Case-control study
Four of the studies included in this review are case-control studies. In these studies, the

researchers find cases (i.e. testicular cancer patients) and investigate earlier exposures or
experiences to later compare them with controls. In this manner the odds of having an
experience with the outcome to the odds of having an experience without the outcome can be

compared. Case-control studies are inexpensive and are not that time consuming.
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A weakness with most of the case-control studies included in the present review seems to be
that the studies are estimating the EDC concentrations the subjects have been exposed to
through their life-spans. They rely on estimates and recollection of samples of the subject or
parents. This cannot tell the exact concentration the subjects actually have been exposed to,
neither the actual total body burden since a part of the pollutants are stored in lipid rich tissue.

For instance, in the review article investigating Agent Orange, the authors admit that there are
no objective data to quantify TCDD exposure, such as for example serum measurements of
TCDD (34). The review based their research mostly on case-control studies as there are few
other data. Most of the studies included in the review relied on geographical models to
extrapolate exposure. Due to a financial compensation for those who have been exposed and
later developed malignancy, one should also take into account a potential bias for patients to
admit to Agent Orange exposure. This is known as recall bias and weakens the value of this
study design.

Cohort study
Two of the articles in this review are cohort studies. This design is more valued than of the

two previous ones. Of the strengths of this type of study is that the exposure is measured
before outcome (disease) which makes it good for measuring rare exposures. Although,
cohort studies do have weaknesses. Contrary to case-control studies cohort studies can be
very expensive and time consuming. They are also prone to bias due to loss of follow-up, and
to confounding. Further, depending on for how long the study is lasting, the participants may
move between exposure groups. The participants™ awareness of being a part of a study may
also alter their behavior. The knowledge of exposure may bias the classification of the

outcome.

Literature review
As illustrated in the pyramid above literature studies are viewed as having a high quality and

their findings of high value. These types of studies, like this paper, summarize previous
research done at specific topic. Eight papers in this review were literature reviews. The most
prominent weakness of this study design is that it is limited by the writer and could be heavily
influenced by selection bias. This means that since the writer is the one selecting the articles

to be used in the review, and his or her choices would be heavily affected by background,
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interests and knowledge of the writer. Articles that could be of relevance for the study could

therefore be left out of the review, or not so relevant articles included, due to selection bias.

The Cohort studies
The cohort studies will each be discussed separately in this subchapter. This is due to the

strong scientific value cohort studies have compared to other studies, and that they evaluate
one single exposure and its outcomes. However, the cohort studies presented here do not
provide measured concentrations of environmental pollutants in blood serum, urine or other
body fluids. Therefore, the quality of these studies is not as high as studies that are providing

such measurements. The studies follow the participants over years, which is a strength.

Mortality and cancer incidence among British agricultural pesticide
users (27)
In this cohort the group studied were individuals with Certificates of Competence issued by

City & Guilds Land Based Services since 1987 and that had given their consent to give their
personal details. It was a total of 62 960 participants. They were followed up during the time
period between 1987 and 2004 for cancer incidence (2005 for mortality). The incidence and
mortality for the types of cancers investigated were then compared to the incidence with the
rest of the British population. For the incidence of testicular cancer for British agricultural
pesticide workers the Cl was 1.04-1.53. The real exposure to each individual was not

measured.

The authors of the study highlight a weakness to the study; the database did not have
information on potential confounding factors, such as smoking history, physical activity and
hours spent outdoors, which would need to be collected through additional research. The
study only included individuals that were certified to use agricultural pesticides and could
therefore have excluded individuals that use agricultural pesticides on a commercial basis

without certification.

Cancer incidence among firefighters: 45 years of follow-up in five Nordic
countries(70)
Male fire fighters from the five Nordic countries were followed up during the period of 1961-

2005 to check for cancer incidence through the cancer registries of their respective country.
The incidence of testicular cancer was decreased for fire fighters (SIR=0.51, 95% CI 0.23 to

0.98). Neither in this study was real exposure measured.
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Studies with serum measurements
A few studies measured serum levels when studying the risk of testicular cancer and the

researched chemical. These are viewed as the studies of highest value in this present review.
The researchers have more clear estimates when evaluating true exposure to the chemical
when measuring chemicals. They have enough cases although it is hard when the diagnosis is
this rare. They also control for confounders. Only the findings related to measured levels of
chemicals will be discussed in this part. Additional findings relating to self-reported exposure
will not be discuss, only mentioned. Nor will findings related to other conditions be
discussed. All the studies found somewhat of an association between high concentrations of

chemicals and testicular cancer. The studies are commented below.

Pesticide exposure and serum organochlorine residuals among
testicular cancer patients and healthy controls (37)
This Italian case-control study investigated the relation between serum concentration

organochlorine pesticides and the risk of having testicular cancer. 50 testicular cancer cases
and 48 controls, all males aged 18-45 years, were all recruited between October 2006 and
September 2008 at the Laboratory of Seminology and Sperm Bank, Department of Medical
Pathophysiology, by the local Institutional Review Board.

Cases were confirmed by histological examinations and evaluated ~1 month after
orchidectomy. Blood samples were collected and the organochlorine pesticides included in
this study were p,p -DDE and HCB. Cases and controls were well balanced for age, BMI and
place of recidence and did not have any other type of cancer. There were detectable values of
at least one chemical in 32 % of the samples from TC patients and 11 % in the control group.
The number of detectable samples for HCB was small but all were measured in cases. Only 3
cases measured >0.2 ng/ml, giving a p Fisher <0.01. The maximum detected value for HCB

was 0.83 ng/ml.

The maximum measured serum concentration of p,p’-DDE, was 1.2 ng/ml, also measured in a
case. The risk for testicular cancer when having detectable values of p,p’-DDE >0.2 ng/ml;
OR =3.02, 95 % CI: 1.00-9.27. The association was less significant when adjustment for
educational level and prenatal factors like mother’s age at birth and parity (ORagjusted =3.21
95% ClI: 0.77-13.30).
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When evaluated together higher serum concentrations of p,p’-DDE +HCB were significantly
associated with higher risk of testicular cancer (OR =3.15. 95 % CI: 1.00-9.91; ORuadjusted
=3.34, 95 % CI: 1.09-10.17)

The authours also discussed that the results may have biological confounding factors as there
were more reproductive birth defects in cases than controls (P<0,01). This is supported by

earlier litterature.

This study partially supports the hypothesis of Endocrine Disrupting Chemicals beeing the
cause of testicular cancer. However, the sample is small, and the rarity of the tumour is a
weakness for the study. Balancing the cases and controls with background and BMI and

analyzing the samples in the same time periode are strengthens to the study.

Exposure to polychlorinated biphenyls and hexachlorobenzene, semen
guality and testicular cancer risk (32)
A later case-control study was performed by many of the same scientists as from the study

describes above. This study focused on serum concentrations of PCBs and HCB in testicular
cancer cases versus controls, and also semen quality. It was performed in pretty much the
same manner as the previous study. In this study the individuals included were 125 testicular
cancer patients aged 29.6 *+ 5.9 years (seminoma and non-seminoma) and 103 controls aged
31.3 £ 6.6 years. The cases were recruited from the Laboratory of Seminology-Sperm Bank at
the Department of Experimental Medicine, University of Rome ‘La Sapienza’. The testicular
cancer cases were evaluated, and seminal fluid and blood serum were collected approximately
1 month after orchiectomy and before beginning chemo- or radiotherapy. The healthy controls
were recruited in the same department undergoing an andrological examination and semen
analysis in a national screening campaign. Cases and controls were balanced for BMI and

residence.

Detected concentration of the sum of the 9 analyzed PCB congeners were found in 16 cases.
None of the PCB congeners were detected in controls giving a statistically significant
difference (p < 0.001). HCB was detected in five cases and one control; this difference was
not statistically significant (OR 4.25; 95 % CI 0.49-36.97; p = 0.22). When looking at total
detectable values of PCBs and HCB there was a statistically significant increase in testicular
cancer risk (14.4 %) compared to controls (1.0 %) (p < 0.001).
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Again, this study partially supports the theory that some chemicals may have an impact when
it comes to the development of testicular cancer.

Country-specific chemical signatures of persistent environmental
compounds in breast milk (54)
This study analyzed a total of 121 chemicals in the breast milk of Danish and Finnish mothers

to newborn sons. The data set for this analysis was obtained between 1997 and 2001. Only
breast milk of the 68 mothers (36 Danish and 32 Finnish) who gave birth to boys without
malformations of dysfunctions were included in the study. Laboratories and technicians were

blinded for country of origin when analyzing the samples.

54 chemicals had significantly higher concentrations in Danish than in Finnish breast milk
samples before correction of multiple testing (p < 0.05). After correction the following
chemicals were still differing significantly in concentration: Dieldrin, HCB, 1,2,3,4,7,8-
HCDD, PCB-156, PCB-157 and PCB-209. After correction none of the chemicals measured
were significantly higher in Finnish breast milk compared to Danish. Before correction MBP,
methoxychlor and PCB-51 were higher in Finish breast milk than Danish. Other of the

measured chemicals did not show a significant difference between the two countries.

Since the incidence of cancer is three to four folds higher in Denmark compared to Finland

the findings of chemicals in human breast milk was viewed as highly interesting.

Prenatal DDT exposure and testicular cancer: a nested case-control
study (49)
This study is based on existing data available from The Child Health and Development

Studies (CHDS). A 40- year follow-up of over 20,000 pregnancies in Northern California
between 1959 and 1967. Fifteen of 9,744 live-born sons were diagnosed with germ cell
testicular cancer later in life. Each case was matched to three controls with regard to ethnicity
and birth year. The maternal serum samples obtained postpartum and were compared between
cases and controls investigating DDT and related residuals and associated with the son’s risk

of testicular cancer.

The measurements showed that mothers of cases had lower serum concentrations of p,p'-
DDT, o,p"-DDT and p,p'-DDE than to their matched controls. A significantly higher ratio of
p,p"-DDT to p,p'-DDE in 11 of 15 cases was observed. p<0.03 for the Wilcoxon matched
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pairs signed ranks test and was significantly associated with testicular cancer risk in exact
conditional logistic regression analyses (p<0.01). Testicular cancer cases had significantly
shorter gestations. The study has low statistical power due to the low number of cases.

Cell culture studies
Four of the studies yield from the literature search were cell culture studies. It’s not suggested

to draw a definite conclusion concerning carcinogenic properties from these studies.
However, these types of experiments show possible biological mechanisms the investigated
chemical may have on cells. All of the cell studies in this review indicate that the studied
chemical actually has an effect on the cellular mechanisms in the cells. Some of the
mechanisms might even suggest effects leading to the development of testicular cancer.
Especially mechanisms that lead to alteration of the steroidogenesis are of interest as this
process is of importance for the health development of the testicles. The findings on cellular

mechanisms are summed up below and in a table under the appendix.

2,2',.4,4'-Tetrabromodiphenyl ether (BDE-47) decreases progesterone
synthesis through cAMP-PKA pathway and P450scc downregulation in

mouse Leydig tumor cells(67)
BDE-47 is one of the congeners of PBDESs and is the most prevalent one in abiotic and biotic

environments.

The study was performed on mLTC-1 cell line cultured in RPMI 1640 medium containing
100 1U/ml penicillin, 100 g/ml streptomycin sulfate, 2 g/l sodium bicarbonate and 10% heat-

inactivated fetal bovine serum at 5% CO; and 37 °C.

- Cell viabilities were not affected by BDE-47 exposure after 12, 24 and 48 hours.

- BDE-47 at 5 umol/l and higher significantly decreased hCG-stimulated progesterone
production in a dose-dependent matter. The effect was reversible after removing BDE-
47.

- Did not affect CT-induced progesterone production or intracellular cAMP-formation

- Progesterone were reduced in a concentration-dependent matter when stimulated by
forskolin, after BDE-47 exposure.

- exposure reduced progesterone production and decrease the intracellular cAMP level
induced by hCG or forskolin. The results also indicated that BDE-47 could reduce the
mRNA and/or protein expressions of P450scc and 33-HSD.
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P450scc and 3B3-HSD are both enzymes that are important in the steroidogenesis. P450scc is a
mitochondrial enzyme that catalyzes the side-chain cleavage reaction of cholesterol to
produce pregnenolone. Pregnenolone is further converted by 33-HSD to progesterone. 3p-
HSD is also responsible for other reactions in the production of hormones.

The masculinization process in the development of the testicles is fully dependent on
hormones (21). This study shows that in vitro exposure to BDE-47 is disturbing the
production of progesterone in mouse Leydig tumor cells when stimulated by hCG or
forskolin. However, if the same effect is reproducible in vivo in humans needs further

research.

Biphasic effects of perfluorooctanoic acid on steroidogenesis in mouse

Leydig tumour cells(68)
In this study a MLTC-1 cell line was cultured in RPMI-1640 medium, supplemented with 100

unit/mL penicillin, 100 unit/mL streptomycin and 10% (v/v) foetal bovine serum. Then, the
cells were grown at 37°C with 5% CO; in a humidified incubator. The cells were incubated
for 48 hours in 96-well plates at different concentrations of PFOA (0-300 uM), then 50 uL
MTT (5 mg/mL) was added to each well and the cells were incubated for 4 h at 37°C. Cells

that had not been treated with PFOA were used as controls.

The study investigated multiple cellular molecules. Some of the most important findings are

summarized below:

- The following was not altered:
o PPARua, controls the peroxisomal p-oxidation pathway of fatty acids
o androgen receptor (AR) binds androgenic hormones and regulates male sexual
phenotype gene expression.
o carnitine-acylcarnitine translocase (CACT), a component of the mitochondrial
inner membrane and transfers fatty acylcarnitines into the mitochondria.
o P450scc (catalyses cholesterol side-chain cleavage to pregnenolone) and 17p-
HSD (catalyses androstenedione to testosterone) mMRNA expression.
- The following was induced:
o Pregnane X receptor (PXR) regulates a broad range of genes involved in the

transport, metabolism and elimination of foreign toxic substances.
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Carnitine-palmitoyltransferase ii (CPTii) responsible for connecting carnitine
to long-chain fatty acids, which facilitates them crossing the outer
mitochondrial membrane. CPTii, coding for the inner mitochondrial membrane
protein that converts acylcarnitine to acyl-CoA for further fatty acid
metabolism, was significantly induced following 100 uM or 200 uM PFOA.
Mitochondrial matrix enzyme carnitine acetyltransferase (CRAT), that

catalyses the inter-conversion of acetyl-CoA and acetylcarnitine, after 200 uM

The following were significantly reduced:

o

o

o

©)

©)

Scavenger receptor B1 (SR-B1) mRNA (regulates cholesterol uptake).

Sterol regulatory element-binding protein 2 (SREBP2)

The StAR gene, responsible for cholesterol transport to the inner mitochondrial
membrane.

3B-HSD gene, responsible for converting pregnenolone to progesterone.

CYP17a, has a significant role in steroid hormone synthesis.

The levels of 17-OH progesterone and of testosterone were increased at 100 uM,

however at 200 uM the levels were significantly reduced.

Luteinizing hormone receptor (LHR) triggers Leydig cells to produce androgens when

activated. At low levels no significant alteration was observed. 100 uM PFOA

significantly induced LHR expression. At 200 uM PFOA exposure it was reduced.

The results showed that exposure to PFOA is transported into and accumulate in cytoplasm
and mitochondria. It alters fatty acids transport into mitochondria, the site of steroidogenesis,
in the MLTC-1 cells and disturbs cholesterol synthesis transcriptional profile and secretion.
PXR, LHR and SR-B1 genes were sensitive to PFOA. The cytoplasmic cholesterol transport
was disturbed through inhibiting the SR-B1 uptake function. Steroidogenesis was inhibited
through the LH binding. PFOA can accumulate in mitochondria and alter cholesterol

precursor (cholesterol) production.

The site for steroidogenesis is in the mitochondria of Leydig cells. Inhibiting transport of
cholesterol, of which the sex hormones is produced from, the whole process of synthesis is

inhibited. Whether the same effect is on humans in vivo should be further researched.
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Mechanism of bisphenol AF-induced progesterone inhibition inhuman
chorionic gonadotrophin-stimulated mouse Leydig tumor cell line
(mLTC-1) cells(60)

Mouse Leydig tumour cell line (mLTC-1) cells are cells derived from a Leydig cell tumour

and is commonly used in cell experiments. The cells were exposed to 0, 0.1, 1, 10, 30, 50 and
70 uM BPFA for 24 hours. The study found that BPAF exposure inhibits progesterone
secretion in hCG-stimulated mLTC-1 cells by reducing expression of scavenger receptor class
B type | (SR-B1) and cytochrome P450 (P450scc) due to the adverse effects of CAMP. The
study therefore concluded that BPAF is a potential endocrine disruptor in testicular Leydig

cells. The study did the following findings:

- Progesterone levels decreased with increasing BPAF concentration.

- Progesterone secretion was unchanged at BPAF concentration at 0.1, 1, 10, 30 uM
compared to controls. With increasing doses, progesterone levels also started to drop.

- Exposure to high doses BPAF decreased the cCAMP production — reductions were 86%
at 30 uM, 96.8% at 50 UM and 98.2% at 70 pM.

- The effects on steroidogenic genes: mMRNA of luteinizing hormone receptor LHR,
PBR or 33-HSD was not altered (transport cholesterol to mitochondria and convert
pregenenolone to progesterone).

- Levels of SR-B1 at 70 uM and P450scc protein expression were reduced in cells
exposed to 50 and 70 uM BPAF. StAR was markedly decreased at70 yuM.

- 22R-HC is a hydrosoluble form of cholesterol that can cross the mitochondrial
membrane without the assistance of StAR. Adding 22R-HC led to an increased
production of progesterone compared to controls. However, by introducing BPAF to
the cell the progesterone levels were dramatically decreased again at 50 uM and 70
MM,

SR-BL1 is a receptor on the mitochondria that is facilitating the uptake of lipoproteins — an
important component in the production of steroid hormones. The P450scc is an enzyme in the
cascade of steroidogenesis. The cellular effects proven in this study show that exposure to
BPAF affects the steroidogenesis in multiple ways. Scientists hypothize that disruption of the

steroidogenesis is crucial in the later development of testicular cancer (21).
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Mono-(2-Ethylhexyl) Phthalate (MEHP) Promotes Invasion and Migration
of Human Testicular Embryonal Carcinoma Cells(74)
Human testicular embryonal cell line NTERA-2 cl. D1 (NT2/D1) were treated with

designated concentrations of MEHP diluted in dimetyl sulfoxide (DMSO) for various time

periods. Cells treated with DMSO only were used as control groups.

MEHP exposure proved to have multiple effects on NT2/D1 cells that could indicate that
exposure to this phthalate may enhance tumor progression and metastasis in these cells. The

findings post MEHP exposure were the following:

- Matrix metalloproteinases (MMP) are enzymes capable of degrading extracellular
matrix. They have been marked as one of the main factors for the progression of
tumour cells. Low doses of MEHP had no significant effect, while 200 uM strongly
induced MMP2. MMP9 had no significant change in expression post MEHP exposure.

- 200 uM MEHP exposure caused upregulation of MYC. MYC controls cell
proliferation, cell differentiation and self-renewal, thus upregulation after exposure
may indicate that MEHP affects normal cell differentiation and tumor cell
development. MY C expression increased after 12hrs of incubation and in a dose-
dependent matter.

- Post exposure the cells had a stronger ability to digest and pass through the Matrigel,
the substance that were to resemble extracellular environment in which the cells were
incubated in.

- MEHP also decreased GJA1 (a gene that codes for Cx43 protein, forming the main
structure of the gap junction) mMRNA expression in NT2/D1 cells. It also showed a
reduction in vinculin mRNA level in testicular cancer cells. This is important for
maintaining the structure of adherence junction through interaction with actin filament

and integrin.

The scientists view the increased ability of the cells to migrate through the Matrigel as a result
of the other effects presented: Upregulation of MMP and MY C, and the downregulation of
GJAL and vinulcin. This experiment shows that MEHP exposure has carcinogenic effects on
these cells. However, some of these effects were only evident after high doses of MEHP, and
there is a lower probability that humans are being exposed to that high amounts. Of course,

the study must also be reproduced in vivo to conclude a similar effect in human cells.
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Allethrin induces oxidative stress, apoptosis and calcium release in rat
testicular carcinoma cells (LC540)(39)
The study investigates the toxicity of the chemical on cellular level with the main focus on the

male reproductive system, meaning Leydig cells.

The cells were cultured in Eagle’s Minimal Essential Medium containing 5% newborn calf
serum, 1.2 g/L NaHCO3 and antibiotic-antimycotic in a 5% humidified incubator at 37 °C. In
the cohort cells were treated with varying concentrations of allethrin dissolved in DMSO for
different time periods. Cells were also treated with DMSO only for 48 h to see if the solvent
had any effect on the cells and did not prove to contribute to any cell killing. The cells were
treated with allethrin for 24 h.

The cells activity was measured using MTT assay which is a colorimetric assay to check for
cell toxicity.

- Allethrin did not prove any toxicity to 50 uM. At concentrations above 100 uM, cell
killing was observed 1Cso was found to be 125 pM.

- Allethrin was found to be cytotoxic to primary Leydig cells in a dose-dependent
manner with an 1Cso value of 59 uM.

- ROS was significantly increased after allethrin treatment compared to controls,
although not in a time dependent way.

- Time dependent increase in the lipid peroxidation products was observed.

- Presence of apoptotic bodies in LC540 cells increased after allethrin treatment.

- Decrease of MMP in cells treated with 125 uM

- Increased p53 gene expression

LC540 cells were preferred over primary Leydig cells when studying the mechanism of
allethrin due to the difficulty in obtaining a large number of Leydig cells. Allethrin is

cytotoxic to isolated Leydig cells and testicular cancer cells.

Of the highlights presented in the study regarding the cytotoxic mechanisms were free radical
generation and altered antioxidant status of the exposed cells. Apoptotic properties of allethrin

could be due to the induction of BCL-2, caspase-3 activation and release of intracellular
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calcium (possibly mediated by voltage gated channels). The researches also observed loss of
MMP, which is important in cell proliferation, and increased p53 gene expression, which is of
importance in cell apoptosis. This showed toxicity to these Leydig tumour cells.

This study was performed on rat Leydig cells, and further research is necessary to assess
whether the same effect is evident in human cells.

Hill’s criteria for causation and the articles
As mentioned in the introduction part of this review Hill’s criteria for causation is a useful

tool when evaluating a true causality between an exposure and disease. Below each of the
criteria have been gone through and evaluated on basis of the articles in this review:

1. Strength of association: The supposed cause must be significantly present in the
exposed compared to the non-exposed.

This first criteria is difficult to confirm or discharge. As environmental pollutants can be
measured almost anywhere in the environment there is no clear separation between exposed
to non-exposed. Only in cell studies this can be clearly manifested. In population studies the
scientist may separate exposed to non-exposed by assessing workplace, living area, hobbies
and so on. But true exposure will be hard to trace and confirm without measuring the
concentration of a chemical in serum or other body secretions. These studies were particularly
discussed in the section above. Hence, association observed in some studies that rely on
interviews or estimates may be due to systematic error, random error, chance or there may be

a true causality.

Four studies in this present review that did measure concentrations of chemicals in blood
serum or breast milk. They all produced results that partly supports the hypothesis that there

is an association between organic environmental pollutants and testicular cancer:

Higher blood serum concentrations of p,p -DDE +HCB were significantly associated with
higher risk of testicular cancer. HCB was detected in three cases and no controls, and elevated

concentrations of p,p’-DDE was associated with an increased risk of testicular cancer (37).
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When measuring blood serum concentration 9 analyzed PCB congeners were found in 16
testicular cases, and none were detected in controls. This gave a statistically significant
difference (p < 0.001). HCB was detected in five cases and one control, which was not a
statistically significant difference. Detectable values of PCBs+HCB in serum gave a
statistically significant increase in testicular cancer risk (14.4 %) compared to controls
(1.0 %) (p < 0.001) (32).

Breast milk from Danish mothers measured higher concentrations (after correction) of the
following chemicals than breast milk from Finnish mothers: Dieldrin, HCB, 1,2,3,4,7,8-
HCDD, PCB-156, PCB-157 and PCB-209 (54). The fact that Denmark has a higher incidence

of testicular cancer than Finland might be related to this.

Mothers of boys that later in life developed testicular cancer had lower serum concentrations
of p,p-DDT, o,p"-DDT and p,p’-DDE, and a higher ratio of p,p"-DDT to p,p"-DDE than did
mothers of controls (49).

2. Consistency: The result must reproducible in other studies.

The question of consistency is challenging to clearly give an answer to as there has not been
done too much research on testicular cancer and environmental pollutants. Testicular cancer is

still a rare disease, which makes it difficult to study.

This review has failed to prove consistency. Although the studies cited mostly can refer to
other studies that show similar findings, the number of confirming studies is still too low to
conclude on consistent findings. The tables summing up all the findings indicate varying
conclusions on whether there is association or not. While some prove increased risks of
testicular cancer with environmental exposure, others has shown no or even preventive effects
(24). The consistency criteria needs further research to be conducted to be confirmed or

discharged.

A suggestion to a new study on this topic would be to have a prospective (over at least 30
years), transnational study with blood serum measurements of EDC in the objectives. The
studied group of individuals should be big and diverse enough to represent each nations
population and get enough cases. This is however hard as testicular cancer is an uncommon

diagnose. The group should also be controlled for confounders like cryptorchidism,
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hypospadias, ethnicity and others. The measurements should be done from early on in life
(maybe even prenatally) and throughout the study. This study would be very time consuming
and costly of course, but it would possibly provide an interesting result.

3. Specificity: Association is casual when the exposure only causes one disease.

The specificity criteria will not be extensively discussed here. One exposure could cause
different conditions, and this is an accepted fact in today’s research. All pathological effects
of environmental pollutants are not yet fully understood, but it is believed that it could be the
cause of a variety of diseases. Different populations are exposed to the variety of the
pollutants and unfortunately there is still no studies that addressed the effect of pollutant

mixtures on the incidence of testicular cancer.

4. Temporality: The phenomenon has to occur after the exposure for there to be a

causality.

Cell experiments showed a significant change in cell mechanisms after the cells were exposed
to the different chemicals. Unexposed cells did not show the same effect as the exposed cells
and the cells were strictly controlled during the experiments. The effects observed could
therefore most certain be due to the chemical exposure only. In these cell studies the strength

of association must be valued as strong.

Temporality is much harder to confirm when studying populations as the environmental
pollutants can be measured almost anywhere in the environment. It is also not easy to know
which chemical to control and evaluate. Self-reported exposure is also not to be given a high

value as this is prone to recall bias.

The incidence of testicular cancer is on the rise and some scientists view this as related to the
increased concentration of environmental pollutants in the environment. It is postulated that
well developed countries also have introduced more environmental pollutants into their
environment. Epidemiological studies show that countries that score high on HDI also have a
higher incidence of testicular cancer than countries that score low on HDI. As mentioned
earlier in this review correlation does not necessarily mean correlation. This view does not
take into account the incidence difference in-between countries with high HDI. This could be

due to under-reporting and a lack of health services in the countries with a low HDI score.
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These countries also score higher on mortality due to testicular cancer than do countries at the
other end of the scale. There are very few prospective cohort studies with serum
measurements of POPs that assessed association between environmental pollutants and TC.

5. Biological gradient: An increase in the exposure of the supposed cause would also

cause an increased incidence or severity of the phenomenon.

The literature research yielded studies that investigate cells response to different
environmental pollutants. Allethrin was found to be cytotoxic to primary Leydig cells in a
dose-dependent manner (39). The same was for the other studies — the higher the exposure the
more cytotoxic effect the chemical was to the cell.

The biological gradient is harder to prove for studies on humans. Many of the studies were
based on self-reported exposure. The true exposure would have to be measured to be further
evaluated. In the environment, but also in each individual to assess how much is accumulated
and metabolized in the body and over a life span. None of the studies did evaluate the degree

of disease in humans. The individuals were classified in cases or non-cases.

POPs have been restricted the latest years through the Stockholm Convention on Persistent
Organic Pollutants. With this in mind, one might expect that if there is a causality between
testicular cancer and environmental pollutants that the incidence of testicular cancer would
decrease over the years. If this is the case, the outcome would probably take a few years.
POPs remains in the environment for many years and would still be around for a while, also
after regulations. Also, if the case is that the prenatal exposure is the most crucial for
developing testicular cancer, the incidence would depend on the exposure of mothers, rather
than males. This would cause a further delay in any manifestations of the incidence curve.
Whether the incidence of testicular cancer decreases after some years of regulation of

environmental pollutants remains to see.

6. Plausibility: Based on the up-to-date knowledge accessible about the disease, a

causality would be probable, and may be explained through biological studies.

A variety of environmental pollutants have proven to persist in the environment and have
endocrine effects on human cells. As the formation and development of testis are hormonal

dependent there is a likelihood that these chemicals also could affect this process in some way
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and further contribute to the development of testicular cancer. The cell studies presented in
this present review support the hypothesis of association between organic environmental
pollutants and testicular cancer. So do the studies that include serum measurements.

7. Coherence: coherent finding between epidemiological studies and the results in

laboratory findings.

Some of the epidemiological studies show increased risk when exposure but not all. Although
laboratory findings prove carcinogenic effects by different chemicals on cells these are not
necessarily reproduced in the epidemiological studies. However, as mentioned earlier, there
are few studies of high quality with a prospective cohort design that measured POPs
concentrations in blood of the participants. Studies with estimated exposure or self-reported

exposure are prone to many biases.

8. Experiment: Experiments performed on cells that indicate a carcinogenic effect when

exposed to organic environmental pollutants.

The studies on cells yield in this literature search prove that different chemicals affect cells
and alter their properties. Hence, the experiment criteria is by far confirmed in this review,

although more extensive research would strengthen the association.

The studies proving that exposure to the studied chemical disturbs the steroidogenesis is of
particular interest. Steroid hormones are important in the masculinization process in the
development of the testicles and alterations is the hormone production could therefore be of
significance when this process goes wrong. The chemicals, BDE-47, PFOA, BPAF and
MEHP, had different effects that indicate induction of increased cell proliferation and
metastasis — common traits of carcinogenic cells. Allethrin showed to have toxic properties
and apoptotic effects on testicular Leydig cells. Allethrin exposure might disturb the

steroidogenesis and possibly have carcinogenic effects.

9. Analogy: A phenomenon or exposure that resemble or behave in the similar way as

the studied objects

The simultaneous increased incidence of genital abnormalities in boys that also increase the

risk of developing testicular cancer could also be a part of the explanation for the trends.
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Whether genital abnormalities are also due to exposure to environmental pollutants remains to

be explored.

Further discussion of the results

The results of the literature search proved that there is not done much research on the cause of
testicular cancer and whether it could be related to environmental pollutants. Most of the
findings were review articles, which could imply that most of the research done on this field
is old (older than 10 years as the search was limited to).

One of the difficulties studying the incidence and mechanisms of testicular cancer is that it is
still a rare disease, although the most common type of cancer in young men. In the review
article investigating Agent Orange and the incidence of cancer incidence (34) the authors
highlight the fact that testicular cancer most often occurs in young men and that the Vietnam

veterans are well outside this age range.

Additionally, one must keep in mind that real-life exposure is never as simple as assessing the
toxicity of a single compound in the laboratory. The effect a chemical has on a cell in vitro is

not necessarily as reproducible in vivo and in real life.

Another real-life implication is the fact that we are exposed to a variety of chemicals on an
every-day basis. As one chemical may not pose a harmful effect, the mix of all these could.
This is known as the mixture effect, also called “the cocktail effect”. The epidemiologic
evidence linking prenatal and postnatal exposure to endocrine disrupting chemicals with
male reproductive disorders: a systematic review and meta-analysis (50) highlights the fact
that epidemiological studies often only address individual chemicals and receive extensive
criticism for this. Though, the review argues that some POPs are highly correlated, and when
studying one chemical it is not necessarily possible to distinguish it from another, and some
chemicals, like, PCB-153, are in fact reflecting exposure to a mixture of numerous other
chemicals (50). The cocktail of pollutants effect would be more complex to study than the
effect of each individual chemical, but it is much more relevant due to the simple fact that

different populations may be exposed to different mixtures of chemicals.

Denmark and Norway are countries with high incidence of testis cancer as well as areas with
poor semen quality. Vice versa countries like Estonia and Finland have a low incidence of
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testis cancer and good semen quality in men (86-88). This would suggest that the whole
picture of the testicular cancer development is more complex and a following effect of genital
abnormalities. In the Italian research on serum concentrations of PCBs and HCB in testicular
cancer cases versus controls (32), they found that the sperm quality of testicular cancer cases
was worse compared to controls. The samples of semen presented by cases had lower mean
values for sperm concentration, lower total sperm number and total motility and a higher
percentage of abnormal forms than those with undetectable levels compared to controls. This
difference was not statistically significant though.

In Caucasian men, men with cryptorchidism, a family history of testicular cancer and possibly
men with tall statures testicular cancer is more common (89). This suggests that there may be
genetic factors that affect the risk of developing testicular cancer. The review Cryptorchidism
and hypospadias as a sign of testicular dysgenesis syndrome (TDS): environmental
connection (90) discusses some aspects of genetical factors that may play a role in the
development of testicular cancer. Mastermind Like Domain Containing 1 (MAMLDL1) (or
chromosome X open reading frame 6, CXORF®6) is a gene in which mutations cause
hypospadias and testicular dysgenesis (91). Fukami et al. writes about how this gene is
affecting the synthesis of hormones and that mutations in MAMLD1 disrupt androgen

production (92).

Although not scientifically confirmed, genetic polymorphisms can modify the susceptibility
to environmental factors and development of Testicular Dysgenesis Syndrome (93-96). If this
can be transferred to the development of testicular cancer is still not confirmed. Further
research is required to validate these findings, preferably in larger populations, as other

studies have reached contradicting results (97).

The significantly higher ratio of p,p’-DDT to p,p-DDE in mothers of boys who developed
testicular cancer later in life compared to controls (49) could imply a genetic variation that
causes individual differences in the metabolism of DDT. Meaning the pathology could be a
result of genetic variation and environmental factors combined. The difference in incidence
seen in-between continents and countries could therefore also be due to genetic differences,

or, even more likely, the combination of exposure and genetics.
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Initially, this study describes how the incidence of testicular cancer differs between countries.
Few studies answer this question. Country-specific chemical signatures of persistent
environmental compounds in breast milk (54) investigated the national difference between
Denmark and Finland in terms of the incidence of testicular cancer. Other than the study this
present review failed to address the question why there are large international differences.

As mentioned earlier it is postulated that countries that score high on the HDI also have
introduced extensively more chemicals and pollutants in the environment and also their
micro-environments than have countries that score lower. Therefore, environmental pollutants
could be the cause of a higher incidence of testicular cancer in these countries than in those
that score lower. However, the countries that are at the poorer end of the HDI scale are often
the sites of production of plastic and other materials. Waste is usually disposed in the
environment and the inhabitants of the area and workers are usually unprotected from these.
This observed trend could possibly be explained due to underreporting of cases in less

developed countries.

Strengths and weaknesses of this study
As mentioned earlier, reviews like this are most likely influenced by selection bias. This

review has been influenced by my (and my supervisors) background in terms of creating a

search in PubMed and also in selecting relevant articles and discarding irrelevant articles.

The present review has thoroughly gone through cell line studies to analyze the exact
mechanism of the studied organic pollutant. It also looked at studies with serum
measurements to assess whether exposure to organic pollutants increase the risk of testicular
cancer in vivo. Cohort studies were also gone through due to the high quality of this type of
study design. In addition to this, results of studies summarized in other reviews were also
mentioned. Rounding off, the study discusses the results in relation to earlier studies. In this
way the possible carcinogenic properties of organic pollutants were studied from different
perspectives and this present study gives a nuanced image of how they possibly affect

testicular health.

Overall, the results were partly summarized and put in the context of the nine principles of the

Hill’s criteria for causation. This is commonly used in public health research to establish a

50



relationship between a presumed cause and a plausible health effect. Which is exactly what

this study is investigating — organic pollutants and testicular cancer.

The search included multiple organic environmental pollutants. It would be extremely
demanding to include all varieties of words and searches for different pollutants, as there are
thousands of them. Therefore, inevitably some pollutants may have been excluded from the
search. This might have affected the results to include fewer articles than are available with

relevant research on this topic.

The search was not updated since the search was executed 23" of October 2019 and possibly
new relevant studies for this present review has emerged that is not included.

The research only included Testicular cancer as outcome as this was the main object of the
research question. In this way only studies which investigated testicular cancer were included
and made the search more specific for this outcome only. At the same time, studies that
evolved around other genital dysfunctions that could possibly be caused by exposure to
environmental pollutants were excluded. Conditions like hypospadias are linked to the later
development of testicular cancer. Although, it is not absolute that boys born with genital
dysfunctions will also develop testicular cancer, this research possibly excluded research
articles that investigated whether there is an association between environmental pollutants and

genital dysfunctions that could lead to testicular cancer.

Conclusion

This systematic review aimed at investigating whether there is an association between
environmental pollutants and testicular cancer. The literature search yield very few articles of
interest, and the results of these were discordant. Very few studies measured concentrations of
environmental pollutants in blood and relate the results to testicular cancer. Therefore, the
studies of highest values are underrepresented. Due to this lack of research data of high
quality it is impossible to conclude whether there is any causal association or not.
Nevertheless, all the studies with measured concentrations of chemicals presented, in some
way supported the hypothesis of that organic environmental pollutants are associated with
testicular cancer. The same goes for the cell studies. When studying the cellular mechanisms

all the studied chemical had some sort of effect on the cell components.
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Not all of the Hills criteria for the causal association are fulfilled according to the up-to date
knowledge. However, there are several individual studies that showed a possible association
between individual POPs and testicular cancer and studies in cell cultures showed plausible
biological mechanisms for this association. Nevertheless, prospective studies measuring
pollutant mixtures and their possible effect on testicular cancer development are absent.

Many factors have been investigated in the existing studies, but the reason for the increased
incidence of TGCT remains unclear. Occupational exposures during adulthood are unlikely to
be involved in TGCT etiology because of the young age of patients. Whether parental
exposure to a mixture of pollutants could affect the testicular health of their offspring should
be further investigated. Multiple risk factors such as hypospadias, being Caucasian and
hydrocele suggest that prenatal events may affect testicular health, but the whole picture is
still unclear. Genetic variations may also play a role in whether an individual develops
testicular cancer or not. Further research should explore effects of different pollutants
mixtures in a prospective design and have reliable multiple measurements of exposure such as

blood or urine concentrations.
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Appendix

Table 12: Summary of cell line studies and molecules affected

Chemical

BDE-47 PFOA BPAF MEHP Allethrin
Molecule
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3B-HSD J mRNA and/or | { gene MRNA levels
protein expression not altered at
expression any
concentration
AR J at 50 or 100
UM, but notin
higher doses
cAMP J intracellular J at high
cAMP induced by doses
hCG or forskolin
CYP17a J at 200 uM
GJA1 JmMRNA
levels
LHR No significant MRNA levels
alteration at not altered at
lower any
concentrations. | concentration
N at 100 uM
J at 200 uM
MMP ™MMP2at | J at
200 uM concentrations
over 125 uM
MYC at 200 uM
P450scc 4 mRNA and/or | Not altered J at50and
protein 70 uM
expression
p53 M gene
expression
PBR MRNA levels
not altered
PPARa MRNA
expression not
altered
PXR N in a dose-
dependent
matter
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SR-B1 4 mRNA dat70 um
expression
SREBP2 J expression
StAR J gene {4 markedly
expression at 70 uM
Vinculin 4 mMRNA
levels
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exposure and serum organochlorine residuals among testicular cancer patients and
healthy controls, Journal of Environmental Science and Health, Part B, 46:8, 780-787.
https://doi.org/10.1080/03601234.2012.597704

Grade - quality Low

Aim Materials and method Results Discussion/Comments/Check list
Investigate Population: Check list:
whether patients | Al individualsin this study were males Key findings * The aim is clearly formulated

with testicular
cancer have
been more
exopsed to
organochloride
pesticides
(including DDE
and HCB) than
healthy controls

Conclusion

There was a
significant
association
between
testicular cancer
and reported use
of household
insecticide.
There was also
an association
with higher total
serum
concentration of
organochloride
pesticides

Country

Italy

Year of
collecting
data

2006-2008

aged 18-45 years and did not have any
other type of cancer. Cases and controls
were well balanced for age, BMI and
place of recidence. All were recruited at
the Laboratory of Seminology and Sperm
Bank, Department of Medical
Pathophysiology, by the local Institutional
Review Board of University Hospital
«Umberto |».

-cases: 50 testicular cancer patients
were evaluated ~1 month after
orchidectomy. 28 cases were seminomas
and 22 were non-seminomas.

-controls: recruited from the same
Departmentamonghealthy men
undergoing an andrological examination
in order to ascertain fertility status.

Main exposure:

Organochloride pesticides, including
dichlorodiphenyltrichloroethane (DDE) and
hexachlorobenzene (HCB)

Important cofunding factors:

- Occupation

- Life style

- Diet (meat, fish, dairy, fruits and
vegetables)

- Perinatal characteristics

Statistical methods:
- Chi-squared test
- Fisher’s exact test

Testicular cancer and
household insecticide
use:

OR adjusted = 3,23
95% Cl: 1,15-9,11

Testicular cancer and
total measured
Organochlorine
pesticides:

OR adjusted = 3,34
95% Cl: 1,09-10,17

Additional findings
Dairy (OR=2,15, 95%
Cl: 0,67-6,83) and fish
(OR=2,03, 95% ClI:
0,86-4,77)
consumptionwas
identified as possible
risk factors

No association was
found for meat
consumption
(OR=0,98, 95% Cl:
0,43-2,21), anda
protective effect was
observed with high
fruit and vegetable
consumption
(OR=0,50, 95% Cl:
0,22-1,13)
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* The case-control study design is suited for the study

> Cases were recruited in a time period over 2 years from the same department.
The authors write that cases and controls were balanced for age, BMI and
recidence, but does not further elaborate how this was done without any
selection bias. Although, they have take into account these confunding factors.

> The diagnosis were confirmed through histological examination.

> The controls were recruited from the same department as the cases. The
controls were healthy men who had not been diagnosed with testicular cancer
or any other cancer at the time of the study. However, the controls could
develop testicular cancer after the study. The study did no such follow-up.

The study does not mention any non-responders

Cases-controls were balanced for age, BMI and recidence.

The main exposure, organochloride pesticides, were measured in blood serum
and to assess exposure in daily life the cases and controls were interveiwed.
This is not ideal to investigate whether the individuals have been exposed prior
to the cancer diagnosis. The individual might answer incorrectily to how much
they actually have been exposed to the chemicals and other.

> The two groups have been treated the same in the study and exposures have
been graded the same.

* The study says nothing about blinding in the study and the interview was
performed face-to-face.

* Itis atoo little sample and too many uncertainties about the study that has not|
been accounted for that makes it challanging to conclude from the study and
use the findings. More research is needed

* Other studies support the results of this study

What the autours discuss as:

» Strengths: balancing of cases and controls, cases were histologically
confirmed, analyses were performed in the same laboratory and
collection of blood was made during the same period for cases and
controls

* Weaknesses: serum consentrations of DDE and HCB were lower than
those found in earlier studies from some Nordic countries, low power of
the study due to rarity of the tumour

The results may have biological confounding factors as there were more

reproductive birth defects in cases than controls (P<0,01). This is supported

by litterature




Reference: Barbara A. Cohn MPH, MCP, PhD, Piera M. Cirillo MPH & Roberta E.

Christianson MA (2010) Prenatal DDT Exposure and Testicular Cancer: A Nested Case-

Control Study, Archives of Environmental & Occupational Health, 65:3, 127-134, DOI:

10.1080/19338241003730887

Study design: Case-control

Grade - quality

Low

Aim Materials and method Results Discussion/Comments/Check list
To investigated Population: Check list:
association Participants were sons of women who Key findings [ The aim is clearly formulated

between prenatal
exposure to
DDT and
testicular cancer

participated in the Child Health and
Development Studies (CHDS). The women
included were members of the Kaiser
Foundation Health Plan, residing in the
Oakland, Californiaarea, and pregnant
between 1959 and 1967.

-cases: participantsinthe CHDS who
develpoed testicular cancer later in life..
-controls: participantsin the CHDS who
did not develop testicular cancer

Conclusion
mothers of sons
with testicular
cancer had a

higher

DDT/DDE ratio, | Main exposure:
but lower o,p- |ppT

DDT, but the

number of cases

in this study is Important cofunding factors:

too small to gaace
conclude from |- Recidence
this. This gives |- Years of birth

the study low
statistical power. | Statistical methods:

Country P-value was obtained by comparingthe
USA signed rank statistiv to its permutation
distribution.
Year Qf The association between risk factors and
collecting  [case/control status were analyzed using
data exact conditional logistic regression.
1959-1967

mothers of sons with
testicular cancer hada |,
higher DDT/DDE ratio,
but lower o,p’-DDT.

The case-control study design is suited for the study

The laboratory was blinded as to case status of the samples

The participants were recruited over the same timeperiod and from the same
area and development study.

False positives are highly unlikey, particular for testicular cancer where the
diagnosis is made by examination of a biological specimen

Cases lacking maternal pregnancy or postpartum serum were excluded (N=5)
Cases-controls were balanced for year of birth and race.

The main exposure, DDT, were measured in maternal blood serum, which was
collected during each semester of pregnancy and the early postpartum, 1 to 3
days after delivery.

The two groups have been treated the same in the study.

Controls were selected at random from the pool of matches (on race and year
of birth) if more than three were available

Itis highly unlikely that the controls would develop TC later

The study was not able to control for multiple confunding factors

Itis a too little sample and too many uncertainties about the study that has not
been accounted for that makes it challanging to conclude from the study and
use the findings. More research is needed

Other studies could explain the metabolism of DDT, but there are to this day
very few studies on how this affects the human body. Although, some studies
show correlation to DDT and malignancies

What the autours discuss as:

« Strengths: a sizeable source population

* Weaknesses: Conclusions drawn from this study are limited to
detection of sizable effects due to the rarity of testicular cancer and
the small number of cases observed over four decades. Unable to
control for multiple confounding factors due to sample size
limitations.

VitKom - Vitenskapelig kompetanse i
medisinerstudiet
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Reference: Feng Y, Shi J, Jiao Z, Duan H, Shao B.Mechanism of bisphenol AF-induced progesterone inhibition inhuman
chorionic gonadotrophin-stimulated mouse Leydigtumor cell line (mLTC-1) cells.Environmental Toxicology.2018;33:670-678.
https://doi.ora/10.1002/tox.22554

Study design: Cohort study

Grade - quality

Moderate

Aim

Material and methode

Results

Discussion/comments/checklist

To investigate the
mechanism of
bisphenol AF
(BPAF) on hCG-
stimulated mLTC-1
cells

Conclusion

BPAF exposure
inhibits progesterone
secretionin hCG-
stimulated mLTC-1
cells by reducing
expression of
scavenger receptor
class B type | (SR-B1)
and cytochrome P450
(P450scc) due to the
adverse effects of
CAMP. BPAF is a
potantial endocrine
disruptor in testicular
lLeydigcells. |
Country

China

Years of collection
data

Not specifiedin the
article (around 2017)

Population: mLTC-1 cell line

Cohorts: cells were exposed to 0, 0.1, 1, 10, 30, 50
and 70uM BPFA for 24 hours.

Main outcome: progesterone secretion was reduced
in cells exposed to BPAF

Main confunding factors: The cells are from the same
cell line

Statistical methods: The results are presented as the
mean 3S.E.M. (n53). Statistical analyzes of hormone
production and gene transcription profiles between
the control and exposed cells were evaluated by one-
way analysis of variance, followed by post-hoc least
significant difference tests. P-value<0,05 was
considered statistically significant. The ICs value of
BPAF with regard to progesterone production was
determined using Hill regression of the dichotomous
model with Benchmark Dose Software.

Key findings:

BPAF reduce for progesterone production in
mLTC-1 cells

Additional findings:

*  The expression levels of proteins involved in
progesterone biosynthesis were measured.
The results demonstrated that the levels of
SR-B1 and P450scc protein expression were
strongly decreased in cells exposed to 50 uM
and 70 pM BPAF compared with thatin
control cells (P <.01). However, the levels of

StAR were not altered with BPAF exposure at |,

any concentration
* In the 22R-HC treatment group, the
progesterone levels were still dramatically
decreased with exposure to higher doses of
BPAF, by 47.9% and 57.3% at 50 uM and 70
UM of BPAF, respectively
BPAF, at any concentration, did not affect the
mMRNA levels of PBR and 3B-HSD
cAMP production was significantly decreased
with treatment at high doses.

Check list:

IThe autors discussed:

The purpose is clearly stated? Yes

Are the groups recruited from the same population? (selection bias) Yes
Were the groups comparable to important background factors? (selection
bias) * Yes

Were the exposed individuals representative for a defined population?
Yes

Were exposure and outcome measured equally and reliably (validated) in
the two groups? (Classification bias) Yes

Is the person who evaluated the results (endpoints) blind to group
affiliation? Not specified in the study

Was the study prospectiv? Yes, over 24 hours

Were many enough individuals in the cohort followed up? (Attrition bias /
follow-up bias) The cells were grown in 6-well plates at a density of 1.25 x|
1068 cell/well.

Has dropout analyzes been performed? (Eval. attrition bias) Not relevant
Was the follow-up time long enough to detect positive and / or negative
outcomes? Yes

Have important confounding factors been taken into account in design /
execution/ analysis? Yes

Do you believe in the results? Yes

Is there other litterature that strengthen or weaken the results of the
study? There are studies that support the finding that BPFA is an
endocrine disruptor, but the exact mechanism has not been as thoroughly
described before.

What does the results mean for change of practice? BPFA is shown to be
a possible endocrine disruptor in testicular Leydig cells. These findings
should be further investigated whether exposure has an effecton
humans.

« The autours do not discuss any weaknesses og strengths
about the study. In the discussion-part they only discuss the
findings of the study.

Reference: Pei-Li Yao, Yi-Chen Lin, John H. Richburg Mono-(2-Ethylhexyl) Phthalate (MEHP) Promotes Invasion and
Migration of Human Testicular Embryonal Carcinoma Cells. Biology of Reproduction, Volume 86, Issue 5, 1 May 2012, 160, 1-
10, https://doi.ora/10.1095/biolreprod.111.097295

Study design: Cohort study

Grade - quality

Moderate

Conclusion

carcinoma cells.

(DMSO) for various time periods. Cells treated with

The findings of the
current study indicate
that cellular
mechanisms triggered

to enchance tumor
progression/metastasi
s in testicular
embryonal carcinoma
cells (NT2/D1).

by MEHP exposure act!

DMSO were used as control groups.

Main outcome: MEHP exposure proved to have
multiple effects on NT2/D1 cells, indicating that
exposure may enhance tumor progression/metastasis
in these cells.

Main confunding factors: Cells from the same cell
line and both were treated with DMSO

Statistical methods:

All experiments were performed in triplicate and
repeated using three independent sets of cell
preparations.

Country

USA

- Data were subjected to Student t-test or a

Years of collection
data

parametric one-way ANOVA followed by the Tukey
test for post hoc comparisons.

2011

- Statistical significance when P<0.05

testicular embryonal carcinoma cells.

Additional findings:

+ MEHP exposure gave the cells stronger
ability to digest and pass through the
Matrigel, likely to increased activation of
MMP.

* MEHP exposure leads to decrease in

forming the main structure of the gap
junction) mRNA expressionin NT2/D1
cells.

MEHP exposure reduces vinculin mRNA
level in testicular cancer cells (important
for maintainingthe structure of adherens
junctin through interaction with actin
filament and integrin)

GJAL1 (a gene that codes for Cx43 protein,

Aim Material and methode Results Discussion/comments/checklist
Investigate the effect Check list:
of MEHP on ion: ; ; T a I The purpose is clearly stated? Yes

Population: Human testicular embryonal cell line g

stimulation of cell NTERA 2 cl. D1 (NT2/D1) v Key fmdmgs . . Are the groups recruited from the same population? (selection bias) Yes
invasion and 2 cl. ) _ Multiple cellular mechanisms triggered by |, \yere the groups comparable to important background factors? (selection
migration in Cohorts: NT2/D1 cells were treated with designated  |MEHP indicate that exposure may actto bias) * Yes
testicular embryonal | concentrations of MEHP diluted in dimetyl sulfoxide ~|enhance tumor progression/metastasisin Were the exposed individuals representative for a defined population?

Yes, it's a human cell line.

Were exposure and outcome measured equally and reliably (validated) in
the two groups? (Classification bias) Yes

Is the person who evaluated the results (endpoints) blind to group
affiliation? Not specified in the study

Was the study prospectiv? Yes, cell RNA were isolated after 0, 3 and 24
hours of MEHP exposure.

Were many enough individuals in the cohort followed up? (Attrition bias /
follow-up bias) Has dropout analyzes been performed? (Eval. attrition
bias) Not relevant

Was the follow-up time long enough to detect positive and / or negative
outcomes? Not relevant

Have important confounding factors been taken into account in design /
execution/ analysis? Yes

Do you believe in the results? Yes

Is there other litterature that strengthen or weaken the results of the
study? Studies show that theese mechanisms could be tumor promoting.
What does the results mean for change of practice? The findings of this
study show that cellular mechanisms triggered by MEHP exposure act to
enhance tumor progressio isin i embryonal carcinoma
cells (NT2/D1). This should be further investigated in humans to see
whether these effects are reproducable in vivo.

The autors discussed:
« The autours do not discuss any weaknesses og strengths
about the study. In the discussion-part they only discuss the
findings of the study.
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Reference: Frost, G., Brown, T., Harding, A.H., Mortality and cancer incidence among British agricultural pesticide users.
Occup Med (Lond). 2011 Aug;61(5):303-10. doi: 10.1093/occmed/kqr067.

Study design: Cohort study

Grade - quality | Moderate
Aim Material and methode Results Discussion/comments/checklist
To compare Check list:
mortality and cancer Population: All individuals with Certificates of Key findings: [ The purpose is clearly stated? Yes

incidence
experienced by a
cohort of British
pesticide users to
that of the Great

Britain population.
Conclusion

This study suggests
that pesticide users in
the Pesticide User
Health Study are
generally healthier
than the national
population but may
have excesses of non-
melanoma skin
cancer, testicular
cancer and multiple

myeloma.
Country

United Kingdom
Years of collection
data

Between 1987-2004
for incidence and 2005
for mortality.

Competence issued by City & Guilds Land Based
Services since 1987 are eligible for inclusion in the
PUHS. Those who consent to give their details to HSE
are included in the study.

Cohorts: Individuals on the PUHS are flagged for
cancer and death registrations at the National Health
Service Central Register (NHSCR) for England and
Wales and the General Register Office for Scotland
(GROS). Notifications were received quarterly from
the National Health Service Information Centre. The
HSE Research Ethics Committee approved the study
Main outcome: cancer incidence and mortality

Main confunding factors: Pesticide use and the cancer
incidens and mortality

Statistical methods: Standardized mortality ratios
(SMRs) and Standardized incidence ratios (SIRs) were
used to compare mortality and cancer incidence
(respectively) among the pesticide users to that
observed in the GB population

All-cause mortality was lower for both men
[SMR 0.58, 95% confidence interval (Cl)
0.55-0.60] and women (SMR 0.71, 95% CI
0.52-0.98) compared to the GB population.
Mortality and incidence were below those
expected for all cancers combined among

men (SMR 0.71, 95% C1 0.66-0.77; SIR 0.85, |,

95% CI 0.81-0.90), particularly for cancers of
the lip, oral cavity and pharynx, digestive
organs and respiratory system. The

incidence of testicular cancer, non-melanoma

skin cancer and multiple myeloma were
above expected. For the incidence of
testicular cancer the Cl was 1.04-1.53.
Additional findings:

Mortality from injury by machinery was
significantly above expected for men (SMR
4.21,95% Cl 2.11-8.42).
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> Are the groups recruited from the same population? (selection bias) Yes

I* Were the groups comparable to important background factors? (selection
bias) * Uncertain
Were the exposed individuals representative for a defined population?
Yes

*  Were exposure and outcome measured equally and reliably (validated) in

the two groups? (Classification bias) Yes

Is the person who evaluated the results (endpoints) blind to group

affiliation? Not specified in the study

Was the study prospectiv? Yes

Were many enough individuals in the cohort followed up? (Attrition bias /

follow-up bias)

* Has dropout analyzes been performed? (Eval. attrition bias)

Was the follow-up time long enough to detect positive and / or negative

outcomes?

I* Have important confounding factors been taken into account in design /
execution/ analysis?

* Do you believe in the results? Yes

Is there other litterature that strengthen or weaken the results of the

study? Yes

I* Whatdoes the results mean for change of practice? No

IThe authors discussed:

« Strengths: Members of the PUHS were recruited from all those who
have passed Certificates of Competence in applying agricultural
pesticides since 1987, so the cohort should be representative of those
using agricultural pesticides in GB.

* Weaknesses: The database lacks information on potential
confounding factors, such as smoking history, physical activity and
hours spent outdoors, which would need to be collected through
additional research. Information held by the issuer’s database is
restricted to the information provided at the time of application for
the certificate for applying agricultural pesticides. Individuals may use
agricultural pesticides on a commercial basis without certification




