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Changes in Tracheal Respiratory Mucosa
After Thyroidectomy: A Rat Model
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Abstract. Background/Aim: This study aimed to investigate
changes in the tracheal mucosa after thyroidectomy, that can
be a cause of post-thyroidectomy discomfort. Materials and
Methods: Forty rats were divided into normal controls and 3
surgical groups: (i) thyroid isthmectomy with cauterization,
(ii) isthmectomy by a cold instrument without hemostasis, and
(iii) sham (exposure of the trachea and thyroid gland without
thyroidectomy by dissection through pretracheal fascia).
Animals were euthanized at 1 and 4 weeks. Mucosal edema
and glandular hyperplasia were measured. Mucin production
and basal cell activities were evaluated by mucin 5AC
(MUCS5AC) and keratin 5 (KRT5) using immunofluorescence
staining. Results: Larger mucosal areas were observed in all
surgical groups at 1 and 4 weeks. More submucosal
glandular hyperplasia was noted in the group with
isthmectomy without hemostasis. MUCSAC and KRTS5
expressions were significantly higher in the surgical groups.
Conclusion: The tracheal mucosa may change after surgery,
which could explain postoperative discomfort after
thyroidectomy.

Thyroidectomy is the treatment of choice for thyroid
malignancy as well as a viable option for benign thyroid
disease. Although life-threatening complications such as
hematoma and bilateral vocal-fold paralysis are decreasing,
about 80% of patients complain of postoperative discomfort,
including vague voice changes, increased thick secretion,
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neck paresthesia, and choking sensation even without
recurrent laryngeal nerve paralysis (1, 2). Voice changes are
usually expected to improve within months, but in
approximately 25% of patients, these persist up to 12 months
(3). Voice and swallowing symptoms are known to be related
to surgical extent and globus sensation, and swallowing
difficulty can last many years (3, 4). However, its
mechanism is still not fully understood. Many studies have
focused on the external environment of the trachea (5).
Trauma caused by endotracheal intubation, adhesion of the
strap muscle, poor blood supply to the larynx, and
laryngotracheal fixation are known possible risks (5, 6).

Inflammation in the airway mucosa can induce respiratory
mucosal thickening with increased mucus secretion by
hyperplasia of goblet cells and submucosal gland hyperplasia
and hypertrophy (7, 8). Basal cells are the progenitor cells of
the airway epithelium and are located above the basement
membrane (9). They express keratin 5/14 and transcription
factor TP63, are activated after epithelial injury, and induce
pathological airway remodeling (10). The activity of basal
cells can be measured by keratin 5 (KRT5) expression (9, 10).

Generally, a wound-healing process is initiated by a local
inflammatory reaction and fibrin deposition (11). The
structural composition of fibrin can affect the quality of the
healing process. If hemostasis is not performed properly
during surgery, excessive fibrin deposition can occur and
induce disturbance of wound healing through prolonged
inflammation (12, 13). We previously reported that excessive
fibrin deposition after thyroidectomy can induce
inflammation and increase collagen formation in the external
environment of the trachea (13).

To our knowledge, there has been no study on the
postoperative changes in the respiratory mucosa in a
thyroidectomy wound-healing model. We aimed to further
understand the discomfort in post-thyroidectomy patients and
identify the morphological and functional changes in the
trachea. Maeda et al. (14) reported that the voice changes after
thyroid surgery might be due to airway edema caused by
disturbance in the venous and lymphatic drainage. It is also
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known that the first-echelon lymphatics for cervical trachea are
the pretracheal and paratracheal nodes via the intercartilaginous
spaces, next to the deep cervical nodes (15-17).

We hypothesized that thyroid surgery can also influence
the internal environment of the trachea, which would exhibit
changes in the tracheal mucosa such as mucosal edema and
increased secretion. The objective of this study was to
investigate the structural and functional changes in the
tracheal respiratory mucosa using a thyroidectomy wound-
healing murine model with several surgical conditions.

Materials and Methods

Animals and surgical procedures. Forty female Sprague-Dawley rats
weighing 200 to 250 g were housed in standard laboratory
conditions, under standardized light (12/12-h light/dark cycle),
temperature (21-23°C), and humidity (40-60%), with free access to
food pellets and water. The study was approved and conducted in
accordance with the Institutional Animal Care and Use Committee
of Dongguk University Ilsan Hospital JACUC: 2014-11114).

Forty rats were divided into 4 groups of 10 rats each: normal
control (NC), sham, isthmectomy after cauterization of cutting edge
of thyroid for hemostasis (I+C+), and isthmectomy by a cold
instrument without hemostasis that leads to excessive fibrin deposition
(I+C-). Anesthesia was performed by intramuscular injection with
tiletamine hydrochloride/zolazepam hydrochloride (0.1 ml/kg body
weight, Zoletil 50; Virbac Laboratories, Carros, France) and xylazine
(0.1 ml/kg body weight, Rompun; Bayer, Leverkusen, Germany),
including rats in the normal control group. In the supine position, the
neck was prepared with a povidone-iodine solution. All surgical
procedures were performed under aseptic conditions. A vertical
incision approximately 3 cm was made over the midline of the neck.
After separating the submandibular glands on both sides, the
superficial layer of the deep cervical fascia and strap muscles were
exposed and dissected laterally. We eventually exposed the thyroid and
full length of the cervical trachea, and rats that underwent this
procedure were allocated to the sham operation group (Figure 1A).
Then, we removed the isthmus of the thyroid (2 mm width), and rats
that underwent this procedure were assigned to the 1+C+ and I+C-
groups, depending on whether they underwent electrocauterization or
not. Half of the rats were euthanized using carbon dioxide at 1 week
and the remainder at 4 weeks after the operation. The sample size in
each group was calculated to provide 90% power for detecting a
difference of magnitude A=0.05 mm2 of the mucosal area using a 5%
level 2-sided test. Preoperative and postoperative thyroid function tests
were performed to rule out the effect of hypothyroidism.

Histopathological evaluation. En-bloc resection of the aerodigestive
tract, including the larynx, trachea, and esophagus with the
overlying strap muscles, was performed (Figure 1B). The specimens
were fixed in 4% neutral buffered formalin for 24 h. The tissue was
then embedded in paraffin and sliced to a thickness of 4 um. Three
sections were prepared for each animal, and 15 slides were
evaluated per group in the area of the isthmectomy for each
staining. We measured the mucosal and submucosal areas in the
hematoxylin and eosin (H&E)-stained slides to determine
postoperative mucosal edema. The increase in airway secretion was
evaluated by submucosal glandular hypertrophy and hyperplasia.
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Figure 1. Strap muscles separated along the midline after incision. (A)
Visceral fascia with the trachea and thyroid. (B) Postsurgical en-bloc
resection of the aerodigestive tract.

The number of secretory ductal openings from the submucosal
gland to the airway lumen was also evaluated (Figure 2).
Photographs at x40 magnification were taken of each slide that
contained views of the upper half of the tracheal mucosa and lumen.
The images were measured by Image J software version 1.50i
(National Institutes of Health, Bethesda, MD, USA).

To check for expression of mucin SAC (MUC5AC) and KRTS in
the tracheal mucosa, immunohistochemically-staining antibodies for
each specific antigen (mouse monoclonal, ABIN966607,
ABIN126702; Antibodies, Davis, CA, USA) were used. MUC5AC
expression was evaluated for mucin deposition in goblet cells, and
KRTS detection was performed by immunofluorescence staining
(secondary Ab; Alexa Fluor® 488 goat anti-mouse IgG, A11001,
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Figure 2. Representative images of the tracheal mucosa at postoperative
4 weeks (H&E stain, x40). Secretory duct openings are marked by
black arrows.

Life Technologies, Carlsbad, CA, USA) to determine basal cell
proliferation in the epithelium. Each image was captured by an
Olympus BX53 microscope (Olympus, Tokyo, Japan) fixed with a
DP73 cooled digital color camera (model DP73-1-51; Olympus,
Tokyo, Japan). Captured images were adjusted for brightness and
intensity of green fluorescence to a standard level using Photoshop
CS6 (Adobe Systems, San Jose, CA, USA). Using the Image J
software under magnification (x400), the count of cells that reacted
with each antibody per total epithelial area was converted into
percentile, and the mean value was calculated.

Statistical analysis. The Mann-Whitney U-test was used to compare
differences among the experimental groups. The null hypothesis of
no difference was rejected if the p-value was <0.05. All statistical
analyses were performed with IBM SPSS Statistics for Windows
version 18.0 (IBM, Armonk, NY, USA).

Results

Changes in the tracheal mucosa: H&E staining. All animals
tolerated the surgeries and survived the experimental period.
Compared to the NC group, the mucosal area significantly
increased in all surgical groups at 1 week (sham: 0.16 vs.
0.30 mm?, p=0.013; I+C-: 0.16 vs. 0.29 mm?, p=0.017;
I+C+: 0.16 vs. 0.39 mm?2, p=0.008) and persisted at 4 weeks
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Figure 3. Changes in the tracheal mucosa. (A) The mucosal area
significantly increased in all surgical groups compared to that in the
NC group at 1 and 4 weeks. (B) Only the I+C+ group exhibited
significantly improved mucosal edema with time, which had a lesser
extent compared with that of the sham and I+C- groups at 4 weeks. (C)
All surgical groups demonstrated ductal openings to the tracheal lumen,
whereas the NC group did not. *p<0.05.

(sham: 0.12 vs. 0.34 mm?, p=0.039; I+C-: 0.12 vs. 0.33
mm?, p=0.020; 1+C+: 0.12 vs. 0.26 mm?2, p=0.034) (Figure
3A). Although the mucosal area increased in the sham and
I+C- groups at 4 weeks, only the I[+C+ group exhibited
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Figure 4. Mucin deposition significantly increased in all surgical groups compared with that in the NC group. Mucin production decreased at 4
weeks in all surgical groups but was only statistically significant in the I+C+ group (immunofluorescence stain, x400). *p<0.05, **p<0.01.

significantly improved mucosal edema with time (0.38 vs.
0.26 mmz, p=0.014), which had a lesser extent than the
sham and I+C- groups at 4 weeks.

The number of submucosal glands significantly increased
at 4 weeks in the I+C- group compared to NC (7.5 vs. 14.1,
p=0.015), which was higher than that of the I+C+ group
(14.1 vs. 6.8, p=0.013) (Figure 3B). Ductal openings to the
tracheal lumen were noted in all surgical groups, but not in
the NC group. The [+C- group had the highest number of
secretory ductal openings at both 1 and 4 weeks, but there
was no difference between the surgical groups (Figure 3C).
Submucosal gland hypertrophy did not differ among groups.

Changes in MUCSAC and KRTS5 expression: immuno-
fluorescence staining. MUCSAC expression significantly
increased in all surgical groups compared to the NC at 1 week
(sham: 0.2% vs. 11.2%, p=0.001; I+C-: 0.2% vs. 12.8%,
p=0.001; I+C+: 0.2% vs. 11.0%, p=0.001) and 4 weeks (sham:
0.2% vs. 8.2%, p=0.003; I+C-: 0.2% vs. 9.6%, p=0.003; I+C+:
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02% vs. 3.7%, p=0.004) (Figure 4). At 4 weeks, mucin
production decreased in all surgical groups, that was
statistically significant in the I+C+ group (11.0% vs. 3.7%,
p=0.008). Furthermore, the I+C+ group had lesser expression
than the I+C- group at 4 weeks (3.7% vs. 9.6%, p=0.041).
Basal cell activity by KRTS expression significantly increased
in all surgical groups compared to the NC group at 1 week
(sham: 2.3% vs. 12.5%, p=0.004; 1+C-: 2.3% vs. 11.5%,
p=0.006; I+C+: 2.3% vs. 19.5%, p=0.001) and 4 weeks (sham:
1.3% vs. 11.7%, p=0.001; I+C-: 1.3% vs. 15.8%, p=0.001;
[+C+: 1.3% vs. 16.4%, p<0.001) (Figure 5). At 4 weeks, the
[+C- and I+C+ groups had higher activities than the sham
group (11.7% vs. 15.8%, p=0.010; 11.7 vs. 16.4%, p=0.011).

Discussion
In this study, we found that the surgical procedure of

thyroidectomy can induce significant changes in the tracheal
respiratory mucosa. Mucosal edema increased in all surgical
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Figure 5. KRTS expression increased in all surgical groups compared to that in the NC group. Although KRTS expression decreased at 4 weeks in
the sham and I+C+ groups, it decreased in the I+C- group (immunofluorescence stain, x400). *p<0.05, **p<0.01.

groups at both 1 and 4 weeks after surgery. It improved
significantly only in the I+C+ group with time, but persisted
in all surgical groups at 4 weeks. Significant submucosal
glandular hyperplasia occurred in the I+C- group at 4 weeks,
and the number was much higher than that in the I+C+
group. The surgical groups exhibited secretory ductal
openings to the lumen, but the NC group did not. The I+C-
group had the highest number of openings at both 1 and 4
weeks. These results suggest that surgical procedures
including sham operation caused adverse effects to the inner
environment of the trachea and induced structural changes
in the respiratory mucosa. The excessive fibrin deposition in
the outer environment had an adverse impact on the inner
tracheal respiratory mucosa.

When the airway mucosa is exposed to respiratory
irritants, inflammatory mediators induce peripheral plasma
extravasation and cause mucosal edema (18). In diseased
lung tissue caused by chronic bronchitis, asthma, and cystic
fibrosis, hyperplasia of the submucosal gland, which is more

prominent than hypertrophy, and an increase in mucous cells
or inflammatory score are more responsible for sputum
production than the other changes that occur (19, 20). Mucus
is a viscoelastic gel composed of water and high-molecular-
weight glycoproteins called mucin. The major gel-forming
mucins in human respiratory tracts are MUCS5AC and
MUCS5B (21, 22). We noted that MUCS5AC expression
increased in all surgical groups and significantly decreased
only in the I+C+ group over time. At 4 weeks, the I+C-
group had more MUCS5AC expression than the I+C+ group,
which suggests that delayed wound healing due to excessive
fibrin deposition can lead to increased mucus secretion
postoperatively (13).

Basal cells constitute approximately 30% of the
pseudostratified ciliated columnar epithelium (23). Although
they are a generally undifferentiated state, human airway
basal cells are characterized by expression of transcription
factors such as cytokeratin 5, 14 (KRT5/14) and
transformation-related protein 63 (Trp63) (24, 25). When
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trauma occurs, they quickly proliferate and initiate the
healing process (26). In our study, basal cell activities of
KRTS5 expression increased to a high degree at 1 week and
persisted in all surgical groups. Additionally, groups with
thyroid surgery had higher KRTS5 expression than the sham
group at 4 weeks. These findings suggest that surgical
procedures influenced the internal environment of the
trachea, which necessitated the proliferation of basal cells.

The fascias of the neck consist of connective tissue and
constitute a potential space containing interstitial fluid, most
of which merge into lymphatic flow (27). Deep cervical
fascias comprise the superficial, middle, and deep layers.
The middle layer of the deep cervical fascia, referred to as
the visceral layer, is divided into muscular and visceral
layers, which envelope the strap muscles of the anterior neck
and the thyroid, esophagus, pharynx, and larynx, respectively
(28). The pretracheal and paratracheal spaces contain
lymphatic drainage from the cervical trachea (15-17). To
expose the thyroid and the trachea, we dissected the
superficial and middle layers of the deep cervical fascia of
the surgical groups including the sham group through the
pretracheal fascia. It is thought that this surgical procedure,
which exposes the full length of the trachea in a murine
model, would bring about mucosal tissue edema or lymph
stasis due to disruption of the lymphatic channel especially
in the pretracheal and paratracheal spaces. Since lymphatic
drainage of the trachea will be hampered by the disruption
of lymphatics in the fascias that would be dissected, it can
be reasonably assumed that the exposure of the trachea
through the pretracheal fascia is a determinant step that
induces these changes. We believe this is the reason the sham
group was not an exception to the postoperative changes in
the tracheal mucosa. Considering full exposure of the
cervical trachea in the sham group, it is thought that
additional thyroid isthmectomy just a few millimeters in
width could not make much difference in the tracheal
mucosa (Figure 1).

Lymphedema results from lymphatic insufficiency and
leads to a progressive inflammatory process that manifests
as discomfort in the target organ and causes recurrent
infections (29). Most of all, these morbidities contribute to
a poor quality of life (30, 31). In this respect, it is thought
that there would be chronic inflammatory stimuli in the
tracheal mucosa that drive inflammatory airway response
such as increased secretion as well as tissue edema. Our data
suggest that the surgical procedure exposing the visceral
layers of the neck overlying the thyroid and trachea can
induce changes in the inner environment of the trachea such
as mucosal edema and increased mucus secretion.

This animal experiments were performed by the same
surgical procedure used for humans and has the advantage of
excluding the effect of endotracheal intubation and the
imbalance of thyroid hormone compared to thyroidectomized
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patients. However, full exposure of the cervical trachea in rats
might have brought the more prominent change. Meanwhile,
the actual thyroid surgery would be more complicated and can
be more extensive if indicated; such as total thyroidectomy
with central or lateral neck lymph node dissection.
Furthermore, possible postoperative complications have to be
considered in patients with a history of previous surgery (32).
The more extensively dissected, the more disturbed the
lymphatic system would be, which can explain the findings of
a previous study that voice and swallowing discomforts related
to surgical extent (3). Thyroid isthmectomy in this murine
model is a simple thyroid surgery, and did not influence the
thyroid function. Our experiments were performed without
intubation, and anesthesia was also introduced to the control
group. Thus, the effect of anesthesia and endotracheal
intubation can be excluded. We believe that this study is
helpful in understanding the discomfort of patients who
underwent thyroidectomy. It can also lead to further studies
on reducing or restoring the changes in the tracheal mucosa
after thyroidectomy for a better quality of life.

The limitation of this study is the lack of long-term
observation/analysis. However, the lifespan of rats is not the
same as that of humans and thus reflects a long period. Even
though it is thought that these postoperative changes will
recover along with the wound-healing process, these data
consistently show that thyroid surgeries influenced the
tracheal respiratory mucosa and induced mucosal changes,
that are negatively affected by excessive fibrin deposition.
Recently, we also noticed significant changes in gene
expression in the tracheal mucosa, which explain these
findings. Our future research will be focused on changes in
the lymphatic system in the trachea and their mechanisms,
with long-term analysis.

Conclusion

Airway edema with submucosal gland hyperplasia was noted
in all surgical groups with increased mucus production and
basal cell activities and it was more pronounced in the group
with excessive fibrin. This study demonstrates that thyroid
surgeries dissecting the pretracheal space can induce
structural and functional changes in the tracheal mucosa.

Conflicts of Interest

The Authors declare no conflicts of interest associated with this
manuscript.

Authors’ Contributions

YS.L,YJ.C,HBK., SWP. and J.H.P. conceived and designed the
study. Y.S.L., YJ.C. and H.B K. performed animal experiments.
YS.L,YJC.,BHK. HBK. C.G.C.and J.H.P. analysed the data.



Lim et al: Changes in Tracheal Mucosa After Thyroidectomy

YS.L., YJ.C., BHK. HBK drafted the manuscript. All authors
revised the article for important intellectual content, reviewed the
data and their analyses and approved this article.

Acknowledgements

This work was supported by the National Research Foundation of
Korea (NRF) (grant NRF-2017R1D1A1B03029710).

References

1 Cha W, Kim DW, Kim SD, Jeon EH, Jeong WJ and Ahn SH:
Effect of perioperative treatment with a hypoxia-inducible factor-
1-alpha inhibitor in an orthotopic surgical mouse model of thyroid
cancer. Anticancer Res 35(4): 2049-2054, 2015. PMID: 25862859.

2 Lombardi CP, Raffaelli M, Princi P, Dobrinja C, Carrozza C, Di
Stasio E, D'Amore A, Zuppi C and Bellantone R: Parathyroid
hormone levels 4 hours after surgery do not accurately predict
post-thyroidectomy hypocalcemia. Surgery /40(6): 1016-1023;
discussion 1023-1025, 2006. PMID: 17188152. DOI: 10.1016/
j-surg.2006.08.009

3 Ryu J, Ryu YM, Jung YS, Kim SJ, Lee YJ, Lee EK, Kim SK,
Kim TS, Kim TH, Lee CY, Park SY and Chung KW: Extent of
thyroidectomy affects vocal and throat functions: A prospective
observational study of lobectomy versus total thyroidectomy.
Surgery 154(3): 611-620, 2013. PMID: 23932596. DOI:
10.1016/j.surg.2013.03.011

4 Pereira JA, Girvent M, Sancho JJ, Parada C and Sitges-Serra A:
Prevalence of long-term upper aerodigestive symptoms after
uncomplicated bilateral thyroidectomy. Surgery 733(3): 318-322,
2003. PMID: 12660645. DOI: 10.1067/msy.2003.58

5 Lombardi CP, Raffaelli M, D'Alatri L, Marchese MR, Rigante
M, Paludetti G and Bellantone R: Voice and swallowing changes
after thyroidectomy in patients without inferior laryngeal nerve
injuries. Surgery /40(6): 1026-1032, 2006. PMID: 17188153.
DOI: 10.1016/j.surg.2006.08.008

6 Stojadinovic A, Shaha AR, Orlikoff RF, Nissan A, Kornak MF,
Singh B, Boyle JO, Shah JP, Brennan MF and Kraus DH:
Prospective functional voice assessment in patients undergoing
thyroid surgery. Ann Surg 236(6): 823-832, 2002. PMID:
1422649. DOI: 10.1097/00000658-200212000-00015

7 Fahy JV, Corry DB and Boushey HA: Airway inflammation and
remodeling in asthma. Curr Opin Pulm Med 6(1): 15-20, 2000.
PMID: 10608420. DOI: 10.1097/00063198-200001000-00004

8 Rubin BK: Secretion properties, clearance, and therapy in airway
disease. Transl Respir Med 2(1): 6, 2014. PMID: 25505698.
DOI: 10.1186/2213-0802-2-6

9 Rock JR and Hogan BL: Epithelial progenitor cells in lung
development, maintenance, repair, and disease. Annu Rev Cell
Dev Biol 27: 493-512, 2011. PMID: 21639799. DOI: 10.1146/
annurev-cellbio-100109-104040

10 Warner SM, Hackett TL, Shaheen F, Hallstrand TS, Kicic A,
Stick SM and Knight DA: Transcription factor p63 regulates key
genes and wound repair in human airway epithelial basal cells.
Am J Respir Cell Mol Biol 49(6): 978-988, 2013. PMID:
23837456. DOI: 10.1165/rcmb.2012-04470C

11 Laurens N, Koolwijk P and de Maat MP: Fibrin structure and
wound healing. J] Thromb Haemost 4(5): 932-939, 2006. PMID:
16689737. DOI: 10.1111/j.1538-7836.2006.01861 .x

12 Clark RA: Fibrin and wound healing. Ann NY Acad Sci 936:
355-367, 2001. PMID: 11460492. DOI: 10.1111/j.1749-6632.
2001.tb03522 .x

13 Lim YS, Kim HB, Park JH, Cho CG, Park SW, Lee JS, Kim EJ
and Kwon SK: Effects of excessive fibrin deposit and
polylactide adhesion barrier on wound healing in thyroidectomy
murine wound model. Head Neck 40(6): 1207-1213, 2018.
PMID: 29385303. DOI: 10.1002/hed.25096

14 Maeda T, Saito M, Otsuki N, Morimoto K, Takahashi M, Iwaki
S, Inoue H, Tomoda C, Miyauchi A and Nibu K: Voice quality
after surgical treatment for thyroid cancer. Thyroid 23(7): 847-
853, 2013. PMID: 23234370. DOI: 10.1089/thy.2012.0060

15 Committee on Classification of Regional Lymph Nodes of Japan
Society of Clinical Oncology: Classification of regional lymph
nodes in japan. Int J Clin Oncol 8(4): 248-275, 2003. PMID:
12955581. DOI: 10.1007/s10147-003-0343-7

16 Shields TW: Lymphatics of the lungs. In: General thoracic
surgery. 5th ed. Shields TW, LoCicero J, Ponn RB (eds.).
Philadelphia, Lippincott Williams and Wilkins, pp 77-90, 2000.

17 Lucioni M, D'Ascanio L, De Nardi E, Lionello M, Bertolin A
and Rizzotto G: Management of paratracheal lymph nodes in
laryngeal cancer with subglottic involvement. Head Neck 40(1):
24-33,2018. PMID: 28960661. DOI: 10.1002/hed.24905

18 Anderson SD and Kippelen P: Airway injury as a mechanism for
exercise-induced bronchoconstriction in elite athletes. J Allergy
Clin Immunol 7/22(2): 225-235; quiz 236-237, 2008. PMID:
18554705. DOI: 10.1016/j.jaci.2008.05.001

19 Gibson-Corley KN, Olivier AK and Meyerholz DK: Principles for
valid histopathologic scoring in research. Vet Pathol 50(6): 1007-
1015, 2013. PMID: 23558974. DOI: 10.1177/0300985813485099

20 Jeffery P and Zhu J: Mucin-producing elements and
inflammatory cells. In Novartis Found Symp 248: 51-68;
discussion 68-75, 277-282, 2002. PMID: 12568488.

21 Kesimer M, Ford AA, Ceppe A, Radicioni G, Cao R, Davis CW,
Doerschuk CM, Alexis NE, Anderson WH, Henderson AG and
Barr RG: Airway mucin concentration as a marker of chronic
bronchitis. N Engl J Med 377(10): 911-922, 2017. PMID:
28877023. DOI: 10.1056/NEJMoal701632

22 Voynow JA and Rubin BK: Mucins, mucus, and sputum. Chest
135(2): 505-512, 2009. PMID: 19201713. DOI: 10.1378/
chest.08-0412

23 Evans MJ, Van Winkle LS, Fanucchi MV and Plopper CG:
Cellular and molecular characteristics of basal cells in airway
epithelium. Exp Lung Res 27(5): 401-415, 2001. PMID:
11480582. DOI: 10.1080/019021401300317125

24 Daniely Y, Liao G, Dixon D, Linnoila RI, Lori A, Randell SH,
Oren M and Jetten AM: Critical role of p63 in the development
of a normal esophageal and tracheobronchial epithelium. Am J
Physiol Cell Physiol 287(1): C171-181, 2004. PMID: 15189821.
DOI: 10.1152/ajpcell.00226.2003

25 Schoch KG, Lori A, Burns KA, Eldred T, Olsen JC and Randell
SH: A subset of mouse tracheal epithelial basal cells generates
large colonies in vitro. Am J Physiol Lung Cell Mol Physiol
286(4): L631-642, 2004. PMID: 12959927. DOI: 10.1152/
ajplung.00112.2003

26 Rock JR, Onaitis MW, Rawlins EL, Lu Y, Clark CP, Xue Y,
Randell SH and Hogan BL: Basal cells as stem cells of the
mouse trachea and human airway epithelium. Proc Natl Acad Sci
USA 106(31): 12771-12775, 2009. PMID: 19625615. DOI:
10.1073/pnas.0906850106

1139



in vivo 34: 1133-1140 (2020)

27 Karpathiou G, Stachowitz ML, Dumollard JM, Gavid M, 31 Biglia N, Zanfagnin V, Daniele A, Robba E and Bounous VE:

Froudarakis M, Prades JM and Peoc'h M: Gene expression Lower body lymphedema in patients with gynecologic cancer.
comparison between the primary tumor and its lymph node Anticancer Res 37(8): 4005-4015,2017. PMID: 28739682. DOI:
metastasis in head and neck squamous cell carcinoma: A pilot 10.21873/anticanres.11785
study. Cancer Genomics Proteomics /6(3): 155-61, 2019. PMID: 32 Spartalis E, Thanassa A, Athanasiadis DI, Schizas D, Athanasiou
31018946. DOI: 10.21873/cgp.20121 A, Zografos GN, Tsourouflis G, Dimitroulis D and Nikiteas N:
28 Aynehchi BB and Har-El G: Deep neck infections. In: Bailey's Post-thyroidectomy hypocalcemia in patients with history of
Head and Neck Surgery-Otolaryngology. 5th ed. Johnson JT, bariatric operations: Current evidence and management options.
Rosen CA (eds.). Philadelphia, Lippincott Williams and Wilkins, In Vivo 33(4): 1373-1379, 2019. PMID: 31280233. DOI:
pp 794-813, 2013. 10.21873/invivo.11614

29 Ly CL, Kataru RP and Mehrara BJ: Inflammatory manifestations
of lymphedema. Int J Mol Sci 18(1): 171, 2017. PMID:
28106728. DOI: 10.3390/ijms18010171

30 Penttinen H, Rautalin M, Roine R, Jahkola T, Kellokumpu-
Lehtinen PL, Huovinen R, Kautiainen H, Jidrvenpdd S,

Hakamies-Blomqvist L, Blomqvist C and Saarto T: Quality of ReC?ived February 3, 2020
life of recently treated patients with breast cancer. Anticancer Revised February 28, 2020
Res 34(3): 1201-1206, 2014. PMID: 24596360. Accepted March 4, 2020

1140



