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Background: The model of lung tumors transplacentally induced by N-ethyl-N-nitrosourea (ENU) in
inbred BALB/c and C57BL/6] mice was used to investigate the impact of a high sucrose-high fat (HSHF)
diet on lung tumorigenesis.

Methods: The offspring was separated by gender and randomly divided into 2 subgroups in both ENU-
and buffer-treated groups at the time of weaning. One subgroup was put on the standard diet and the other
on the HSHF diet from weaning to the age of 24 weeks. The entire lungs went through a standard process of
paraffin-embedded blocks. Every lung block was cut in serial sections but one in every five sections was saved
to generate step sections that were stained by hematoxylin and eosin. The tumor histology was assessed on
the step sections.

Results: At 24-week checkpoint, a spectrum of histological changes was observed in the mice on both
diets. Specifically, they presented as alveolar hyperplasia, adenomas and adenomas with nuclear dysplasia at
various degrees. Those tumors were actually at different developmental stages. Lung adenocarcinomas were
developed in mice on the HSHF diet. A cluster of tumor cells with wide foamy or clear or signet-ring shaped
cytoplasm (fatty changes) appeared in a low frequency on the HSHF diet.

Conclusions: The observed histological changes indicated that lung tumors were developed at different
times and evolved at different paces. The HSHF diet accelerated the course of tumor evolvement. Tumor

cells with fatty changes might be induced by the HSHF diet.
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Introduction

N-ethyl-N-nitrosourea (ENU), an alkylating agent, was widely
used to study tumorigenesis by murine models from 50s to
80s last century (1-3) [reviewed by Shimkin and Stoner (4)].
Single intraperitoneal (i.p.) injection of ENU at a moderate
dose in gravid mice at late stages of gestation transplacentally
induced tumors mainly in the lung of the offspring (1-5). The
authors adapted the method and successfully established a
model in an inbred BALB/c strain (6). Approximately 1/3 of
ENU-induced lung tumors in our model naturally evolved
to adenocarcinomas at age of 32 weeks. There were no
significant differences in the frequency of induction of
lung tumors and of malignant transformation between
genders though some differences in the morphology of lung
adenocarcinomas were noted (6).

The association between high fat diets and cancer
development had been investigated for several decades
[reviewed by Font-Burgada er al. (7)]. Epidemiological
investigations observed that foods rich in fat were associated
with increased risk of cancer development (8-11), including
lung cancer (12,13). Preclinical studies by various models
demonstrated that high-fat or high sucrose-high fat (HSHF)
diet promoted the development of cancers (14-16); and the
underlying mechanisms were explored (16-18).

The model established by our research group was used to
investigate the impact of a HSHF diet on lung tumorigenesis
parallel in two inbred strains, BALB/c (B/c) and C57BL/6]
(B6J). The entire lungs of ENU- or buffer-treated mice
were harvested at age of 24 weeks and processed by a
standard procedure of paraffin-embedded blocks. Those
lungs were cut in serial sections but step sections of every 5"
(step sections in 5) were saved and stained with hematoxylin
and eosin (HE). The present study mainly reported findings
in the histology of ENU-induced lung tumors and the
impact of the HSHF diet on the progression of those
tumors.

Methods
Animals and foods
B6] and B/c inbred mice (SPF grade), 4 to 6 weeks old,

were purchased from animal facility center of Guangzhou
University of Chinese Medicine (animal certificates:
No. 44005800000798 and No. 44005800001289). After
1-week quarantine they were bred in the laboratory of our
animal facility under the control of temperature (20 to 26
Celsius), humidity (40% to 70%) and 12 h-12 h light-dark
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Table 1 Main ingredients of the standard and high sucrose-high fat
(HSHF) diet (g/kg)

Ingredients Standard diet HSHF diet

Corn 391.2 52.2% of the standard

Wheat bran 200.0 diet ad(lied wi.th following
ingredients

Ground wheat 150.0

Dehulled soybean meal 160.0

Soybean oil 13.3

Fish meal 40.0

Stone powder 15.0

Calcium hydrogen 20.0

phosphate

Additives 10.0

Choline 0.5

Sucrose 0.0 200.0

Lard 0.0 150.0

Cholesterol 0.0 12.0

Sodium cholate 0.0 2.0

Casein 0.0 100.0

Calcium hydrogen 0.0 6.0

phosphate

Stone powder 0.0 4.0

Additives 0.0 4.0

cycles. The sterile water was supplied. Food and water
were taken ad libitum. Mice of 2 strains were bred in the
same laboratory.

Both the standard and the HSHF diet were provided
by Guangdong Animal Center for Medical Research.
They were sterilized by “’Co. The main ingredients in
those diets were listed in 7able 1. The calories produced
by the standard and the HSHF diets were 3.4 kcal/g and
4.4 kcal/g, respectively. The procedures and conduction of
the experiments were reviewed and approved by Animal
Welfare Committee of Guangzhou Medical University
(certificate of animal study: No. 00098221). All technicians
and clinicians were certified to do animal work in the

facility.

Mating and calculation of gestation days

When females were at least 10 weeks old and their body
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Table 2 Summary of mice examined and average number of lung tumors per mouse or foci of alveolar hyperplasia observed in the ENU-treated

groups by gender and diet

Mice with tumors/

Total number of tumors*®

Strain Group-gender total mice examined (mean + SD/mouse) Mice with alveolar hyperplasia* [foci]
BALB/c HSHF-M 7/7 16 (2.3+1.4) 2/7 [4]
Standard-M 7/7 21 (3.0+1.3) 2/7 2]
HSHF-F 777 23 (3.3+1.8) 2/7 [3]
Standard-F 5/5 19 (3.8+1.6) 2/5[3]
C57BL/6J HSHF-M 5/6 11 (1.8+1.8) 0/6 [0]
Standard-M 5/5 6 (1.2+0.4) 0/5 [0]
HSHF-F 777 11 (1.6+0.8) 1/7 1]
Standard-F 3/6 7 (1.2+1.6) 0/6 [0]

*, lung tumors or foci of alveolar hyperplasia were observed on step sections in 5 (one 5 pm section per 25 pm intervals) of each entire
lung. There were no tumors observed in the control groups (3 mice examined in each group). HSHF, high sucrose-high fat diet; F, female; M,

male; SD, standard deviation.

weights reached 19 to 20 g for B6J and 21 to 22 g for B/c,
mating was carried out between 1 male and 1 female. Each
female mouse was taken into the cage of individually housed
male from 5Spm the previous day to about 8am the next
morning. After overnight mating, males were taken out of
the cages. Males rested for one week prior to another round
of mating. Gestation was determined 2 weeks post mating.
Those not in gravid would go into another round of mating.
Most of the mating were managed to go between brothers
and sisters. The mating of the 2 strains was conducted
in the same laboratory. Gestation days were arbitrarily
recorded as day 0 on the day of mating, day 0.5 at the time
of males taken out of the mating cages, and so forth.

Injection of ENU or buffer
ENU (Sigma-Aldrich, N3385-1G, purchased from

Guangzhou life science business area) was divided into 5
to 20 mg aliquots in sterile glass tubes upon arrival and
stored at =20 °C. It was prepared before the injection at a
concentration of 4 mg/mL by Na,HPO,/citric acid buffer
(pH 6.0) that was filtered by 0.25-pm filter. The buffer was
prepared in advance and stored at 4 °C.

The gravid mice of both strains on the 17" day of
gestation received an intraperitoneal (i.p.) injection of either
ENU (experimental group) at 40 mg/kg body weight or
vehicle buffer (control group) that was equivalent to ENU
injection by body weight. No mice died after the injection
in both groups. ENU- or buffer-injected females were
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individually housed and allowed to deliver as usual. They
were switched to a new cage with their litters 24 hours post
delivery. The litters were weaned on day 25. The mothers
were euthanized after weaning.

Feeding with the standard or HSHF diet

The offspring were randomly separated by gender upon
weaning. Both ENU- and buffer-treated offspring in each
strain were further divided into 2 subgroups by each gender.
One subgroup was put on the standard diet and the other
was on the HSHF diet from weaning to week 24 when they
were sacrificed.

Sample collection, processing and histological examination

Mice were fasted of food for 4 to 5 hours before necropsy.
Each lung was inflated and fixed with a phosphate-buffered
formalin (commercially purchased, Guangzhou, China).
After 24 to 48 hours’ fixation, the trachea was cut out. All
collected lungs went through a standard procedure for
paraffin-embedded blocks in an automatic tissue processor
(Leica, Shanghai, China).

The number of mice that their lungs were examined in
each subgroup was listed in Zable 2. The paraffin-embedded
blocks were randomly selected for histological examination.
Whole blocks of the lungs were cut in serial 5 pm sections
but only every 5™ (one 5 pm section per 25 pm intervals,
step sections in 5) were saved for staining by hematoxylin
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Figure 1 Development of lung tumors induced by ENU. (A) Alveolar cells in a focal area (red circle) were enlarged (original 100x). One

spot became quite solid (in the square). (B) The squared area in (A) was magnified to show that the enlarged cells were cuboidal with
centered and round nuclei in contrast to the normal alveolar cells that were flat with flattened nuclei (arrow heads; original 400x). The spot
of the solid area was outlined by arrows and could be seen filled by enlarged alveolar cells. (C) A solid tumor grew around a bronchiolar
terminal and its extending breathing alveolar duct (original 100x). (D) The bronchiolar terminal and breathing alveolar duct were magnified

to show that the tumor pushed the wall of the bronchiolar terminal but the wall was smooth and lining epithelial cells were present (arrows;

original 200x). All figures presented here were taken from hematoxylin and eosin stained slides.

and eosin (HE; Leica, Shanghai, China). Each block yielded
60 to 70 step sections. The histology of lung tumors was
assessed by a surgical pathologist (M.H.) in our research

group.

Results
Histological findings in the development of lung tumors

The earliest changes in the lung caused by ENU manifested
as that the alveolar walls were still discernible but lining cells
became hyperplastic (Figure 1A4) and gradually filled the space
of an alveolus to form a spot of solid area (Figure 1B). A lung
tumor was developed when the air space of several adjacent
aveoli were filled by hyperplastic alveolar cells to form a solid
nodule. The alveolar hyperplasia was regarded as a lesion
prior to tumor formation but not counted as a tumor in our
bioassays. The lesion was not easily seen in the B6J strain
(Table 2). Lung tumors derived from hyperplastic alveolar
cells were located close to the pleura and some of them were
in touch with it.

The hyperplasia of bronchiolar epithelial cells was not
observed. Some tumors grew around terminal bronchioles
and their extending breathing alveolar duct (Figure 1C).
The mode of tumor growth (Figure 1D) implied that those
tumors were probably developed either from the epithelial
cells lining the bronchiole at the very end or from alveolar
cells adjacent to the breathing alveolar duct. This group
of tumors was still located in the periphery of the lung but
farther from the pleura. Only a small proportion of tumors
scattered in the parenchyma of the lung but without any
signs to be in touch with a bronchiole on step sections.

© Journal of Thoracic Disease. All rights reserved.

Those tumors were possibly developed from alveolar cells
as well.

All mice examined were observed to get lung tumors in
the B/c strain and the average number of lung tumors per
mouse was similar in each subgroup regardless of gender
and diet (Table 2). Whereas, 4 out of 24 mice examined in
the B6J strain did not get lung tumors [7able 2; 1 mouse in
the male group on the HSHF diet (5/6) and 3 mice in the
female group on the standard diet (3/6)]. But the average
number of lung tumors per mouse remained similar in each
subgroup, also regardless of gender and diet (Zzble 2). There
seemed to be more tumors per mouse in the B/c strain than
that in the B6]J strain but the data would not be further
analyzed in the present study.

None of 24 mice examined from all buffer-treated groups
on both diets were observed to develop foci of alveolar
hyperplasia or lung tumors.

Histological findings in the natural evolvement of lung
tumors

Lung tumors manifested a variety of histological changes.
Some tumors were composed of cells that looked uniform
in shape and size with small centered and bland nuclei
(Figure 24,B); and were usually solid without any obvious
acini or papillae. Whereas, some others looked complex
as cellularity was partly increased (Figure 2C,D) and cells
varied in sizes (Figure 2C,D,E,FG,H and Figure 3). More
importantly, a small proportion of tumor cells with nuclear
dysplasia at various degrees appeared in the preexisted cells
and overlapped with those cells, which made a particular
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Figure 2 Lung tumors at early stages of development. (A) A solid tumor was located beside a bronchiolar terminal (arrow) and its extending

breathing alveolar duct. The tumor looked uniform (original 40x). (B) One area of the tumor in (A) was magnified to show that tumor
cells were cuboidal and similar in size. They had small, round and centrally located nuclei. The chromatin in the nuclei was fine without
discernible nucleoli. Tumor cells were arranged in solid nests (original 400x). (C) A solid tumor close to the pleura (arrow) was composed of
cells that were in 2 forms of cytology. Tumor cells in the area* looked smaller and less in cellularity than those in the area** (original 100x).
(D) The squared area on the border of the two cellular morphologies in (C) was magnified. Tumor cells in the lower corner looked as those
described in (B); whereas those in the upper part got slightly enlarged nuclei with a few of small nucleoli (arrows; original 400x). Taken the
cells in the lower corner as references, enlarged cells had a mild degree of nuclear dysplasia. (E) Acinar structures were developed in a solid
tumor beneath the pleura (arrows; original 100x). The pleura was thickened by fibrotic proliferation and infiltration of inflammatory cells. (F)
The squared area in (E) was magnified. The acinar structures looked like alveoli but with slender fibrous septa. The lining cells had irregular
nuclei and scant cytoplasm (original 400x). (G) A small tumor beneath the pleura (arrows) was partly papillary and micropapillae (free nests
of cells) were formed (original 200x). (FI) The squared area in (G) was magnified. The papillae had delicate fibrovascular cores and lining
cells of papillae and micropapillae (arrow heads) were similar to those described in (F) (original 400x). Some tumor cells in (F) and (H) got

nuclear dysplasia at a moderate degree. All figures presented here were taken from hematoxylin and eosin stained slides.

tumor look as if it was composed of layers of tumor
cells (Figure 2C and Figure 3C,D,E,F). At the same time,
the acinar or papillary or mixed histological structures
developed in a solid tumor (Figure 2E,G and Figure 34,C,E).

The morphological variations in lung tumors outlined
above demonstrated that tumor cells naturally evolved not
only with time, but also with different paces, which resulted
in that lung tumors were at different developmental stages
at the checkpoint of week 24 (Figures 2,3). Tumors without
nuclear dysplasia (Figure 24,B) or with mild to moderate
degree of nuclear dysplasia (Figure 2C,E,G) were at early
stages; and could be pathologically defined as adenomas or
adenomas with low-grade dysplasia. Those with nuclear
dysplasia at severe degree (Figure 34,C,E) were at late stages
and could be defined as adenoma with high-grade dysplasia;
and a few of them possibly reached a status of “carcinoma in
an adenoma” in a cytological view (Figure 3E,F) or suspected

© Journal of Thoracic Disease. All rights reserved.

focal invasive growth (Figure 4A4,B). Thus, lung tumors
could be classified into different categories according
to their histological presentation; and the comparison
in percentages of total tumors observed could be made
between the strains. Clearly, there were some percentages
of lung tumors in the category of late stage in the B/c strain
but not in the B6]J strain (7izble 3) on the standard diet.

Histological findings in the impact of the HSHF diet on
lung tumors

The HSHF diet accelerated the rate of natural evolvement
of lung tumors in both strains based on 2 facts. One was
that there was a trend that a proportion of tumors shifted
from a lower stage to a higher stage in both strains on the
HSHEF diet (7able 3). Another was that 3 tumors got spots
of malignant transformation in 2 females of the B/c strain
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Figure 3 Lung tumors at late stages of development. (A) A few of papillae were formed in a solid tumor beneath the pleura. Some

lymphocytes infiltrated on site (original 40x). (B) The squared area in (A) was magnified. Cells lining the acinar or papillae were crowded
(original 400x); and their nuclei were enlarged with coarse chromatin and varied in size. (C) A part of a large tumor showed that the tumor
was composed of cells differing in cytology (original 100x). Tumor cells in the 3 marked areas looked different in size and cellularity. Those
in the area* had the smallest number of cells, followed by those in the area** while cells in the area*** were crowded. Moreover, cells in
the area*™* were focally arranged in papillary structure. (D) A border area of the area** and area** was magnified. Cells in both areas were
dysplastic but differed. Though the cellular dysplasia in both areas could be defined as severe degree, those in the area*** looked even more
dysplastic (original 400x). (E) A part of a large tumor was also composed of cells different in cytology (original 40x). A papillary structure was
developed in the tumor (red oval circle). (F) A squared area in (E) was magnified. Tumor cells on the border of solid and papillary structures
were highly dysplastic (original 400x). Cells lining the papillae were more crowded; and their nuclei were larger and more irregular than

those in the solid area. Those cells could be taken as cancerous in a cytological view. All figures presented here were taken from hematoxylin

and eosin stained slides.

determined by invasive growth (Figure 4C,D,E,F). Those
tumors could be defined as adenocarcinomas. In one of the
tumors, cancer cells in the bronchiolar lumen poked the
wall of the bronchiole and invaded the same tumor on the
other side (Figure 4E,F). The tumor cells with high-grade
nuclear dysplasia (Figure 4G) looked similar to cancer cells
in the lumen of the bronchiole (Figure 4H). Therefore,
the invasive growth was a more reliable sign to define
malignancy.

The impact of the HSHF diet on the evolvement of
lung tumors seemed to be influenced by gender, stronger at
earlier stages in males in both strains. As tumors reached the
late stage (cells with high-grade nuclear dysplasia), the diet
sped up the tumor progression to become adenocarcinoma
only in females in the B/c strain (Table 3).

Another unexpected finding was that a cluster of tumor
cells were found to become “fatty” with wide and clear or
foamy cytoplasm (Figure 5) in both strains in ENU-treated
groups on the HSHF diet. A few of signet-ring shaped cells

© Journal of Thoracic Disease. All rights reserved.

were scattered here and there but mostly among cells with
clear or foamy cytoplasm (Figure 5B,C). The frequency was
8 tumors from 7 mice out of total 61 tumors from 27 mice
in both strains on the HSHF diet. The tumors with such
cytological features could be adenomas (Figure 5A4,B,C) or
adenomas with dysplasia at various degrees or tumors with
invasive growths (Figure 5D,E,F). None of the tumors on
the standard diet was observed to have such changes in the
present and previous (6) studies.

Discussion

The primary purpose of our study was to explore the
possible effects of the HSHF diet on the development of
lung tumors induced by ENU and to see if the effects would
be differential between the 2 strains. From our previous
experiences (6), the checkpoint was chosen at week 24 for
the reason that this was the critical time point to observe
malignant transformation if the diet would have any positive
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Figure 4 Suspected and definite invasive growth of lung tumors observed in those under the high sucrose-high fat (HSHF) diet. (A,B) A spot

of suspected invasion of the pleura was shown in 2 step sections of a tumor (original 200x). Tumor cells in an acinar arrangement seemed
to protrude through the pleura on the spot (arrows). Since the spot was not intact on both sections, a definite invasion was surrendered.
The tumor cells at the protruding spot were highly dysplastic (insert; original 400x). (C) Tumor cells seemed to poke through the wall of a
bronchiole at the spot* and grew inside the lumen of the bronchiole and another branch (slide scanned; the area clipped at 40x). (D) The
spot was magnified to show that the wall of the bronchiole (arrows) was broken at the spot* (the area clipped at 200x). (E) Another step
section of the same tumor showed that a spot of tumor cells (*) invaded the wall of the bronchiole from the lumen side into the tumor tissue
on the other side (the area clipped at 200x). (F) Under higher magnification, tumor cells poked through the wall of the bronchiole (arrows)
and got into the tumor tissue (original 400x). (G) Tumor cells along the wall of the bronchiole got nuclear dysplasia at a severe degree (original
400x). (H) Tumor cells inside the lumen of the bronchiole got similar cytological features as those shown in (G). The difference was that

the papillary structures with fibrovascular cores were formed in the tumor tissue in the bronchiolar lumen (original 400x). Some tumor cells

manifested as micropapillae (arrowheads). All figures presented here were taken from hematoxylin and eosin stained slides.

impact on tumor development and progression. Step
sections in 10 (one 5 pm section per 50 pm interval) was
reported equivalent to that by serial sections in assessing
the incidence, histological type, size of all proliferative
processes (19) and number of tumors (20) in the entire lung.
The authors got similar experiences by step sections in 5
(one 5 pm section per 25 pm interval) in the present study
(Tables 2,3). Although numbers of tumors varied from mouse
to mouse (Tible 2), tumor pathology was fairly informative
and comparable from mouse to mouse and between the 2
strains.

By step sections in 5, the authors could define for the
first time that the low- or high-grade nuclear dysplasia was
an entity of lung tumors induced by ENU; and the entity
showed that a cluster of tumor cells in a particular tumor
were evolving step-by-step towards malignancy (Figures 3,4).
Because of those constantly evolving cells, a proportion of
lung tumors were doomed to become malignant at a certain

© Journal of Thoracic Disease. All rights reserved.

point. The appearance of high-grade dysplasia in tumor
cells accompanied with histological restructuring indicated
tumor progression. Fibrotic reaction and inflammatory
infiltration in the pleura (Figure 2E) in tumors in touch
with it reflected that the tumors were at an advanced
stage. Back in 1971, Kimura (21) did conclude from his
elegant histological and transplanted studies that different
histological patterns of tumor structure represented a
status of tumor progression. In fact, the evolvement of lung
tumors was outlined by the spectrum of morphological
changes (from focal hyperplasia of alveolar cells, adenomas
in solid, papillary or mixed forms to adenocarcinomas) but
was neither considered nor signified by other investigators
(20-23). Tumor structures were more emphasized than the
cytology of tumor cells.

Thus, tumor histology was instrumental to discriminate
the nature of a tumor, probably more precise than tumor
number or size. The inflation of the lungs by the buffered
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Table 3 Effect of the HSHF diet on the evolvement of lung tumors grouped by tumor histological category

Adenoma with high-grade Adenoma with low-grade

Adenoma with malignant Adenoma without nuclear

Strain Group-gender transformation (tumors/total) nuzllja:;?sy;g:aazia* nug:ﬁ:‘;iﬁcigiia dysplasia (tumors/total)
BALB/c  HSHF-M 0.0 (0/16) 43.7 (7/16) 18.8 (3/16) 37.5 (6/16)

SD-M 0.0 (0/21) 23.8 (5/21) 28.6 (6/21) 47.6 (10/21)

HSHF-F 13.0 (3/23) 13.1 (3/23) 39.1 (9/23) 34.8 (8/23)

SD-F 0.0 (0/19) 21.0 (4/19) 31.6 (6/19) 47.4 (9/19)
C57BL/6J HSHF-M 0.0 (0/11) 0.0 (0/11) 54.5 (6/11) 45.5 (5/11)

SD-M 0.0 (0/6) 0.0 (0/6) 50.0 (3/6) 50.0 (3/6)

HSHF-F 0.0 (0/11) 0.0 (0/11) 36.4 (4/11) 63.6 (7/11)

SD-F 0.0 (0/7) 0.0 (0/7) 14.3 (1/7) 85.7 (6/7)

*, including those with suspected invasive growth and carcinoma in an adenoma. HSHF, high sucrose-high fat diet; F, female; M, male; SD,
standard diet.

Figure 5 Foamy and signet-ring cells were observed in lung tumors on the high sucrose-high fat (HSHF) diet. (A) Clusters of foamy and

signet-ring cells could be seen in a tumor with nuclear dysplasia at a mild to moderate degree (original 100x). (B) The squared area* in (A)
was magnified. Tumor cells got wide and foamy cytoplasm. A few of signet ring cells (arrows) were scattered among them (original 400x). (C)
The squared area* in (A) was magnified. A few of signet ring cells (arrows) were found though other cells did not show any foamy cytoplasm
(original 400x). (D) One step section of the same tumor shown in the Figure 3E displayed that the tumor seemed to have some light areas
mingled with dark ones (original 40x). The area in red oval circle was the marker of the tumor. (E,F) Two light areas were magnified to show
that most of cells had wide, light and foamy cytoplasm; and a few of signet ring cells could be seen in F (E and F, original 400x). Those cells

got nuclear dysplasia at a severe degree. All figures presented here were taken from hematoxylin and eosin-stained slides.

fixative and proper step sections were essential to get precise strains.

histological assessment. Based on the tumor histology, it In the present study, the HSHF diet was given on the day
was possible for us to compare percentages of lung tumors of weaning when the ENU administration had completed
in different categories and effects of the HSHF diet on the for 26 to 27 days. Since the number of lung tumors was
tumor development and progression between genders and not affected by the diet in both strains while compared

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2019;11(11):4735-4745 | http://dx.doi.org/10.21037/jtd.2019.10.64



Journal of Thoracic Disease, Vol 11, No 11 November 2019

with the groups on the standard diet (Table 2), it indicated
that the diet had little impact on tumor development. The
main effects of the diet were to accelerate evolving of tumor
cells (Table 3). In the B/c strain such effects were more
prominent and resulted in lung adenocarcinoma developed
(3723 lung tumors from 2/7 female mice examined) as
compared with those on the standard diet (0/19 tumors
from 7 female mice examined). In reality, the effects of
similar HSHF diets might be very complex, depending on
the time of administration. Combining or synergic effects
with the carcinogenic agents might be present if given
simultaneously (15,16).

Tumor cells with wide foamy or clear or signet-ring
cytoplasm (Figure 5) appeared in 8 tumors from 7 mice out of
total 61 tumors from 27 mice of both strains on the HSHF
diet. Since those cells appeared not only in the tumors with
the invasive growth (Figure 5D,E,F) but also in adenomas
with nuclear dysplasia at various degrees (Figure 5A,B,C), the
authors assumed that the occurrence of such cells might be
an early event that was separated from tumor evolvement.
In reviewing of research papers, the authors learned that
in a few benign tumors, foamy and signet ring cells were
also observed (24-28) but only few were positively stained
with mucin (27). At the moment we could not offer any
explanations but proposed a hypothesis that those clusters of
foamy cells might acquire ability, induced by a long term of
administration of the HSHF diet, to actively store lipids or
glycogen or mixture of both in their cytoplasm like liver cells.
The significance was unknown. Certainly, additional study on
our hypothesis was assured.

As for our proposal that lung tumors developed at
different times, the authors would like to refer the finding
that the number of lung tumor increased with time and
plateaued at a certain point in the Swiss-Webster and C3H
mice reported by other investigators (29,30). Since fetal lung
development and the proliferation of alveolar cells affected
the induction of lung tumors (2,3,31), different gestational
durations among strains might contribute to the timing of
alveolar development and proliferating index of alveolar
cells, therefore, to the efficacy of neoplastic transformation
of alveolar cells by ENU. The authors had observed that
gestational durations was 0.3 days significantly longer in the
B6] stain than in the B/c strain (32).

Conclusions

The spectrum of histological changes of lung tumors at the
observing time point, together with the appearance of low-
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or high-grade dysplasia, determined lung tumors developed
at different times and naturally evolved at different paces.
In fact, those tumors were at different developmental
stages. The HSHF diet accelerated the course of natural
evolvement and promoted adenocarcinoma developed
in female mice of the B/c strain. The present study laid
a foundation for further analysis of the effects expressed
by the HSHF diet. On the whole, lung tumors in the B6]
strain were less in number and less advanced in terms of
developmental stages than those in the B/c strain (Tables 2,3);
but a full comparison between the 2 strains was beyond
the scope of the present study and would assure a further
investigation.
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