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Abstract
Hyalinizing clear cell carcinoma of the bronchial glands is a very rare tumor. Since only five reports describing six tumors
have been published to date, only a little is known about specific histologic findings and clinical features. Because of its
rarity, hyalinizing clear cell carcinoma has not been described in the latest WHO classification of pulmonary tumors yet.
Here we present three cases of bronchial hyalinizing clear cell carcinomas, confirmed by both fluorescence in situ
hybridization (FISH) and RT-PCR, focusing on histologic and immunohistochemical characteristics in a comparison with
three cases of salivary gland origin. In addition, we compared immunohistochemical features with bronchial
mucoepidermoid carcinoma, a lesion that needs to be taken into account in differential diagnosis of hyalinizing clear cell
carcinoma. All our bronchial hyalinizing clear cell carcinoma cases were surgically resected. Histologically, tumor cells
showed clear to eosinophilic cytoplasm with hyalinizing stroma in various proportions, resembling those of salivary gland
origin. Immunohistochemically, tumor cells were positive for CK7, CK5/6, p40, p63, and ATF1, while they were negative
for TTF1, Napsin A, HMB45, and SOX10. The CK5/6 staining pattern varied in mucoepidermoid carcinomas, while that of
hyalinizing clear cell carcinoma was uniformly positive. FISH revealed EWSR1-ATF1 fusion, and RT-PCR with sequencing
confirmed specificity of the chimeric gene for hyalinizing clear cell carcinoma. Clinically, bronchial hyalinizing clear cell
carcinoma was characterized by occurrence in the fourth to sixth decades, no link with smoking history, and a predilection
for the right lung, in line with previous reports. In summary, our study confirmed that the bronchial hyalinizing clear cell
carcinoma is a histologically and genetically identical tumor to that of salivary gland origin, and that gene rearrangement
analysis can play a critical role in distinction from mucoepidermoid carcinoma.

Introduction

Salivary gland-type neoplasms of the bronchus constitute a
rare primary lung tumor entity [1]. There are several types
of tumors known to arise in the bronchus: mucoepidermoid
carcinoma, adenoid cystic carcinoma, epithelial-
myoepithelial carcinoma, and pleomorphic adenoma [2–
5]. All of these four tumors are described in the WHO
classification [6]. Some of these tumors are also common in
salivary glands, so that their sites of origin in the bronchus
have been supposed to be the bronchial submucosal glands
[7]. Hyalinizing clear cell carcinoma of the salivary gland is
a rare tumor, first reported in 1994 [8]. It most commonly
arises in the head and neck region, including the parotid
gland, nasal cavity, and pharynx [9–12]. Hyalinizing clear
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cell carcinoma of the bronchial gland is extremely rare, with
only five reports published hitherto [13–17]. In our hospital,
only three bronchial hyalinizing clear cell carcinoma cases
were found in all pulmonary malignancies from 2001 to
2016. For this reason, little is known about its specific
histologic appearance and similarities to salivary gland
counterparts. In addition, since the salivary hyalinizing clear
cell carcinoma can metastasize to regional lymph nodes or
distant sites [18, 19], it is necessary to elucidate clinical
characteristics of bronchial hyalinizing clear cell carcinoma
and its metastatic potential.

Several researchers have been reported EWSR1 gene
rearrangement detected by fluorescence in situ hybridization
(FISH) in both salivary and bronchial hyalinizing clear cell
carcinomas [13–16, 20]. Antonescu et al. [20] further
demonstrated two cases of salivary hyalinizing clear cell
carcinoma harboring EWSR1-ATF1 chimeric genes detected
by reverse transcription-polymerase chain reaction (RT-
PCR). Only two cases of bronchial hyalinizing clear cell
carcinoma harboring such a fusion gene has been reported
[14, 17]. Because of its rarity and histologic similarity, it is
difficult to distinguish hyalinizing clear cell carcinoma from
other salivary gland-type tumors, such as mucoepidermoid
carcinoma. Therefore, detection of a specific chimeric gene
is critical for correct diagnosis. In addition, RT-PCR gen-
erally requires fresh samples to extract nucleic acid in order
to confirm the presence of a fusion gene, so that a more
convenient method such as a fusion assay for FISH is
needed.

In this study, we present three bronchial hyalinizing clear
cell carcinoma cases, focusing on their histologic features
compared with hyalinizing clear cell carcinomas of salivary
gland origin. In addition, we compared immunohisto-
chemical features with bronchial mucoepidermoid carci-
noma, a lesion requiring differential diagnosis from
hyalinizing clear cell carcinoma. We also performed fusion
FISH analysis using probes both EWSR1 and ATF1 on
formalin-fixed paraffin-embedded sections, and additionally
confirmed the fusion for all three cases with RT-PCR and
Sanger sequencing.

Materials and Methods

Patients

Bronchial cases

Case B1: a 52-year-old Japanese woman underwent right
middle-lower lobectomy for a solid mass located in the
segmental bronchus.

Case B2: a 35-year-old Japanese woman, who had a
smoking habit, complained of persistent coughing with

fever. Chest X-rays revealed complete atelectasis of the
right lower lung, and a mass protruding into the lumen of
intermedius bronchus was observed on bronchoscopy.
Right middle-lower lobectomy with regional lymph node
dissection was performed.

Case B3: In a 56-year-old Japanese woman, an abnormal
shadow was pointed out on the chest X-ray, and she
underwent right middle-lower lobectomy with regional
lymph node dissection for a solid mass located in the sec-
ondary bronchus. An abnormal appearance on chest com-
puted tomography had been pointed out 7 years before
surgery.

None of the patients had any history of salivary gland
tumors, and all are currently alive without local recurrence
or metastasis. The frequency of this tumor is 0.09% (3/
3337) among primary lung tumors resected during
2000–2016 in the Cancer Institute Hospital, Tokyo (n=
3337). Further details of these cases are listed in Table 1a.

Salivary gland cases

Case S1: a 44-year-old Japanese woman, who had a
smoking habit, underwent subtotal tongue root resection for
a solid mass located in the anterior mesopharynx after
chemoradiation therapy.

Case S2: an 80-year-old Japanese woman underwent
total glosso-laryngectomy for a solid mass located in the
anterior mesopharynx. Twelve months after resection,
multiple lung metastases were identified.

Case S3: a 64-year-old Japanese man, who had a
smoking habit, underwent buccal resection for a solid mass
located in the buccal mucosa.

The patients of cases S1 and S3 are alive without local
recurrence or metastasis. A summary of details is given in
Table 1b.

In addition, we examined seven bronchial mucoepi-
dermoid carcinoma cases diagnosed and treated in our
hospital, for comparison of histologic and immunohisto-
chemial features.

Sample preparation and histologic assessment

Serial 5-mm-thick tissue slices were cut from resected
specimens fixed with 20% buffered formalin, embedded in
paraffin, and 4-μm-thick sections were stained with hema-
toxylin and eosin. In case S1, the specimens were dec-
alcified before paraffin embedding. All cases were initially
diagnosed by two pathologists, and reviewed by another
pathologist, a specialist in oral pathology. Each whole
section of bronchial and salivary hyalinizing clear cell
carcinoma cases was assessed for proportions of char-
acteristic components graded into − (none), −/+ (spot), +
(focal), ++ (substantial), and +++ (prominent). Histologic
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scoring for bronchial hyalinizing clear cell carcinoma and
mucoepidermoid carcinoma was accomplished based on the
salivary mucoepidermoid carcinoma grading system [21].

Immunohistochemistry

Immunostaining was performed for all bronchial and sali-
vary hyalinizing clear cell carcinoma cases. Paraffin-
embedded 4-μm-thick sections were stained with follow-
ing antigens: CK7, CK5/6, Np63 (p40), p63, TTF1, Napsin
A, S-100, HMB45, Melan A, SOX10, ATF1, and Ki-67.
Primary antibodies used are listed in Supplementary table.
All staining was performed using an auto-stainer, Leica
Bond-III (Leica Biosystems, Melbourne Pty Ltd., Aus-
tralia). Only nuclear staining was considered positive for
p40, p63, TTF1, SOX10, ATF1, and Ki-67.

Bronchial mucoepidermoid carcinomas were stained for
CK7, CK5/6, p40, p63, TTF1, Napsin A, SOX10, and
ATF1. We compared hyalinizing clear cell carcinoma and
mucoepidermoid carcinoma by the five-graded scoring
system depending on approximate proportions of positive
cells according to the previous report [22], with definitions
as follows: score 0 (0%), score 1 (1–25%), score 2
(26–50%), score 3 (51–75%), and score 4 (76–100%).
Average scores of hyalinizing clear cell carcinoma and
mucoepidermoid carcinoma were calculated, and compared
by the unpaired Student’s t test. The diagnosis of mucoe-
pidermoid carcinoma was confirmed by MAML2 gene
rearrangement analysis using RT-PCR or FISH (data not
shown).

FISH analysis

FISH assays for EWSR1-ATF1 gene fusion were performed
on formalin-fixed paraffin-embedded sections in all three
bronchial hyalinizing clear cell carcinoma cases. Unstained
sections (4-μm-thick) were subjected to hybridization with
the EWSR1 break-apart probe kit (Vysis LSI EWSR1 dual-
color, break-apart rearrangement probe; Abbott Molecular)
with bacterial artificial chromosome clone-derived probes
for ATF1 (CTD-2174I21). We performed the EWSR1 split
assay using the same probes also for all three salivary
hyalinizing clear cell carcinoma cases.

RT-PCR and Sanger sequencing

Fresh frozen samples from each tumor were used to extract
total RNA. In addition, normal lung tissue of case B2 was
used as a control. According to previous reports, we used a
primer set to detect a EWSR1-ATF1 fusion gene harboring a
specific break point in the hyalinizing clear cell carcinoma
as follows: 5′-TCTAGGCCCACCTGTAGATCC (forward)
and 5′-GTGAGGAGCCTATGCTGTCG (reverse), the

Fig. 1 Gross and histologic findings of bronchial hyalinizing clear cell
carcinomas. The cut surfaces show well-demarcated lesions, creamy whitish
(a, c), or whitish (e) in color. Tumor protrusion into the bronchi (b, d, arrow
heads) is evident, with invasion of a peribronchial lymph node (f, arrow
heads). Note the trabecular pattern (g), nest formation (k), and mixed fea-
tures (i), with prominent hyalinized collagen. Predominant eosinophilic cells
(h), clear cells (l), and their mixture (j) are evident in various proportions.
(Hematoxylin and eosin staining. Scale bars are 10mm in (a, c), and (e), 5
mm in (b, d), and (f), 100 µm in (g, i), and (k), and 50 µm in (h, j, and l).)
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product size of which was 185 bp [14, 20]. To check the
sample RNA quality, a housekeeping gene ACTB was
amplified using 5′-AGAAAATCTGGCACCACACC (for-
ward) and 5′-AGAGGCGTACAGGGATAGCA (reverse)
as primers. We performed Sanger sequencing to confirm the
specificity of amplified products.

Results

Gross and microscopic findings

Grossly, the tumors were located adjacent to the bronchi or
protruded into the bronchial lumen, with whitish cut sur-
faces and relatively well-demarcated borders (Fig. 1a, c, e).
In case B3, the tumor directly invaded a peribronchial

lymph node (Fig. 1e). Mucous impaction was observed in
bronchi distal from the tumors in cases B2 and B3, possibly
due to obstruction (Fig. 1c, e).

Tumor cells had round to oval nuclei with inconspicuous
nucleoli, and demonstrated clear to eosinophilic cytoplasm
(Fig. 1h, j, l). The nuclear-cytoplasmic ratio was lower in
clear than in eosinophilic cells (Fig. 1h, j, l). The propor-
tions of cells with clear or eosinophilic cytoplasm differed
among the cases (Table 2), and gradual transition was evi-
dent (Fig. 1i). Tumor cells grew with a prominent trabecular
pattern in case B1 (Fig. 1g), whereas case B3 showed
predominant nest formation (Fig. 1k). Occasional gland
formation was identified in all cases, this being most fre-
quent in case B1 (Fig. 1h). Although focal mucin produc-
tion was identified in most of the cases, no mucin-rich cells
were observed, which in contrast were almost always seen

Table 2 Histologic comparison of the bronchial and salivary hyalinizing clear cell carcinomas

Case Clear
cytoplasm

Eosinophilic
cytoplasm

Mucin
production

Mucin-
rich
cells

Glandular
formation

Trabecular
structure

Nest
structure

Keratinization Hyalinizing
stroma

Lymphoid
cuff
formation

B1 + +++ + − + +++ + − ++ +

B2 ++ ++ + − + ++ ++ − +++ +

B3 +++ + +/− − +/− + +++ − ++ +

S1 + +++ +/− − +/− ++ ++ − + +/−

S2 +++ + +/− − +/− + +++ − ++ +/−

S3 +++ + +/− − +/− + +++ − ++ +

Fig. 2 Histologic appearance of
bronchial mucoepidermoid
carcinomas. a A clear cell
component (right) and an
eosinophilic intermediate cell
component (left) are gradually
transitioning into each other. b
Prominent mucin-rich cells
(right) and intermediate cells
(left). c A clear cell component
with hyalinized collagen bundles
(bottom). d Clear to eosinophilic
components with occasional
gland formation (arrow heads).
(Hematoxylin and eosin
staining. Scale bars are 50 µm.)

Hyalinizing clear cell carcinoma of the bronchial glands 927



in mucoepidermoid carcinoma (Fig. 2a, b, d). Characteristic
hyalinized acellular collagen bundles were easily recog-
nized within all hyalinizing clear cell carcinomas (Fig. 1g, i,
k), and also within mucoepidermoid carcinomas (Fig. 2c).
Similarly, salivary hyalinizing clear cell carcinoma showed
various histologic appearances, but with the same char-
acteristic features as their bronchial counterparts (Fig. 3,
Table 2). Mucin production and glandular formation were
slightly less frequent in salivary hyalinizing clear cell car-
cinoma (Table 2). In case S1, the patient underwent che-
moradiation therapy before resection, but there was no
obvious granuloma or scar formation (Fig. 3b, g, h). Both
bronchial and salivary hyalinizing clear cell carcinoma
lacked keratinization (Figs. 1 and 3). Histologic details are
summarized in Table 2.

Histologic scoring revealed one of the hyalinizing clear
cell carcinoma cases to be an intermediate-grade tumor,
while the other hyalinizing clear cell carcinoma and
mucoepidermoid carcinoma cases were low grade
(Table 3a). Neural invasion was more frequent in hyali-
nizing clear cell carcinoma than with mucoepidermoid
carcinoma (Table 3a).

Immunohistochemical findings

Tumor cells were positive for CK7, CK 5/6, p40, and p63,
indicating characteristics of basal cells or squamous cells
(Fig. 4a, b, d, e). In contrast, TTF1, Napsin A, HMB45, and
Melan A were uniformly negative in all cases. Tumor cells
were negative for S-100. However, some intermingled cells
were positive for S-100 (Fig. 4c) as well as for CD1a
(Fig. 4f), implying a Langerhans cell nature. Ki-67 labeling
was ranged from 3 to 10%, indicating low proliferative
activity (Fig. 4i). Whereas the tumor cells were positive for
ATF1, non-tumor cells including lymphocytes, acinar cells
of bronchial glands, and ciliated bronchial epithelia were
also positive (Fig. 4g). Immunohistochemical scoring for
hyalinizing clear cell carcinoma and mucoepidermoid car-
cinoma revealed that CK5/6 positivity was significantly
higher in the hyalinizing clear cell carcinoma than in the
mucoepidermoid carcinoma (Table 3b). SOX10, a marker
of acinar differentiation of bronchial glands, was con-
sistently negative in both hyalinizing clear cell carcinoma
and mucoepidermoid carcinoma (Table 3b), suggesting that
these tumors are not of acinar cell origin. There were no
differences in ATF1 positivity between hyalinizing clear
cell carcinoma and mucoepidermoid carcinoma (Table 3b).

FISH analyses

In all bronchial hyalinizing clear cell carcinoma cases, 5′-
EWSR1 (red signals) and 3′-EWSR1 (green signals) showed
split signals in >50% of cells (Fig. 5a, left column).

Furthermore, one of the 3′-ATF1 (blue signals, Fig. 5a,
middle column) was fused to 5′-EWSR1, resulting in a
purple to pink signal (Fig. 5a, right column). This fusion
assay clearly demonstrated that two specific genes are

Fig. 3 Gross and histologic findings of salivary hyalinizing clear cell
carcinomas. The lesions are well-demarcated, creamy whitish a, e or
whitish c color and are located immediately beneath the mucosa,
adjacent to salivary glands b, d, f. Note trabecular patterns g and nest
formation i, k with hyalinized collagen. Predominant eosinophilic cells
h, j and clear cells l are seen in various proportions. (Hematoxylin and
eosin staining. Scale bars are 10 mm in a, c, and e, 5 mm in b, d, and f,
100 µm in g, i, and k, and 50 µm in h, j, and l.)
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involved in hyalinizing clear cell carcinoma, and provide
definite and convincing evidence for differential diagnosis.
All three salivary hyalinizing clear cell carcinoma cases
were also positive for EWSR1 split signals (data not
shown).

RT-PCR and Sanger sequencing

RT-PCR revealed EWSR1-ATF1 fusion transcripts in all
the three bronchial hyalinizing clear cell carcinomas,
whereas no transcript was identified in normal lung tissue
(Fig. 5b). All samples including normal tissue showed
ACTB transcripts, providing assurance of quality (Fig. 5b).
The results of Sanger sequencing confirmed the presence
of EWSR1-ATF1 gene, and their fusion points (EWSR1-
exon 11 and ATF1-exon 3) were completely identical
(Fig. 5c). Moreover, these fusion points are identical to
those previously reported for bronchial and salivary hya-
linizing clear cell carcinomas [14, 20]. Taken these find-
ings together, the three bronchial tumors were definitely
confirmed as hyalinizing clear cell carcinomas.

Discussion

Hyalinizing clear cell carcinoma of the bronchial glands is
very rare, <0.1% at our hospital, but there are several
distinctive features such as a clear cell components, hya-
linizing stroma, and low-grade cytological atypia. How-
ever, since their appearance varies from case to case, they
have been classified simply as clear cell carcinoma, not
otherwise specified [23]. The chimeric gene, EWSR1-
ATF1, already known to characterize clear cell sarcoma of
soft tissue [24], was identified also in salivary gland hya-
linizing clear cell carcinoma [20]. More recently, addi-
tional two cases of hyalinizing clear cell carcinoma of
bronchial gland origin were reported, harboring an iden-
tical gene rearrangement [14, 17]. Here, we successfully
identified the chimeric gene in all of our cases, implying
that the diagnosis of hyalinizing clear cell carcinoma is
definite. Although we believe that the final diagnosis of
hyalinizing clear cell carcinoma should be made by con-
firming gene fusion, conventional diagnostic approaches
such as immunohistochemistry can be improved and we
will point to this tumor without FISH or RT-PCR analyses.

The most characteristic feature of hyalinizing clear cell
carcinoma is the clear cell component with hyalinizing
stroma, but our results showed that the proportions of these
components varied among the cases. Differential diagnosis
of bronchial hyalinizing clear cell carcinoma on histolo-
gical criteria must rule out mucoepidermoid carcinoma,
squamous cell carcinoma, adenocarcinoma, and metastatic
clear cell renal cell carcinoma. Hyalinizing clear cellTa
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carcinoma partially shares histologic features with these,
and distinction from mucoepidermoid carcinoma is parti-
cularly challenging. Bronchial mucoepidermoid carcinoma
also shows a variety of histologic features, including clear
cells, intermediate cells, mucin-rich cells, and hyalinizing
stroma. In Fig. 2a, clear cells and eosinophilic intermediate
cells are seen to be in gradual transition into each other,
resembling bronchial hyalinizing clear cell carcinoma.
Similarly, hyalinizing collagen bundles and occasional
gland formation are shared in common with hyalinizing
clear cell carcinoma. Importantly, mucin-rich cells of
bronchial mucoepidermoid carcinoma are never seen in the
bronchial and salivary hyalinizing clear cell carcinoma.
Therefore, the presence of mucin-rich cells indicates a
diagnosis of mucoepidermoid carcinoma.

Squamous cell carcinoma of lung is another important
differential diagnosis, particularly in the case with promi-
nent clear cell feature. Squamous cell carcinoma typically
lacks mucin production and sometimes shows

keratinization, which may be helpful for discriminating
hyalinizing clear cell carcinoma from squamous cell carci-
noma. However, it will be insufficient to rely only on these
features on limited samples such as biopsy specimens.
Following features may be further helpful to discriminate
hyalinizing clear cell carcinoma from squamous cell carci-
noma; nuclei are round and less atypical with inconspicuous
nucleoli, and tumor cells form smaller nests or trabeculae
without peripheral nuclear palisading. To avoid mis-
interpretation, it is important to evaluate whole sections for
specific characteristics of these tumors.

Immunohistochemical analysis can provide useful find-
ings especially when material is limited as with biopsy
specimens. For example, with some lung adenocarcinomas
featuring clear cells, TTF-1 and/or Napsin A positivity may
be helpful to distinguish these tumors from hyalinizing clear
cell carcinomas. Since all hyalinizing clear cell carcinoma
cases were positive for p63 and CK5/6, metastatic clear cell
renal cell carcinoma can be ruled out since it is consistently

Fig. 4 Representative immunostaining results for a bronchial hyali-
nizing clear cell carcinomas (case B2). Tumor cells express CK7 a,
CK 5/6 b, p40 d, and p63 e, but negative for S100 c. However,
intermingled stellate cells are positive for S100 c, and also for CD1a f.

Tumor cells express ATF1, but non-tumor cells such as lymphocytes
are positive as well g. Tumor cells are uniformly negative for HMB45
h. The Ki-67 labeling index is low, at around 5% i
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negative for these markers [25, 26]. On the other hand,
CK5/6 staining is not useful to discriminate hyalinizing
clear cell carcinoma from squamous cell carcinoma and
mucoepidermoid carcinoma, which may also be positive.

Immunohistochemically, since both of the hyalinizing
clear cell carcinomas and squamous cell carcinoma are
positive for basal cell markers such as p40 and p63, they are
not useful to distinguish these tumors.

Because hyalinizing clear cell carcinoma harbors the
EWSR1-ATF1 chimeric gene, all the hyalinizing clear cell
carcinoma cases were positive for ATF1. However, non-
tumorous cells and some bronchial mucoepidermoid carci-
noma are also positive, so the ATF1 staining is not neces-
sarily useful to distinguish these tumors. Clear cell sarcoma
shows positive staining for HMB45, S100, and SOX10,
whereas all bronchial hyalinizing clear cell carcinoma cases
are negative for these markers. It thus appears important to
combine immunohistochemical and FISH results to make a
correct diagnosis.

The etiological factors of bronchial hyalinizing clear cell
carcinoma are unclear, but considering our own and pre-
viously reported cases, we can point to age distribution in
the fourth to sixth decades, no gender preponderance or
relation to smoking history, and with a predilection for the
right lung. In addition, tumor cells showed the low Ki-67
labeling index, indicating slow growth. Indeed, in case B3,
the tumor appeared to have grown slowly to reach the size
of 33 mm over 7 years. Nevertheless, we should bear in
mind that distant metastasis of hyalinizing clear cell carci-
noma can occur. Su et al. [18] reported two cases of salivary
gland hyalinizing clear cell carcinoma with metastases to
cervical lymph nodes 10 and 14 years after local resection.
More recently, Wang et al. [15] reported a case with late
recurrence of bronchial hyalinizing clear cell carcinoma.
These findings indicate that bronchial hyalinizing clear cell
carcinoma has the potential to metastasize late after surgery,
even in a form of an occult cancer, so that careful long-term
follow-up should be recommended. In addition, since
bronchial and salivary hyalinizing clear cell carcinomas
show exactly the same characteristics, thorough clinical
examination is crucial to rule out a metastatic hyalinizing
clear cell carcinoma.

In summary, we here presented three rare bronchial
hyalinizing clear cell carcinoma cases, focusing on histo-
logic and FISH findings, and verified the similarity of
tumors originating in the lung and the salivary glands.
Considering the rarity of the tumor, it is important to
remember this entity as one of the differential diagnoses of
salivary gland-type lung tumors.
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Fig. 5 Detection of the chimeric gene, EWSR1-ATF1. a Fluorescence
in situ hybridization shows split signals for EWSR1 (left column, red
and green signals). 5′-EWSR1 (red signal) is fused to 3′-ATF1 (blue
signal), resulting in a pink signal (right column, arrow head). b
EWSR1-ATF1 fusion transcripts were detected in all bronchial hyali-
nizing clear cell carcinoma cases, whereas no transcript is identified in
normal lung (“non-tumor”) tissue (left half). All samples including
normal lung tissues show the ACTB transcript, assuring the quality
(right half). c Sanger sequencing indicates the presence of EWSR1-
ATF1 gene with fusion points of EWSR1-exon 11 and ATF1-exon 3
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