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Executive Summary 

Methyl isothiocyanate (MITC) has been shown to induce nasal tumors in Sprague Dawley rats exposed to 

a high concentration (20 ppm) via whole body inhalation for 2 years. No tumors were observed at the lower 

exposure concentrations of 5 and 0.5 ppm, and no tumors were reported in a mouse inhalation 

carcinogenicity study with MITC. Non-neoplastic lesions in the nasal tissue have been reported in MITC 

acute repeat dose inhalation studies of various durations (1 day, 5 days, 4 weeks, 13 weeks, 52 weeks, and 

104 weeks) in rats. In a mechanistic study, inhalation of 20 ppm MITC for 1 day, 5 days, or 4 weeks (5 

days/week) induced nasal lesions consisting of acute/subacute inflammation, epithelial cell 

degeneration/necrosis, epithelial cell proliferation (epithelial hyperplasia, increased DNA synthesis 

detected by nuclear incorporation of BrdU, and regeneration), olfactory sensory neuron apoptosis, and 

olfactory sensory neuron loss resulting in atrophy/loss of olfactory epithelium and/or respiratory cell 

metaplasia. To understand the plausible mode of action (MOA) for rat nasal tumorgenicity, inhalation 

toxicity data were examined using the framework recommended by the International Programme on 

Chemical Safety (IPCS). The proposed nasal tumor MOA for MITC includes the following key events: 1) 

direct cytotoxicity of MITC in the nasal mucosa (e.g., degeneration, necrosis/apoptosis) because of its 

irritating properties; 2) cell proliferation to compensate for MITC-induced cytotoxicity; 3) onset and 

persistence of squamous cell metaplasia as an adaptive response to the cytotoxic insult; and 4) development 

of tumors, primarily squamous cell carcinomas. The data in support of the key events are discussed, along 

with possible alternative MOAs, and the human relevance of the proposed MOA. This analysis indicated 

confidence in the proposed MOA for MITC-induced rat nasal tumors and further informed that the 

tumorigenicity of MITC has thresholds and it is not likely to pose a carcinogenic risk to humans under 

normal use patterns and corresponding exposure levels. 
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The highest concentration of 20 ppm used in the carcinogenicity study in rats resulted in a significant 

decrement (compared to controls) both in absolute body weight (34% in males and 20% in females) and 

body weight gain (47% in males and 27% in females). Although this appeared to exceed a maximum 

tolerated dose (MTD), the argument for this was not accepted by the U.S. Environmental Protection Agency 

(EPA), and the study was deemed acceptable. It is noted that in the European Union (EU) review, the 

Rapporteur Member State (RMS) concluded that the highest dose exceeded the MTD (RMS Belgium, 

2021). EPA’s Cancer Assessment Review Committee (CARC) reviewed the available data to evaluate the 

carcinogenic potential of MITC via the inhalation route and concluded that the nasal tumors in male and 

female rats were treatment-related, and that there was no evidence of carcinogenicity in male or female 

mice (EPA, 2018). As a result of this evaluation, the CARC classified MITC via the inhalation route as 

“Likely to be Carcinogenic to Humans” based on treatment-related nasal tumors in both sexes in the rat. 

The  (  submitted a position paper to the EPA CARC, proposing that the highest 

concentrations in the rat inhalation chronic toxicity/carcinogenicity and mouse inhalation carcinogenicity 

studies exceeded the MTD based on the significantly reduced body weights in the high-dose animals, and 

therefore, would not be relevant for risk assessment (  2017). However, the CARC concluded that the 

high test concentration was adequate and not excessively toxic for evaluating carcinogenicity” based on, 

among other points, no significant differences in early mortality with the high-dose groups (EPA, 2018). 

Therefore, the EPA’s opinion on the carcinogenicity of MITC has remained the same since the 2018 CARC 

report.  

 

To address a MOA for MITC nasal tumor formation, the  recently undertook a study to examine the 

potential MOA for the Sprague Dawley rat nasal tumors (  2020). Only male Sprague Dawley rats 

were used in this study since both sexes responded similarly to tumor induction in the carcinogenicity study. 

The MOA framework described below was based on the data collected from male rats from various 

inhalation toxicities on MITC, including the recent  (2020) study.  
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Figure 1.  Correspondence between nasal sections collected for MITC inhalation studies 
in the rat.   

The 4 red circles represent the 4 sections in  (2020) study corresponding to the 6 sections taken 
in the other reviewed studies 
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Key Events for the MOA for the Formation of Nasal 
Tumors in Rats 

Exposure concentration dependent non-neoplastic lesions in the nasal tissue have been reported in all MITC 

repeat dose inhalation studies in rats. These findings include epithelial cell and olfactory sensory neuron 

necrosis/degeneration, inflammation, and subsequent epithelial cell hyperplasia. These findings have been 

demonstrated across multiple rat studies. The key events for the nasal tumors induced in rats by MITC are 

the following: 1) direct cytotoxicity of MITC in the nasal mucosa (degeneration, necrosis/apoptosis); 2) 

consequent increased cell proliferation to compensate for the MITC-induced cytotoxicity; 3) onset and 

persistence of squamous cell metaplasia as an adaptive response to the cytotoxic insult; and 4) development 

of tumors, primarily squamous cell carcinomas. 

 

Key Event 1: Direct Cytotoxicity of MITC in the Nasal Mucosa 
 

Several studies of MITC inhalation in rats support Key Event 1. The most prominent tissue damage has 

been observed in the most forward of the respiratory epithelial-lined nasal passages (just distal to the normal 

squamous epithelium) of rats following inhalation exposure to MITC, where the highest exposure to MITC 

is expected to occur. The parts of the nasal passages more distal from the point of entry showed 

progressively less severe lesions. This indicates the importance of the portal of entry irritation and 

cytotoxicity effects of MITC. Observations of cytotoxicity included nasal epithelial degeneration, necrosis, 

and/or acute inflammation, and were consistently reported in the rat studies as early as one day post-

inhalation exposure (  2020;  2011). These changes persisted to 104 weeks of 

inhalation exposure (  2015a) as shown in Table 3 below.  
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w Degeneration/necrosis in 8/8 animals (minimal to marked) compared to 0/8 in control group. 
x In 7/7 or 8/8 animals (depending on nasal section; mild to severe) compared to 0/8 in control group. 
y In 1/5 or 5/5 animals (depending on nasal level; minimal) compared to 0/5 or 1/5 in control group. 
z In olfactory epithelium of 6/7 (minimal to moderate) animals compared to 0/7 in control group. 
aa In olfactory epithelium of 5/14 (minimal to severe) animals compared to 0/14 in control group. 
bb In transitional epithelium of 6/6 animals (minimal to moderate) and in respiratory epithelium of 1/6 animals (minimal) 
compared to 0/6 in control group. 
cc In olfactory epithelium of 1/6 to 6/6 animals (depending on nasal level; minimal to severe) compared to 0/6 in control group.  
dd In olfactory epithelium of 1/6 to 6/6 animals (depending on nasal level; minimal and mild) compared to 0/5 in control group. 
ee In transitional epithelium of 2/5 animals (minimal and mild) compared to 0/5 in control group. 
ff In 5/5 animals (minimal to moderate) compared to 0/5 or 1/5 in control group. 
gg In transitional epithelium of 6/6 animals (mild to severe) and in respiratory epithelium of 3/6 to 5/6 animals (depending on 
nasal level; mild and moderate) compared to 0/6 in control group, respectively. 
hh In olfactory epithelium of 4/6 to 6/6 animals (depending on nasal level; minimal to severe) compared to 0/6 in control group. 
ii In 3/6 to 4/6 animals (depending on nasal level; minimal and mild) compared to 0/6 in control group. 
jj In olfactory epithelium of 2/6 to 6/6 animals (depending on nasal level; minimal and mild) compared to 0/5 in control group 

 

In  (2020), histopathologic and morphometric examinations were conducted in male Sprague 

Dawley rats (8/group) exposed by inhalation to 0, 0.5, 5, or 20 ppm MITC, for 6 hours/day for one day, 

five days, or four weeks (5 days/week for 28 days). Additional groups were included for recovery 

evaluations four weeks after the 4-week exposure ended. The early timepoint findings, reported by 

 (2020) supports Key Event 1 in establishing cytotoxicity as being the first triggering event 

required to begin the process towards neoplastic development. The  (2020) study demonstrated 

the following findings at the 20 ppm MITC exposure: histopathologic changes in the nasal airways 

consisting of acute/subacute inflammation, epithelial degeneration and necrosis, olfactory sensory neuron 

apoptosis (after one day of exposure), and olfactory sensory neuron loss resulting in atrophy/loss of 

olfactory epithelium and respiratory metaplasia (after four weeks of exposure). Exposure to 5 ppm MITC 

resulted in less severe cytotoxicity in the respiratory epithelium, minimal to mild nasal tissue inflammation, 

no histopathological abnormality of olfactory epithelium (see Table 3), and as discussed below, no evidence 

of squamous cell metaplasia (and Table 7), unlike the findings present in 20 ppm MITC-exposed rats. 

Animals exposed to 0.5 ppm MITC had no exposure-related histopathology. 

 

The study by  (2011) also demonstrated signs of cytotoxicity following a single, acute exposure 

to MITC on study day one at doses ≥ 20 ppm (see Table 3). The findings from both of the acute inhalation 
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studies (  2011;  2020) demonstrate that high doses of MITC can induce the initial 

key event of cytotoxicity in the nasal tissue, and that it occurs as early as one day after MITC inhalation 

exposure in rats (the earliest time examined).  

 

A 4-week inhalation study involving exposures to doses of 5, 20, and 40 ppm MITC for 6 hours/day, 5 

days/week in rats demonstrated nasal lesions indicative of irritant and cytotoxic effects of MITC including 

acute inflammation at the doses of 20 and 40 ppm and epithelial lining degeneration at 40 ppm (  

2013). Similar findings were observed in rats from the  (2020) study at the 4-week timepoint as 

shown in Table 3, but with inflammation of nasal tissue occurring at ≥ 5 ppm and nasal epithelial 

degeneration necrosis reported at 20 ppm. 

 

With a more prolonged MITC exposure of 13-weeks, microscopic lesions in the nasal mucosa indicative of 

cytotoxicity and inflammation were observed in rats at 15 ppm (  2012). Only minimal to 

moderate grade degeneration was observed at 5 ppm.  Furthermore, severe degeneration was observed in 

male rats from the 20-ppm group at 104 weeks suggesting that the extent of cytotoxicity is exposure-

duration dependent. These non-neoplastic findings were accompanied by atrophy of Bowman’s glands, 

olfactory nerve bundles and olfactory epithelium in the 5- and 20-ppm groups. The effects observed in the 

nasal olfactory epithelium were responsible for atrophy in the olfactory bulb, which was observed at a high 

incidence and severity in the 20-ppm group.  

 

Overall, the cytotoxicity observations from these studies are clearly dose- and exposure time-dependent in 

rat nasal tissue. Altogether, these findings support Key Event 1 and indicate that the irritant and cytotoxic 

effects of MITC persist in the nasal tissue with repeated and prolonged exposures with the severity of the 

effects dependent on the exposure level.  
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Key Event 2: Cell Proliferation to Compensate for MITC-Induced 
Cytotoxicity 
 

As described above for Key Event 1, prolonged exposure to MITC induces sustained, concentration-

dependent cytotoxicity in the nasal tissue of rodents. The local tissue response of chronic irritation and 

cytotoxicity is postulated to include increased cell proliferation in the nasal tissue to compensate for the 

cytotoxicity and represents Key Event 2. This is the usual tissue response to cell death since the cellularity 

of the tissue needs to be replaced to maintain the biologic function of the tissue. 

 

Evidence for Key Event 2 comes directly from the  (2020) study, in which rats exposed to 5 ppm 

and 20 ppm MITC were observed to have increased nasal cavity cell proliferation compared to control 

animals. This was demonstrated through both microscopic observations of nasal cavity epithelial 

hyperplasia and measurements of DNA synthesis detected by nuclear incorporation of bromodeoxyuridine 

(BrdU) in nasal tissue (Figure 2). BrdU incorporation is a common method used to assess DNA replication 

(Wood et al., 2015).  
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Quantitative BrdU measurements from this study showed increased DNA synthesis in the transitional 

epithelium lining of the maxilla turbinates at 5 ppm and 20 ppm. As shown in Table 4, the highest BrdU 

incorporation epithelial cells were observed after one day of MITC exposure at these dose levels. However, 

cell proliferation was still found to be significantly increased compared to controls at the 5-day and 4-week 

timepoints at both 5 and 20 ppm, albeit at significantly lower levels compared to their respective 1-day 

levels. Since hyperplasia is present, there is not only an increase in the rate of proliferation, but the number 

of cells present has also increased, which would be a multiplicative effect on the rate. Rate is defined as the 

number of labeled cells over the total number of cells. Since the total number of cells is increased 

(hyperplasia) and the rate is increased, the number of labeled cells is markedly increased in these tissues. 

The critical parameter is the number of DNA replications, not the rate. Thus, the increased DNA replication 

likely persisted throughout the entire time of the 2-year bioassay, as a result of MITC-induced cytotoxicity. 

The initial increases in rate followed by a return to control levels but with increased cell number is similar 

to what has been observed in various other examples in animal models, such as liver tumorigenesis by CAR 

activators (Elcombe et al., 2014; Yamada et al., 2021) and PPARα activators (Corton et al., 2014; 2018). 

 

 𝑅𝑎𝑡𝑒
   

   
 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐿𝑎𝑏𝑒𝑙𝑒𝑑 𝐶𝑒𝑙𝑙𝑠 𝑅𝑎𝑡𝑒 𝑋 𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐶𝑒𝑙𝑙𝑠 

 

The recovery groups from this study (i.e., four weeks of exposure followed by a 4-week period of no MITC 

exposure) had statistically similar BrdU-labeled nuclei among all the exposure groups including untreated 

controls. This indicates that MITC-induced increases in DNA synthesis and cellular replication in the 

epithelium lining of the proximal nasal airways is not persistent following stoppage of exposure. Again, 

this is a typical cellular response as the tissue is repaired and no longer needs to have increased cell 

proliferation to replenish damaged cells. 
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Table 4.  Unit Length Labelling Index of BrdU-labeled nuclei in transitional epithelium 
lining the maxilloturbinates (T1 nasal section) of male rats 

 
MITC dose 

(ppm) 
Approximate mean BrdU-labeled nuclei/mm basal lamina length (mean ± SEM) 

1 Day exposure 5 Days exposure 4 Weeks exposure Recovery (4 weeks) 
0 4.2 ± 0.63 3.2 ± 0.47 2.3 ± 0.24# 1.6 ± 0.3 

0.5 3.0 ± 0.50 2.4 ± 0.45 3.2 ± 0.38 1.3 ± 0.3 
5 33.5 ± 3.46* 12.0 ± 0.80*,# 9.7 ± 0.99*,# 1.3 ± 0.3 

20 53.8 ± 1.88* 12.8 ± 1.88*,# 19.3 ± 3.31*,# 1.5 ± 0.2 
* Statistically significant compared to respective control group at exposure day 1, 5, or 20; p < 0.05. 
# Statistically significant compared to 1-day respective dose group, p < 0.05 

 

The histopathology data from animals exposed to 20 ppm MITC for one day in this study revealed minimal 

or mild epithelial cell hyperplasia of transitional and respiratory epithelium in the proximal and middle 

nasal cavity sections (see Table 5). These observations for the 20-ppm group increased in severity from 

minimal and mild after one day to moderate and marked after both 5 days and 4 weeks of exposure. 

Epithelial cell hyperplasia was also reported in the 5-ppm animals at each of the time points, and when 

compared to the 20-ppm concentration, the severity of the lesions was minimal or mild and only present in 

the proximal nasal airways. Observations of increased nasal epithelial hyperplasia and regeneration were 

also reported in other MITC inhalation studies in rats with a variety of exposure durations (4, 13, 52, and 

104 weeks) (  2012; 2013; 2015a). A summary of the MITC induced hyperplasia findings in 

nasal tissue across all the rat inhalation studies is presented in Table 5.  

 

As shown in Table 5, hyperplastic changes in nasal tissue were reported in all the MITC inhalation studies 

in rats. While this finding was primarily associated with repeated exposure to MITC,  (2020) 

observed hyperplasia with doses ≥ 5 ppm following a single inhalation exposure to MITC. In the 4- and 13-

week studies, increased incidences of nasal epithelial hyperplasia were observed in males at doses ≥ 5 ppm. 

However, after 104 weeks of MITC exposure, increased hyperplasia was reported only at 20 ppm in the 

males. Hyperplasia of the squamous epithelium was only increased in the 20-ppm group across all 
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hyperplasia in nasal epithelial cells across the sub-chronic and chronic rat inhalation studies reviewed for 

this paper (  2012; 2015a). This is summarized in Table 5, which shows the persistence of 

increased hyperplasia in the nasal epithelium in male rats following 52- and 104-week exposures to MITC, 

and especially at the high doses. Further, squamous epithelial hyperplasia, specifically, was increased at 20 

ppm across all the summarized timepoints included in Table 8. Hyperplasia in this specific cell type aligns 

with the statistically significant increase in squamous cell carcinomas reported at this dose level (see Tables 

1 and 2), suggesting that hyperplasia is a critical pre-neoplastic lesion, as typically observed in epithelial 

tissue carcinogenesis (Wood et al., 2015). 

 

As discussed before, the  (2020) study demonstrated increased cell proliferation following MITC 

inhalation exposure by using a quantitative cell proliferation marker (BrdU). While the longest timepoint 

was only 4 weeks, the findings for the 5-ppm and 20-ppm groups quantitatively demonstrated that increased 

cell proliferation was sustained throughout the course of the study. Although proliferation rates associated 

with the 5-ppm group returned to control levels, the 20-ppm exposure group appeared to have plateaued at 

the end of this study (see Table 4). However, since hyperplasia continued, there continued to be increased 

cell proliferation at these doses based on the increased cell number, even with the labeling index at 5 ppm 

being at control levels. 

 

Additionally, regeneration in nasal epithelium was noted in the histopathologic findings from the 4- and 

13-week rat MITC inhalation studies. As shown in Table 6, male rats had increased nasal epithelial 

regeneration at 20 ppm and 40 ppm after four weeks exposure. After 13 weeks, this was reported at the 

highest tested dose of 15 ppm. The observations indicated dose- and time-dependent association of MITC 

exposure in nasal epithelial regeneration.  
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Dose Response Relationships for the Key Events 

For this MOA, there is an expectation of dose-related occurrence of key events such that lower doses induce 

precursor key events before the manifestation of the subsequent key event at higher doses along the pathway 

to tumorigenesis. In all the rat repeat-dose inhalation toxicity studies on MITC reviewed in this paper, the 

key events occurred in a dose-dependent manner. Table 8 presents the dose-response relationship for the 

key events in the MITC-induced nasal tumor MOA.  
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Finally, Key Events 1-3 preceded the development of nasal tumors (first observed at week 39 in males; 

 2015a). As shown in Table 8, there is a clear temporal association for the key events in the 

MITC-induced nasal tumor formation in which all key events preceded tumor formation.  
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strength and the consistency of Key Event 1 as being the necessary initial step in the proposed MOA that 

must precede Key Event 2, increased regenerative cell proliferation and hyperplasia. 

 

With respect to Key Event 2,  (2020) observed markedly increased cell proliferation in nasal 

epithelial cells in rats with 5 and 20 ppm MITC exposure compared to controls at timepoints up to four 

weeks (see Table 4). This was accompanied by increased severity of hyperplasia of transitional and 

respiratory epithelium in the proximal and middle nasal sections following 5 days and 4 weeks of exposure 

(see Table 5). As shown in Table 6, regeneration of nasal epithelial tissue was observed in the  

(2013) 4-week MITC exposure study at the highest doses tested (20 and 40 ppm) and in the sub-chronic 

(13-week) study at the highest dose tested (15 ppm). The consistent observation of hyperplasia in the nasal 

epithelium at high MITC doses across the sub-chronic and chronic timepoints suggests that regenerative 

cell proliferation/hyperplasia in response to cytotoxicity in nasal epithelial cells is sustained with prolonged 

exposures to MITC. Additionally, as discussed above, the  (2020) study demonstrated 

regenerative cell proliferation throughout 28 days of MITC inhalation exposure using BrdU as a 

proliferation marker. While the longest timepoint was only 28 days in this study, the findings for the 20-

ppm group quantitatively supports that increased cell proliferation was sustained throughout the course of 

studies, even though the data suggests that the rate was lower at later timepoints in the study (see Table 4). 

However, the presence of hyperplasia indicates that there is an increase in the cell number, which would 

mean that there is an increase in cell proliferation even if the rate of proliferation was the same as in controls. 

Overall, these data demonstrate the strength of Key Event 2 of being the next step in the proposed MOA, 

which occurs as a reparative mechanism following more prolonged MITC exposures. The increased cell 

proliferation is demonstrated both by the increase in cell proliferation rate (labeling index) as well as in the 

increased number of cells (hyperplasia), and furthermore, by the development of squamous metaplasia 

versus similar findings in the respiratory columnar epithelium.  
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respiratory rate when exposed to irritant chemicals (Larsen et al., 2016), differences in nasal dosimetry and, 

in combination with generally less severe nasal toxicity seen in mice, probably explains their resistance to 

developing nasal tumors. In addition, the mouse study was only for 18 months, not 24 months like the rat 

study, although the first carcinoma was detected in the rat study after 39 weeks. Further, there was no 

evidence of carcinogenicity either in mice or rats when MITC was administered via drinking water for 2 

years (NRA, 1997), suggesting that the carcinogenicity of MITC may also be route-specific (inhalation 

versus oral). The lack of tumors systemically in the inhalation study also indicates that the tumorigenic 

response is localized to the site of exposure to the irritant, and it only occurs at the site of exposure. The 

cytotoxicity response was attenuated the further into the respiratory tract, where exposure to the irritant 

chemical will be decreased and ultimately below the threshold level required for irritation.  
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