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OBSERVATIONAL STUDY

T-Helper Type 9 Cells Play a Central Role in the Pathogenesis
of Respiratory Epithelial Adenomatoid Hamartoma

Zhao Wei Gu, MD, Yun Xiu Wang, MD, and Zhi Wei Cao, PhD

Abstract: The etiology and pathogenesis of respiratory epithelial
adenomatoid hamartoma (REAH) remain poorly understood, although
some reports have suggested that REAH features an inflammatory
process. T-helper type 9 (Th9) cells are a newly identified subset of
CD4™ T-helper cells characterized by the expression of high levels of
interleukin (IL)-9, which may promote inflammation. As REAH may
involve an inflammatory process, we evaluated whether IL-9 and/or Th9
cells were present in REAH and compared the levels thereof to those of
normal nasal mucosa. Eleven patients with REAH and 5 exhibiting
cerebrospinal fluid leakage were included in the study. Flow cytometry
was used to measure Th9 cell numbers, a cytometric bead assay was
applied to measure IL-9 levels, and real-time polymerase chain reaction
was used to quantify the levels of mRNA encoding IL-9. Th9 cells, /L-9
mRNA, and IL-9 were detected in all REAH and control samples. The
proportion of Th9 cells in the patients with REAH was significantly
greater than that in the controls. The expression levels of IL-9-encoding
mRNA and IL-9 protein were significantly higher in the patients with
REAH than in the controls. The Th9 cell subset was expanded, the
synthesis of IL-9-encoding mRNA was upregulated, and IL-9 secretion
was increased in REAH tissue, suggesting that Th9 cells play a central
role in the pathogenesis of the disease.
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Abbreviations: CBA = Cytometric Bead Array, FACS =
fluorescence-activated cell sorter, FITC = fluorescein isothiocyanate,
GAPDH = glyceraldehyde-3-phosphate dehydrogenase, IL =
interleukin, OC = olfactory cleft, PCR = polymerase chain reaction,
PE = phycoerythrin, REAH = respiratory epithelial adenomatoid
hamartoma, SNP = sinonasal polyposis, Th9 = T-helper type 9.
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INTRODUCTION

R espiratory epithelial adenomatoid hamartoma (REAH) is an

uncommon lesion first described by Wenig and Heffner in
1995 and defined as a tumor originating from the surface
epithelium, with glandular elements proliferating from this
epithelium (and therefore not from seromucous glands).' To
date, about 100 incidences have been reported, most as case
reports.>> REAH usually develops in the olfactory cleft (OC).*~
6 Before 2006, no case of this uncommon lesion originating in
the OC had been described, but since then many articles
focusing on REAH of the OC have appeared.” Radiologically,
REAH in the OC is characterized by soft tissue masses on one or
both sides of the OC, and some reports have described signifi-
cant increases in the width of the OC in such cases.” The current
high REAH detection rate is explained by the fact that the OC is
now systematically checked on sinonasal computed tomogra-
phy (CT) scans and during endoscopic surgery; surgical speci-
mens removed from the OC are subjected to pathological
processing, and many experienced pathologists now have excel-
lent knowledge of the histological features of this tumor.’

The etiology and pathogenesis of REAH remain unclear,
although some reports suggest that it features an inflammatory
process as the tumor may be complicated by rhinosinusitis and
inflammatory polyposis.'*? Ozolek and Hunt'® found a high-
level loss of heterozygosity of loci located on chromosomes 9p
and 18q, and an intermediate fractional allelic loss of 31%, in
REAH lesions. The cited authors concluded that REAH might
thus be a benign neoplasm rather than a hamartoma.'®

More recently, a novel independent Th-cell subset, charac-
terized by the expression of high levels of interleukin (IL)-9, has
been recognized—the T-helper type 9 (Th9) subset.'' '3 IL-9
affects both inflammatory and normal tissue cells, increasing
the numbers of lymphocytes, eosinophils, and mast cells;
stimulating IgE secretion; enhancing the responses of mast
cells to allergens; promoting mucin expression; and stimulating
cytokine secretion by inflammatory cells.'*™'” Th9 cells have
been reIported to be involved in various forms of inflam-
mation,'® but they have not been sought in REAH. As REAH
may involve an inflammatory process, we speculated that IL-9
or Th9 cells might play a role in the condition.

The principal objective of the present study was to deter-
mine whether IL-9 or Th9 cells were present in REAH of the OC
and to compare the levels of IL-9 and Th9 cells between REAH
tissue and normal nasal mucosa.

MATERIALS AND METHODS

This study was approved by the Shengjing Hospital Institu-
tional Review Board affiliated with China Medical University,
and all patients gave signed informed consent.

For 1520 sinus surgeries performed between July 2013 and
January 2014, all patients’ data were thoroughly checked for the
presence of REAH. The symptoms were nonspecific, and all
patients underwent sinus CT preoperatively. Such imaging
occasionally revealed soft tissue masses at one or both sides
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of the OC, raising suspicion of REAH in 16 patients. One patient
of allergic rhinitis and one of asthma were excluded. At surgery,
masses that were obviously edematous, with a mucosa of
indurate texture located in the OC, were sampled and sent
for pathological examination. Three patients of nasal polyps
were excluded. Control tissues were obtained from the uncinate
or ethmoid sinuses of 5 patients exhibiting cerebrospinal fluid
leakage but lacking any evidence of sinus disease. No patient
took steroids, nonsteroidal antiinflammatory drugs, antihista-
mines, or macrolide antibiotics for 4 weeks before biopsy. Each
tissue sample was divided into 2 parts, 1 of which weighed
30 mg; this aliquot was added to 500 pL of saline to form a
single-cell suspension. After centrifugation, the supernatant was
stored at —80°C for the measurement of cytokine levels. The
Th9 cell number in each precipitate was determined. The other
part was immediately frozen in liquid nitrogen and stored at
—80°C for RNA extraction.

RNA Extraction/Reverse Transcription and Real-
Time Polymerase Chain Reaction (PCR)

Total RNA was extracted using TRIzol reagent (Invitrogen,
Shanghai, China) and 0.5 g of the total RNA was reverse-
transcribed to complementary DNA using a PrimeScript RT kit
(Takara, Dalian, China), according to the manufacturer’s pro-
tocol. Real-time PCR was performed with the aid of an ABI
7500 Real-time PCR System (Applied Biosystems, Foster City,
CA) using SYBR Premix Ex Taq (Takara).

The gene encoding glyceraldehyde-3-phosphate dehydro-
genase (GAPDH; a housekeeping gene) served as a control; /L-9
was the target gene. The primer sequences used were: forward
primer 5'-gaaggtgaaggtcggagtc-3’ and reverse primer 5'-gaa-
gatggtgatgggatttc-3’ for GAPDH; and forward primer 5'-
ccatggtccttacctetgee-3' and reverse primer 5'-agctggatcttectg-
catctt-3' for IL-9.

mRNA levels were measured using the cycle threshold
(Z_AACT) method and normalized to those of GAPDH. A no-
template sample served as a negative control.

Flow Cytometric Analysis of Th9 Cell Numbers

Cells were stimulated with 50 ng/mL phorbol myristate
acetate (Sigma—Aldrich, St. Louis, MO), 1 pg/mL ionomycin
(Sigma—Aldrich), and 10 pg/mL GolgiStop (BD Biosciences,
San Jose, CA) at 37°C under 5% (v/v) CO, for 6 h then stained
with fluorescein isothiocyanate-labeled anti-CD4 antibodies
(BD Biosciences) and fixed and permeabilized using fix/perm
solution (eBioscience, San Diego, CA) according to the man-
ufacturer’s instructions. The cells were then incubated with
phycoerythrin (PE)-labeled anti-IL-9 antibodies (BD Bios-
ciences) and analyzed on a BD Canto II flow cytometer (BD
Biosciences); these data were evaluated using FlowJo software
7.6 (TreeStar Inc., San Carlos, CA).

Measurement of the IL-9 Concentration

The level of IL-9 in each supernatant was measured using a
Cytometric Bead Array (CBA) Flex Set (BD Biosciences)
according to the manufacturer’s instructions. Briefly, 6 capture
bead populations with distinct fluorescence intensities and
coated with cytokine-specific capture antibodies were mixed
together in equal volumes: 50 L of each sample and 50 p.L of
PE-conjugated detection antibodies were added to 50 pL of the
mixed-bead populations. Each mixture was incubated for 3 h at
room temperature in the dark to form sandwich complexes.
Then, the beads were washed with wash buffer, and data
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acquired with a BD Canto II flow cytometer (BD Biosciences).
FACSDiva and BD CBA Software 4.2 (BD Biosciences) were
used for the analyses. The limit of detection was 3.1 pg/mL;
zero values were assigned when levels were under this limit.

Statistical Analysis

A statistical analysis was performed using SPSS software
ver. 13.0 (SPSS Inc., Chicago, IL). All data are expressed as
means £ SEM. The significance levels of between-group differ-
ences were determined using the Mann—Whitney U test for
nonparametric data. A difference was considered statistically
significant at P < 0.05.

RESULTS

Eleven patients of REAH were diagnosed by the pathol-
ogist. Histopathological examinations revealed that the lesions
were covered with a ciliated columnar epithelium and that the
subepithelial glands had proliferated. The glands were lined by
a ciliated respiratory epithelium, and were round or oval in
shape, of various sizes, being separated by stromal tissue
(Figure 1).

FIGURE 1. Pathological examination of controls and patients with
REAH. (A-C) The pseudostratified ciliated columnar epithelium,
serous glands, and mucous glands of the controls. (D-F) In
patients with REAH, proliferated glands of various sizes were
separated by stromal tissue and lined with a ciliated respiratory
epithelium (black arrow). REAH, respiratory epithelial adenoma-
toid hamartoma (hematoxylin—eosin stain, x10).
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FIGURE 2. Analysis of IL-9 mRNA levels, the proportions of Th9 cells, and IL-9 concentrations in controls and patients with REAH. (A) The
IL-9 mRNA levels in control patients and patients with REAH as measured via real-time PCR. (B and C) The proportions of Th9 cells in
control patients and patients with REAH as measured using flow cytometry; the numbers in the upper right quadrant are the percentages
of IL-97 cells among CD4" cells in gated populations of CD4" T-cells. (D) IL-9 concentrations in controls and patients with REAH as
measured using a CBA. FITC=fluorescein isothiocyanate, IL=interleukin, PCR=polymerase chain reaction, PE=phycoerythrin,
REAH = respiratory epithelial adenomatoid hamartoma, Th9 =T-helper type 9. “**P<0.001.

IL-9 mRNA Expression

Real-time PCR was used to determine the /L-9 mRNA
expression levels in patients with REAH and controls. /L-9
mRNA was detected in all samples. According to the Mann—
Whitney U test, the expression level of IL-9 mRNA was
significantly higher in the patients (2.86 4-0.45 pg/mL) than
in the controls (1.05£0.35 wg/mL; P <0.001; Figure 2A).

Th9 Cell Proportions

Representative scans showing Th9 cell proportions
(CD4"IL-9"/CD4" T-cells) are shown in Figure 2B. Patients
with REAH had significantly higher Th9 cell proportions
(1.68 £0.29%) than did the controls (0.74+£0.08%;
P <0.001; Figure 2C).

IL-9 Concentrations

In agreement with the flow cytometric data on the Th9 cell
proportions and real-time PCR analysis of /L-9 mRNA levels,
IL-9 was also wupregulated in patients with REAH
(13.30 £ 1.59 pg/mL) compared with controls (5.20 £ 0.82 pg/
mL; P <0.001; Figure 2D).

DISCUSSION

REAH, a rare type of hamartoma of the nasal cavity,
paranasal sinuses, and nasopharynx, can present as either an
isolated lesion (REAHi) or in association with an adjacent
inflammatory  process such as sinonasal polyposis
(REAHsnp)."” REAHsnp is difficult to distinguish from nasal
polyps alone, and REAHi can mimic several other polypoid
masses. In our study, all patients had REAHsnp.

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

REAH, which has been considered rare, is in fact under-
diagnosed. First, it has particular gross characteristics, including
a mucosa that is more indurate in texture than that of polyps and
a broader basement, but these differences may be ignored in a
clinical setting. REAH commonly co-occurs with polyps, and,
during surgery, polyp rather than REAH tissue is usually
sampled for pathological examination. The diagnosis is thus
usually nasal polyps, not REAH. Second, REAH is generally
rare in practice, rendering clinicians and pathologists unable to
readily identify the condition.?”

REAH can be diagnosed via a systematic checkup of the
OC on a sinonasal CT and during endoscopic surgery, and via
careful analysis of surgical specimens removed from the OC for
pathological processing.’ As REAH comes to be more recog-
nized, larger patient series will accumulate, allowing the etiol-
ogy and pathogenesis of the disease to be better understood.

The etiologies of hamartomas remain unknown, although
several hypotheses have been proposed. One theory suggests
that REAH is a benign neoplasm rather than a hamartoma
because of the mean fractional allelic loss of 31%,'° while
another suggests that it may feature an inflammatory process
because it may be complicated by rhinosinusitis and inflam-
matory polyposis.'*°

In our previous small series,”® we found that all 3 patients
were associated with nasal polyposis; moreover, 1 patient was
associated with fungal sinusitis. Although no direct relationship
between fungal sinusitis and REAH is known, the inflammation
was serious. In 1 patient, lesions were located bilaterally in the
OC and featured obvious edema of the mucosa, which was
indurate in texture. The lesions did not appear to be typical
polypoid changes, suggesting that inflammation triggered
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REAH. Of all of our 11 patients, REAH was associated with
nasal polyposis, supporting the idea that it may develop secon-
darily to an inflammatory process.

More recently, a novel independent Th-cell subset, charac-
terized by the expression of high levels of IL-9, has been
recognized—the <“Th9”* subset.' ~'* Th9 cells are involved
in various forms of inflammation.'® As REAH may involve an
inflammatory process, we explored whether REAH tissue con-
tains Th9 cells. We found, for the first time, that REAH tissue
contained Th9 cells and that the Th9 cell proportions were
significantly elevated in patients with REAH compared with
controls, indicating that such cells may be involved in
its pathogenesis.

The IL-9 gene maps to the long arm of chromosome 5
(5q31-35), which also contains genes encoding IL-4, IL-5, and
IL-13.2" In allergic asthma, polymorphisms in this region are
significantly associated with the development of atopy, bron-
chial hyperresponsiveness, and elevated total IgE levels.> 2*

Recent studies have shown that IL-9 promotes inflam-
mation principally by recruiting macrophages, mast cells, and
eosinophils. IL-9 is a mast cell growth-enhancing factor.?” IL-9
also stimulates mast cell differentiation; mast cells express
specific receptors for 1L-9.2%?7 Moreover, IL-9 expression
levels correlate with the extent of mast cell infiltration of nasal
tissues.”® Activated mast cells may represent an alternative
source of IL-9, apart from T-cells.

No study has explored IL-9 expression in REAH, but it is
associated with the recruitment of large numbers of tryptase-
producing mast cells, with no significant difference evident
between REAHi and REAHsnp, suggesting that mast cells play
an important role in development of this lesion.*

In line with the enhanced Th9 cell numbers, /L-9 mRNA
and IL-9 protein levels were significantly higher in REAH
tissues. IL-9 enhances mast cell growth; recruitment of large
numbers of mast cells in REAH is thus not surprising.

Some studies suggest that IL-9 promotes the recruitment of
inflammatory cells to the mucosa of glands, causing inflam-
matory or epithelial cells to release various immunoglobulins, '’
in turn increasing the local inflammatory state long-term.
Larger lesions trigger obvious clinical symptoms.

We found that Th9 cells and IL-9 were involved in the
pathogenesis of REAH, further confirming that the inflamma-
tory response may play a central role in its development, thus
negating the theory that REAH is a benign neoplasm.

While Picciotti et al*® proposed that REAH induces
inflammation, Th9 cells are not the only source of IL-9, and
other cells have been reported to produce small amounts of IL-9
with stimulation or under special circumstances,®' including
natural killer T-cells and type 2 innate lymphoid cells. Further
work is needed to determine the amounts of IL-9 that these cell
types produce, if it indeed plays a role in REAH. In addition,
REAHi requires further research. Does the inflammation dis-
appear after REAH formation, and is its development thus
independent of inflammation? The levels of Th9 cells
and IL-9 in REAHi require assessment. The results will
play a crucial role in further elucidating the pathogenesis
of REAH.

CONCLUSIONS
The Th9 cell subset was expanded, synthesis of IL-9-
encoding mRNA upregulated, and IL-9 secretion was increased
in REAH, suggesting that Th9 cells play a central role in
its pathogenesis.
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