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1 Putting the paper into context by the BfS

A study published in 2017 triggered a large media response by reporting a significant decline in sperm counts
among men between 1973 and 2011 in Western countries [2]. This decline was associated with multiple
environmental and lifestyle influences. Radiofrequency electromagnetic fields (RF-EMF) from mobile phones
were speculated to be one of the many possible causes. A recently published systematic review found low
certainty of evidence for a decreased sperm count in rodents after exposure to high RF EMF levels [3]. The
authors of the review recommended further investigations of this endpoint at exposure levels close to the
limit values for humans. The continuing interest of the research community in this topic is exemplified by the
present study.

2 Results and conclusions from the perspective of Katirci et al.

Several reports of negative health effects from exposure to RF-EMF, particularly from RF-EMF emitted by
mobile phones, prompted the authors to evaluate its effects on the testis of exposed rats [1]. Their focus was
on the TAM receptors Tyro3, Axl and Mer, which are members of the receptor tyrosine kinase family, and
essential for several biological processes like survival, proliferation, regulation of the immune system and
phagocytosis of apoptotic cells. Eight-week-old rats were split into five groups of ten animals each. The first
group was a cage control group. Groups 2 to 4 represented the two sham-exposed and the two exposed
groups, with one group exposed or sham-exposed for 1 week and the other group for 10 weeks. The
restrained rats were exposed or sham-exposed to 2100 MHz RF-EMF for two hours per day, for one or ten
weeks, at a whole-body specific absorption rate (wbSAR) of 0.16 W/kg and a mean SAR of 0.0347 W/kg for
the testis. After one or ten weeks of exposure or sham-exposure, testicular tissue sections were stained with
hematoxylin and eosin and analysed microscopically. The three TAM receptors, Tyro3, Axl and Mer, and their
ligands, Gasé and Pros1, were investigated by immunohistochemistry in the testes. In addition, cleaved
caspase-3, a marker for apoptosis (i.e. programmed cell death), was examined by immunohistochemistry.
The results of the immunohistochemical staining were assessed using the H-score that quantifies the
expression level of a targeted protein. The H-score is determined by the percentage of positively stained cells
and the intensity of the staining. At both exposure times, testicular tissue was histologically analysed using
the Johnsen scoring system. This is a ten-point scoring system for quantifying the quality of spermatogenesis
(development of sperm cells) based on cellular characteristics in the seminiferous tubules (the structures in
the testicle where spermatogenesis occurs). A Johnsen score of 10 indicates maximum spermatogenesis
activity, whereas a score of 1 indicates complete absence of germ cells [4].

The RF-EMF exposure did not cause any increase in rectal temperature. Sham-exposed rats showed normal
testis morphology at both time points, whereas RF-EMF exposed rats showed a reduction in seminiferous
epithelial thickness as well as a premature release of immature germ cells into the seminiferous tubule
lumen. At both time points, the RF-EMF exposure groups showed a lower Johnsen score than the
corresponding sham-exposed groups, but the difference was statistically significant only after ten weeks of
exposure. The authors interpreted the results as a hint that RF-EMF exposure may cause apoptosis.

For immunohistochemical analysis, the developmental stages of seminiferous tubules were determined.
During rat spermatogenesis, 14 stages of seminiferous tubules can be identified according to different
developmental stages of germ cells they contain. TAM receptors and their ligands showed specific staining
patterns, i.e. only expressed in specific cells or seminiferous tubule stages, but without statistically significant
differences in the H-score between the groups. Cleaved caspase-3 staining was detected in round spermatids
(precursors to sperm cells) of the VI-VIII tubule stages of seminiferous tubules in all groups. The H-score was
higher in both exposed groups compared to the sham-exposed groups, but differences did not reach
statistical significance. Round spermatids did not express Tyro3, Mer, Gasé or Pros1, while Axl expression in
this cell type was similar between sham-exposed and exposed groups. Therefore, the authors concluded that
RF-EMF exposure may cause apoptosis in round spermatids independent of TAM receptors.



From their data, the authors conclude that RF-EMF exposure disrupts the normal histomorphology of the rat
testis and may negatively affect TAM signalling and lead to an accumulation of apoptotic cells. However, the
authors state that the impact on testicular function remains uncertain.

3 Comments by the BfS

The study addresses a relevant and current research topic at exposure levels close to human exposure limits.
Although the authors give detailed descriptions of the animals and study design, the exposure
characterisation is less detailed and the reported exposure levels can be challenged. At the given incident
electric field strength, much lower wbSAR levels than reported can be expected for rats. Therefore, it remains
unclear to what exposure level the testes were actually exposed to. Additional ambiguities relate to the
assessment of the Johnsen score because there is no information given regarding the number of
seminiferous tubules that were assessed per rat or how the seminiferous tubules were selected for analysis.

In their introduction, the authors refer to the paper by Deng et al. who describes the reported distribution of
the expression of TAM receptors and their ligands in seminiferous tubules [5]. The results of the
immunostainings in the present paper do not seem to match this report entirely. It would have been helpful
to demonstrate the specificity of the staining using standard immunohistochemistry negative controls rather
than just testing for nonspecific binding of the secondary antibody [6].

The results on the apoptosis marker cleaved caspase-3 as indicated by the H-score do not appear to be
compatible with the immunohistochemical staining presented in the figures; those show high heterogeneity
in staining intensity across seminiferous tubules stages in the sham group. However, the authors did not
specify how they selected the seminiferous tubules for H-score evaluation. Moreover, the described H-score
assessment is a method based on manual and subjective visual assessment and therefore susceptible to
some level of bias and variability [7]. In general, apoptosis is an important and frequent process in the testis
that can occur at any phase of spermatogenesis [8, 9]. In contrast, in this study, only one cell type stained
positive for cleaved caspase-3 in exposed and sham-exposed groups. Notably, the cage control group showed
only very weak staining overall. These inconsistencies are not sufficiently explained by the authors, and
additional quantitative methods were not used to validate the expression of cleaved caspase-3 or TAM
receptor and their ligands.

The research question underlying the study is of scientific interest and relevant to radiation protection.
However, the critical points described above significantly reduce the study’s validity. For this reason, the
study cannot contribute to the current state of scientific knowledge in this field.
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