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Abstract

The development of human nasal

epithelial organoid

Seung Hoon Han

Department of Translational Medicine

The Graduate School

Seoul National University

Introduction: Nasal epithelial cells (NECs) are a suitable model for studying

the properties of the nasal epithelium and the pathophysiology of pathogens.

However, since it is difficult to obtain sufficient cells that can be cultured for a

long period, there are many limitations in using it for repeated in vitro

experiments. This study aimed to describe the cell differentiation of human nasal

epithelial (HNE) organoid derived from nasal samples and compare the

characteristics of the normal nasal mucosa and cultured primary NECs

Methods: HNE organoids derived from human nasal mucosa were cultured.

Then air-liquid interface (ALI) cultures from the HNE organoids were cultured

until passages 3 and 5. Histologic analysis, electron microscopy, and real-time

polymerase chain reaction of the cultured cells were performed.

Results: The histological findings showed that a well differentiated nasal

epithelium was established 14 days after confluency in the ALI culture systems.

Ciliated and secretory cells were observed through H&E and PAS staining.

Scanning electron microscopy and transmission electron microscopy showed

secreted mucus and well-differentiated cilia, and tight cellular junctions. Our

HNE organoid models showed a significant expression of TP63, KRT5,
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MUC5AC, and FOXJ1 genes until passage 5.

Conclusion: Findings suggest that our HNE organoid model will be suitable

for long-term, repetitive in vitro experiments as it can accurately recapitulate

the morphological and physiological characteristics of the nasal epithelium.

Keywords: Primary nasal epithelial cell culture, Nasal epithelial organoid,

Airway epithelium

Student Number: 2020-25201
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I. Introduction

Airway epithelial cells serve as a natural wall to inhaled potential pathogens

and other environmental insults and are the initial line of immunological defense

against invading microbes [1,2]. Airway epithelial cells cultured in vitro can

recapitulate in vivo physiological processes and morphology. These cultures are

good surrogate models for studying respiratory diseases like cystic fibrosis and

testing new therapies [3].

Human primary airway epithelial cell culture has several limitations, including

the limited number of cells available from a donor, donor-to-donor heterogeneity,

and contamination with pathogens [4]. Therefore many studies have been

conducted on animal airway epithelial cells or tumor cells, which expand easily.

However, human primary airway epithelial cell culture more appropriately

represents the characteristics of the in vivo conditions and cellular response of

normal human airway epithelial cells than immortalized cell lines or animal cell

models. Attempts have been made to overcome this limitation of obtaining

sufficient cells by subculturing bronchial epithelial cells and nasal epithelial cells

[5, 6]. In 1996, Gray et al. reported that normal human lower airway epithelial

cells were subcultured and that passage-2 airway epithelial cells were suitable

for studying secretion mechanisms or differentiation. Currently, many research

institutes are conducting various studies according to this method [5]. However,

as the number of passages increases, cell division slows after passage 4 due to

cellular senescence, and the ability to produce mucus or form cilia is gradually

lost [6, 7]. Organoid models that culture cells in three dimensions can proliferate

while maintaining differentiation capacity for a long time [8].

Organoids are three-dimensional cell aggregates formed through self-renewal

and self-organization of stem cells. Organoids can overcome the limitations of

two-dimensional cell culture methods while easily utilizing existing efficient two

dimensional culture-based biochemical and cell biological analysis techniques.

The airway organoid (AO) was first reported by Benail et al. using a collagen

grid to obtain a three-dimensional culture of airway epithelial cells from nasal

polyps [9]. Rossant first described the production of lung organoids from cystic

fibrosis transmembrane conductance regulator (CFTR)-mutant induced

pluripotent stem cells for the purpose of cystic fibrosis modeling [10].
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This study aimed to describe the cell differentiation of HNE organoids derived

from human nasal samples and compare the characteristics of the normal nasal

mucosa and cultured primary nasal epithelial cells.

II. Methods

1. Establishing human nasal epithelial (HNE) organoids

HNE organoids derived from human nasal samples were established according

to a published protocol [10]. The nasal mucosa of the middle turbinate was

harvested from the nasal cavity of four patients undergoing surgery for a

deviated septum. The nasal tissue was washed with transfer medium

(Dulbecco’s modified Eagle’s medium [DMEM]/HAM’s F12K medium [F12], 1%

penicillin and streptomycin). Digestion medium (AO medium, collagenase, and

amphotericin B) was added, and the nasal tissues were digested on an orbital

shaker for 60–120 min at 37°C. After digestion, the nasal tissue was removed,

and collagenase was inactivated by adding fetal bovine serum. The solution was

sheared, filtered through a strainer (100 μm), and spun at 1200 rpm for 5 min

at 4°C. After removing the supernatant, the cell pellet was washed using

washing medium (DMEM/F12, Glutamax 100x, HEPES 1M, penicillin,

streptomycin and amphotericin B) and centrifuged at 4°C at 1200 rpm for 5 min.

Then, the wash medium was taken away, the cell pellet was placed in

Matrigel®, plated in a 24-well plate, and cultured at 37°C for 10 min. After the

Matrigel® had hardened, 500 µL of AO medium was added with penicillin,

streptomycin, amphotericin to each well, and the plates were kept in a 37°C

incubator. Every four days, the AO medium was replaced, and every other

week, subculture was carried out in a 1:2 ratio for expansion.

Figure 1. Schematic of the protocol to generate HNE organoids.
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2. HNE organoid-Air Liquid Interface (ALI) cultures

ALI cultures were carried out according to a previously published protocol [6].

Briefly, passage-2 and passage-4 HNE organoids (1x105) were seeded on

Transwell clear culture inserts containing culture medium. The culture medium

was composed of a plasma-free culture solution containing DMEM and basal

epithelial growth medium with several supplements [11]. For the first 9 days,

the cells were immersed in the culture medium. The culture medium was then

replaced at the upper and lower parts 1 day after the start of the culture and

every other day afterward. After culturing in the culture medium submerged for

9 days, the upper culture medium was removed to form an ALI. The upper part

of the cells was exposed to air, and the lower culture medium was replaced

daily. Cultivation was performed at 37oC, and 5% CO2. The culture period was

two weeks after the creation of ALI.
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Figure 2. Schematic protocol of HNE organoid-ALI cultures for HNECs

expansion and differentiation.

HNE, Human nasal epithelium; ALI, Air liquid interface; HNEC, Human nasal

epithelial cell

3. Histologic analysis and electron microscopy

For morphological observations, the culture was fixed in 10% formalin, and

then embedded in paraffin and cut to a thickness of 5μm. Hematoxylin and eosin

(H&E) and periodic acid-Schiff (PAS) staining were performed on the cut

tissues. The stained specimens were observed using an Olympus UTV0.63XC

microscope (Olympus, Tokyo, Japan). For scanning electron microscopy (SEM),

the cultured cells were fixed with 2.5% glutaraldehyde for 3hours and then

washed with 0.1M PBS. After re-fixation in 1% osmium tetroxide(OsO4) for 90

min, and dehydration using 100% alcohol, the tissue was dried at the critical

point, and gold sputter-coating was performed. The specimen was visualized
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using a Hitachi S-800 microscope (Hitachi, Tokyo, Japan). For transmission

electron microscopy (TEM), the culture was washed with PBS, then pre-fixed in

2.5% glutaraldehyde for 5 minutes and washed. After being fixed in 1% OsO4

for 30 min and dehydrated. It was replaced with isopropyl alcohol, embedded in

epoxy resin, and polymerized in an incubator at 60°C for 48 hours. The fully

polymerized resin was isolated from the plate, and trimmed and cut into

50-70nm sections using a diamond knife. The sections were double-stained in

uranyl acetate and lead citrate for 10min each and observed under a JEM1011

microscope (JEOL, Tokyo, Japan).

4. Real-time PCR

Real-time PCR was performed as previously described [12]. Briefly, Trizol®

(Molecular Research Center, Cincinnati, OH, USA) was added to the culture.

The culture was left at room temperature for 5 min, chloroform was added, and

mixed for 15 seconds, and centrifuged at 12,000g for 15 min. For RNA

precipitation, the supernatant was transferred to a new tube, and isopropyl

alcohol was added, followed by 75% ethanol for washing. The RNA precipitate

was dissolved in DEPC solution and stored at -70oC. cDNA was synthesized

using 1 µg of RNA, RNase inhibitor, oligo-(dT) 15 primer, 2.5mM dNTP, 50mM

KCl, 10mM Tris-HCl, 5mM MgCl2, and reverse transcriptase at 25oC for 15 min,

42oC for 60 min, 99oC for 5 min. The TaqMan method using the ABI Prism®

7000 Sequence Detection System was used to quantify the mRNA expression

level. Human GAPDH was used as an endogenous control gene. The PCR

procedure was performed for 2 min at 50oC, AmpliTaq Gold polymerase was

activated for 10 min at 95oC, followed by 15 seconds at 95oC and 1 min at 60oC,

this was repeated 40 times. Each reaction was repeated three times for all

samples, and the standard curve method recommended by the manufacturer was

used for comparative analysis of the expression results of each sample.

III. Results
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1. The establishment of HNE organoid and the confirmation of

cellular types in organoid.

Optimal cell viability of HNE organoids derived from human nasal tissue was

demontrated in light microscope findings (Figure 3). There was no significant

difference in the growth rate of live cells even when the number of passages

increased . In HNE organoids established from human nasal samples, basal cell

markers KRT5 and TP63 and ciliated cell marker FOXJ1 mRNA were expressed

at similar levels compared to normal nasal mucosa(Figure 4).

2. Morphologic characterization and electronic microscopic

findings of HNE organoid-ALI cultures

ALI culture was performed by seeding passage 2 cell stock of organoids into

Transwell clear culture inserts at a cellular density of 1×105 cells/well.

Confluency was achieved after 10 days of ALI culture. The finding of a

high-magnification light microscope (40X) showed polygonal small tightly bound

cells and ciliary beating at 14 days after confluence in ALI culture. Histological

findings, including H&E and PAS staining, showed well-differentiated

multi-layered columnar epithelium, including strongly stained secretory cells and

ciliated cells (Figure 5). Fourteen days after confluency in the ALI, cells which

adhere tightly to each other in a polygonal shape and secreted mucus and

differentiated cilia were visualized under SEM. The finding of TEM also showed

differentiated secretary cells and ciliated cells (Figure 6).

To compare the histological findings of the normal human nasal mucosa with

the histological findings of HNE oragnoid-ALI culture, H&E and PAS staining

was performed and observed on the normal human nasal mucosa. Light

microscopy findings showed a multi-layered nasal epithelium containing

well-stained ciliated and secretory cells and SEM finding also showed

well-differentiated ciliated and secretory cells (Figure 7).

Figure 3. HNE organoids growth characteristics according to subculture. (A)

passage 0, (B) passage 1, (C) passage 2, (D) passage 3, Scale = 100 µm (upper
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panel), Scale = 50 µm (lower panel), (E) There is no difference in the growth

rate of live cells according to the number of passages.

HNE, human nasal epithelium.

Figure 4. The mRNA levels of (A) TP63, (B) KRT5, (C) Foxj1 in nasal

mucosa and HNE organoids. HNEO, human nasal epithelial organoid.

Figure 5. Histologic appearance of ALI cultures from HNE organoids and

primary cultured nasal epithelial cells under light microscope. (A) Primary NECs

(left panel) and NECs derived from HNE organoid (right panel) growing on ALI
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culture periods. Scale = 200 µm. (B) Cross section (5 µm) of primary NECs

(upper panel) and NECs derived from HNE organoid (lower panel) with H&E

and (C) PAS at ALI 14days. Scale = 50 µm.

H&E, hematoxylin and eosin; PAS, periodic acid Schiff; ALI, air-liquid interface;

NEC, nasal epithelial cell.
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Figure 6. SEM and TEM findings of HNE organoid-ALI cultures and primary

NEC-ALI cultures at 14 days after confluency. (A) SEM shows

well-differentiated secretory and ciliated cells in both HNE organoid-ALI

cultures (upper panel) and primary NEC-ALI cultures (lower panel). Scale = 10

µm, (B) TEM shows columnar secretory cells in both HNE organoid-ALI

cultures (upper panel) and primary NEC-ALI cultures (lower panel). Scale =

1000 nm and (C) TEM shows well-differentiated ciliated cells in HNE

organoid-ALI cultures. Scale = 500 nm.

SEM, scanning electron microscopy; TEM, transmission electron microscopy;

HNE, human nasal epithelium; ALI, air-liquid interface.

Figure 7. Histologic appearance of normal human nasal mucosa with H&E, PAS

staining and SEM finding. (A) The structure of human nasal epithelium,

including ciliated and secretory cells and basement membrane is observed in

H&E. Scale = 50 µm. (B) PAS staining shows stained secretory cells in HNE.

Scale = 50 µm. (C) SEM findings of HNE cells showing well-differentiated

ciliated cells. Scale = 10nm.

H&E, hematoxylin and eosin; PAS, periodic acid Schiff; HNE, human nasal
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epitelium.

3. Cell type-specific mRNA expression in HNE organoid-ALI

cultures

In nasal epithelial organoid-ALI cultures, KRT5 and TP63 mRNA, known as

cell markers of basal cells, were expressed at a similar expression level

compared to primary normal nasal epithelial cells and nasal mucosa. In addition,

FOXJ1, a ciliated cell marker, and MUC5AC, a secretory cell marker, also

demonstrated a similar expression level compared to primary normal nasal

epithelial cells and nasal mucosa. KRT5, TP63, FOXJ1, and MUC5AC expression

levels were similar in passage 3 and passage 5 cells of HNE organoid-ALI

culture (Figure 4).

Figure 8. The mRNA levels of TP63, KRT5, Foxj1, and MUC5AC in (A) HNE

organoid-ALI cultures (passage-3), (B) HNE organoid-ALI cultures (passage-5),

(C) Primary nasal epithelial cell culture (passage-2) and (D) Normal human

nasal mucosa. (1/2)^(Gene-GAPDH) of MUC5AC : passage-3 organoid = 0.0021,

passage-5 organoid = 0.00064, primary cell culture = 0.0017, nasal mucosa =

0.014.

ALI, air-liquid interface.



11

IV. Discussion

With the development of cell culture methods, it is possible to induce human

airway epithelial cell differentiation with similar morphological, biochemical, and

physiological characteristics to in vivo airways [11, 13]. Primary nasal epithelial

cells have been utilized to diagnose and study nasal pathophysiology, including

inflammation, allergy, viral and bacterial infections, and the function of airway

epithelial cells [4]. However, for a primary cell culture, an invasive biopsy of

human tissue is required for each experiment. Therefore, obtaining a sufficient

number of cells is challenging, and complete differentiation takes a long time to

achieve. A sufficient number of cells cannot be obtained as the number of

passages is limited. As the number of passages increases, cell division slows

down due to cellular aging and the ability to produce mucus or form cilia is lost

[5, 7]. This study describes a well-differentiated HNE organoid model derived

from human nasal tissues that accurately recapitulates the airway epithelium

according to multiple outcome measurements. Passage-5 cells cultured from this

organoid also showed optimal cell growth and differentiation, allowing sufficient

cells to be obtained.
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In various airway diseases, the production and secretion of mucus by airway

epithelial cells is a common phenomenon. The airway is composed of basal cells

and pseudo stratified ciliated epithelial cells composed of various types of

secretory and ciliary cells. Understanding the pathophysiology and fundamental

biology of airway cells and tissues is necessary for the accurate diagnosis and

effective treatment of respiratory diseases. The lack of existing efficient models

of differentiated respiratory epithelium makes basic studies of pathogenic

processes associated with respiratory diseases difficult and time-consuming.

Respiratory epithelial models must be able to efficiently and adequately

recapitulate the human phenotypic and genotypic diversity of the respiratory

system [14, 15].

Initially, airway animal models using guinea pigs or rats as a source of

differentiated respiratory epithelium have been frequently used for research on

respiratory diseases [16, 17]. However, these animal models have limitations in

that only a small number of cells can be obtained, and they do not fully reflect

the morphology and physiology of the human airway epithelium [18]. In mice,

the composition of airway epithelium in certain parts of the airway tract

different from that in humans [15]. In the mouse model of PCD resulting from a

deficit of DNAH5 protein, mice without DNAH5 developed hydrocephalus, which

does not occur in humans with DNAH5 mutations [19]. Because of the

differences between animal and human disease models, reproducing human

manifestations in animal disease models is difficult. Results in animal studies

may appear different than those in human clinical trials [18]. Therefore, caution

should be exercised when interpreting the results of animal studies. Additionally,

tumor cells, which are relatively easy to culture, or immortalized airway cell

lines were used for research. However, since the cell line cannot reproduce

mucociliary differentiation, it cannot be used for studies on ciliary movement or

mucus-related diseases [20, 21]. For these reasons, culturing primary human

respiratory epithelial cells appears to be the most suitable method for studying

host responses to external stimuli, such as respiratory pathogens and allergens,

and testing personalized therapeutics [22, 23].

In the early 1980s, primary human respiratory epithelial cell culture was first

reported [3]. Primary human respiratory epithelial cell culture became more

popular as more information was discovered about the factors stimulating cell
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proliferation or differentiation [24, 25]. Since the cell expansion and

differentiation steps are separated in vitro, media containing stage-specific

supplements such as retinoic acid, calcium ion, and culture platforms, including

ALI culture, as mechanical conditions significantly impact the growth and

differentiation of cells in primary cell culture [26, 27].

However, primary human respiratory epithelial cell culture has several

limitations, such as difficulty obtaining a sufficient number of cells and their

limited potential to expand and differentiate over a longer period. Primary human

respiratory epithelial cells can only divide optimally for three to four passages

[6, 28]. After this passage, the cells proliferate more slowly and lose their ability

to differentiate into cilia and secrete mucus [5,7]. Furthermore, due to the limited

amount of tissue available from the donor, acquiring sufficient cells in culture is

difficult. The storage of donor tissues is also limited because the differentiation

capacity of cells decreases after cryopreservation [29].

Organoid culture is a recently established method for growing human

respiratory epithelial cells in a three-dimensional structure [30]. Primary human

respiratory epithelial cells are embedded in an extracellular matrix with

media-containing supplements that promote tissue self-renewal. Therefore,

organoid cultures can be efficiently expanded for a long period [8]. In the early

stage of organoid formation, expansion of basal cells is promoted by the

composition of the culture medium and the cells proliferate rapidly and form

three-dimensional spheroids. After the three-dimensional structure of organoids

is created, some stem cells differentiate into functional cells constituting tissues

due to changes in the physical environmental conditions. In this way, the

self-renewal and differentiation of basal cells in the organoid is properly

maintained, and expansion is possible even after many passages. In this study,

to maintain the stem cells in a pre-mitotic state, a culture medium containing

TGF-beta inhibitor and WNT signal agonist was used to prevent the

differentiation of epithelial stem cells and promote self-renewal [31]. Although

the exact mechanism remains unclear, it is known that the ability to expand is

maintained because cell aggregation through three-dimensional culture creates

structural characteristics similar to the stem cell niche in the actual tissue.

The nasal epithelium consists of basal cells, ciliated cells, non-ciliated

columnar cells, and goblet cells [32]. We made HNE organoid-ALI cultures
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derived from human nasal samples and described the cell differentiation and

characteristics of organoids. After 14 days of confluence in the ALI culture

system, histological findings showed fully differentiated nasal epithelium.

Secreted mucus was observed in HNE organoid-ALI culture, and cilia and

secretory cells were also identified through H&E and PAS staining.

Transmission electron micrographs also showed secreted mucus and

well-differentiated cilia, and SEM revealed well-differentiated cilia, mucin

granules, and tight cellular junctions. Previous studies of submerged monolayer

cultures taken from the nasal and bronchus have described the functions of

basal epithelial cells [33, 34]. However, the submerged monolayer cultures cannot

observe mucociliary differentiation. In the ALI culture system, the apical part of

epithelial cells is exposed to air, and cilia movement and mucus-secreting

secondary cells can be observed because optimal airway epithelial differentiation

is possible [35, 36]. Therefore, many studies have investigated the physiological

function of the airway epithelium using the ALI culture system [37-39].

Basal cells are abundantly distributed in human airways. In basal cells, TP63

and CD44 are highly expressed, and the expression of desmosomal proteins such

as KRT5 is also increased [40]. The differentiation of progenitors into ciliated

cells consists of the expression of the MCIDAS-CCNO-MYB-FOXJ1 gene

cascade [41]. Foxj1 regulates cilia differentiation as well as motile cilia formation

processes such as cilia elongation and centrosome proliferation [42]. Additionally,

progenitors that differentiate into goblet cells show high expression of MUC5AC

[41]. In our HNE organoid model, we observed the significant expression of

TP63, KRT5, MUC5AC, and FOXJ1 genes, which are specific cell markers of

basal progenitor cells, secretory cells, and ciliated cells, until passage 5.

Several studies have evaluated the CFTR function and analyzed disease

features of respiratory syncytial virus infection using organoids derived from

distal airways, such as bronchial or tracheobronchial epithelial cells [8, 10].

There have been attempts to establish organoids from human nasal samples

because nasal epithelial cells are much less invasive than distal airways [43, 44].

Liu et al. established an HNE organoid model using the patient's nasal tissue.

Forskolin-induced swelling that can be used to evaluate CFTR activity could be

measured using HNE organoid model [43]. And Sett et al. also generated HNE

organoid model derived from the nasal sample of CF patients and used for
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CFTR pharmacological testing [44]. In this study, development a HNE organoid

was succeeded in a similar methods, it was described that proliferation and

differentiation ability were maintained even when the number of passages of the

organoids increased. The nasal cavity is the first barrier to immunological

defense and a less invasive tissue source. Therefore, it is considered that

organoid models derived from human nasal tissues would be useful for studying

pathogens, including respiratory viruses, testing therapeutics, or in vitro studies

of the immunological mechanisms of allergic rhinitis.

In the primary nasal epithelial cell culture, it takes about 6 weeks until the

cells are completely differentiated from the donor [12]. However, the HNE

organoid model can shorten the time required. Moreover, since the organoid

model can be frozen and thawed, a sufficient number of cells can be obtained,

and the results of multiple studies can be interpreted because it is possible to

proliferate from the same donor [45]. Additionally, the organoid model produced

from the patient reflects the patient's genotype and phenotype, and can be used

as a preclinical model to evaluate the therapeutic effect of drugs, which will be

of great help in establishing a patient-specific treatment plan.

V. Conclusion

This study demonstrates that the HNE organoid model adequately recapitulates

the histological morphology and physiological features of the human nasal

epithelium. Organoids derived from human nasal tissue can be effective models

for repeated studies because sufficient cells can be obtained over a long period.

Moreover, this organoid model can be used to recapitulate the complex

interactions between pathogens, drugs, and airway cells and to develop

therapeutic agents targeting the airway mucosa..
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초 록

서론: 인간 비강 상피 세포는 비강 상피의 특성과 병원체에 대한 면역반응을 연

구하는데 유용한 모델이다. 그러나 인간 비강상피세포는 체외에서 장기간 배양할

수 없고 조직으로부터 충분한 세포를 얻기 어렵기 때문에 반복적인 시험관내 실험

에 사용하는데 많은 한계가 있다. 본 연구는 인간 정상 비점막에서 유래한 비강 오

가노이드 모델의 세포 분화를 살펴보고 기존 체외 배양 비강 상피세포와 비교하여

시험관내 실험에서 비강 오가노이드 모델의 유용성을 평가하고자 한다.

방법: 인간 정상 비점막을 채취하여 비강상피 오가노이드 모델을 만들고자 하였

다. 제작된 비강상피 오가노이드를 이용하여 air-liquid interface법으로 배양하여 비

강상피세포들의 분화를 유도하였으며 배양된 세포의 형태학적 관찰을 시행하였고

비강상피를 구성하는 특정 세포들의 mRNA을 세포에서 추출하여 발현정도를

RT-PCR을 이용하여 비교하였다.

결과: 비강상피 오가노이드는 ALI 배양 시스템을 통하여 완전히 분화된 비강 상

피를 형성하였다. H&E 및 PAS 염색을 통해 분화된 섬모 세포와 분비 세포가 관찰

할 수 있었다. 투과 전자현미경으로 분화된 섬모와 분비된 점액이 관찰되었으며 주

사전자현미경으로 점액과립과 분화된 섬모, 세포간 밀착연접을 관찰 되었다.

Passage-3세포 뿐만 아니라 Passage-5 세포에서도 basal celll의 마커인 TP63,

KRT5, secretary cell의 마커인 MUC5AC 및 ciliated cell의 마커인 FOXJ1 유전자

의 유의한 발현을 확인 할 수 있었다.

결론: 인간 비점막으로부터 만들어진 비강 오가노이드모델이 비강 상피의 형태

및 생리학적 특성을 유지하고 분화할 수 있음을 보여주었고 반복되는 시험관 내 연

구에 유용할 것임을 시사한다.

주요어: 오가노이드, 비강상피세포, 일차상피세포배양, 기도 상피 조직
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