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 INTRODUCTION

Autogenous cartilage is the most commonly used graft material 

in the reconstruction of congenital auricular anomalies and aes-

thetic rhinoplasties. Even though autologous cartilage is less infec-

tious and causes fewer side effects than alloplastic material, the 

amount of autologous cartilage that can be harvested is limited [1]. 

To overcome this disadvantage, the homogenous cartilage ob-
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Background: Because of the relatively similar size of organs to human and the physiologi-
cal and structural similarities, the use of porcine as xenograft donors is progressing very 
actively. In this study, we analyzed the characteristics of porcine ear cartilage and evalu-
ated its suitability as graft material in reconstructive and cosmetic surgery. 
Methods: The auricular cartilage was harvested from two pigs, and subjected to histologi-
cal examination by immunohistochemical staining. To determine the collagen content, sam-
ples were treated with collagenase and weight changes were measured. After sterilization 
by irradiation, the samples were grafted into rats and stained with Hematoxylin and Eosin 
and Masson Trichrome to observe inflammation and xenograft rejection. 
Results: In IHC staining, extracellular matrices were mainly stained with type II collagen 
(20.69%), keratin sulfate (10.20%), chondroitin sulfate (2.62%), and hyaluronic acid (0.84%). 
After collagenase treatment, the weight decreased by 68.3%, indicating that about 70% of 
the porcine ear cartilage was composed of collagen. Upon xenograft of the sterilized carti-
lages in rats, inflammatory cells were observed for up to 2 months. However, they gradually 
decreased, and inflammation and reject-response were rarely observed at 5 months. 
Conclusion: The porcine ear cartilage was covered with perichondrium and cellular con-
stituents were found to be composed of chondrocytes and chondroblasts. In addition, the 
extracellular matrices were mainly composed of collagen. Upon xenograft of irradiated car-
tilage into rats, there was no specific inflammatory reaction around the transplanted carti-
lage. These findings suggest that porcine ear cartilage could be a useful alternative implant 
material for human cosmetic surgery. 
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tained from a human cadaver is used; however, this is expensive 

and it is difficult to obtain sufficient quantities of cartilage [2]. Be-

cause of a lack of supply and high cost, research on xenografts is 

progressing actively. Among potential xenograft donors, pigs have 

shorter gestation periods and grow faster. More importantly, pig 

organs are similar to human organs in size, anatomy, and physiol-

ogy. In addition, it is easy to obtain pathogen-free pigs with fewer 

xenozoonoses, and the blood type compatibility is relatively insig-

nificant. Therefore, porcine xenotransplantation studies of cells, 

tissues, and organs have been actively conducted. There are vari-

ous types of transplantations: (1) cellular transplantation using is-

let cell, neuronal cell, chromaffin cell, hepatocyte, and cornea; and 
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(2) organ/tissue transplantations using heart valve, vessel, lung, 

liver, kidney, and heart. In addition, studies have investigated the 

treatment of acute and chronic wounds and bone fragment trans-

plantation using porcine skin and small intestine submucosa [3].

Among the various porcine tissues, cartilage tissue has been of 

particular interest because of its potential for treatment of degen-

erative arthritis and reconstruction of the tracheal defects. Ani-

mal experiments have been conducted to collect chondrocytes 

and cultivate cartilage tissue from pigs. However, it takes a long 

time to cultivate these cells, and there are side effects associated 

with transplantation. All these challenges make use of porcine tis-

sues in clinical practice difficult. As such, few studies have investi-

gated the use of xenografts in aesthetic rhinoplasty or reconstruc-

tion of ear deformity.

In this study, the authors examined the possibility of xeno-

transplantation using porcine cartilage for cosmetic and recon-

structive surgery by examining histological analyses and physical 

properties of the porcine cartilage. Additionally, after irradiation 

with gamma rays and sterilization, xenografts were into the rats 

were performed to study the tissue responses. 

METHODS

Materials

All experimental procedures were carried out according to the 

regulations of the Animal Experiment Ethics Committee of 

Chungnam National University. The ear cartilage of pigs was col-

lected from two pigs that were 6 months of age. Additionally, 10 

Sprague-Dawley (SD) rats weighing 250 to 350 g were used for xe-

notransplantation at 4 weeks of age.

Experimental Methods

Histological analysis (immunohistochemical stain)
A 4 μm thick paraffin section fixed to formalin was deparaffinized 

by reacting with a HistoClear II solution (Fisher Scientific, Pitts-

burgh, PA, USA) for 20 minutes, followed by rehydration with 

graded ethanol solutions (100%, 90%, 70%) for 2 minutes each. The 

cartilaginous tissue was then treated with 3.0% hydrogen peroxi-

dase solution for 10 minutes to inhibit the endogenous enzyme. 

Proteinase K (Sigma, St. Louis, MO, USA) pretreatment was per-

formed for 15 minutes to release the cross-linking formed by for-

malin fixation and increase antigen exposure, after which the tis-

sue was treated with 10X SuperBlock solution (Pierce, Rockford, 

IL, USA) for 30 minutes to inhibit proteins that could specifically 

bind to the primary antibody. The primary antibodies used were 

as follows: anti-keratin sulfate IgG (1:100, sc-73518, Santa Cruz 

Biotechnology, Santa Cruz, CA, USA), anti-chondroitin sulfate 

IgM (1:200, ab11570, Abcam, Cambridge, MA, USA), anti-hyal-

uronic acid IgG (1:50, ab53842, Abcam), and anti-type II collagen 

ab-2 IgG (1:200, MS235PO, Thermo Scientific, Waltham, MA, 

USA). All antibodies reacted with tissue sections and incubated in 

a wet chamber. As secondary antibodies, anti-keratan sulfate anti-

body, anti-chondroitin sulfate antibody, and type II collagen Ab-2 

antibody were used in EnVision complex (DAKO, Hamburg, Ger-

many), while anti-hyaluronic acid antibody was used in rabbit an-

ti-sheep IgG (HRP) (ab6747, Abcam, Cambridge, MA, USA). Ad-

ditionally, NovaRED (Vector, Burlingame, CA, USA) was used as 

a chromogen and immersed in Mayer’s hematoxylin (Sigma) for 7 

minutes with counterstain. After dehydration and clearing, the 

samples were mounted on a slide and observed under a 200× opti-

cal microscope. After scanning the stained slides, slides were pho-

tographed and analyzed using the ImageJ software (version 1.50i, 

National Institutes of Health, Bethesda, MD, USA). 

Quantitative analysis of collagen 
Ten specimens each 0.5×0.5 cm in size were prepared from the ears 

of two pigs. Collagenase at a concentration of 50 U/mL was added to 

each sample and stored at 37° C in an incubator. The degree of de-

composition by collagenase was then determined based on the 

change in weight of the sample over a time interval of 7 days, and the 

amount of weight change evaluated using the Mann-Whitney test.

Xenografting 
Porcine auricular cartilage was cut into 1×1 cm pieces and sterilized 

by irradiation with gamma radiation at 25 kGy using a Cobalt-60 

irradiator (IR-149 irradiator, 60Co panel source) [4]. Decellulariza-
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tion was performed by immersing a cartilage specimen into a PBS 

solution containing 0.5 mg/mL DNases Type I, 50 μg/mL RNase, 

0.02 EDTA and 1% P/S/F according to the method described by El-

der et al. [5]. Next, 2% sodium dodecyl sulfate (SDS) solution was 

added and reacted for 8 hours [6]. Xenografts of the porcine auricu-

lar cartilage were subsequently implanted between the skin and 

muscle layer on the left and right sides of 10 male SD rats that 

weighed 250–350 g. Histologically, H&E and Masson trichrome 

(MT) stain were obtained after the rats were sacrificed monthly.

RESULTS

Immunohistochemical (IHC) stain

The type II collagen, which was stained the most (20.69%) by IHC 

staining, was distributed throughout the extracellular matrix 

around the chondrocytes under the perichondrium. Among the 

ground substances, keratan sulfate was the second most abundant 

(10.20%) and mainly distributed in the extracellular matrix 

around the mature chondrocytes in the deep layer below the peri-

chondrium. The amount of chondroitin sulfate was the next 

highest (2.62%), and was distributed mainly in the extracellular 

matrix on the outer edge around the immature chondrocytes. 

Hyaluronic acid was the least abundant (0.84%). Although not 

distributed deep into the tissue, hyaluronic acid was relatively 

widely distributed (Fig. 1).

Weight changes after collagenase treatment 

The weight decreased to 51.08% of the initial mass during the first 

Fig. 1. Immunohistochemical staining (×400). Type II collagen (A) was evenly distributed in the extracellular matrix around chondrocytes below 
the perichondrium. Among the ground substances, keratan sulfate (B) was mainly distributed in the extracellular matrix around mature chon-
drocytes in the deep layer below the perichondrium. Chondroitin sulfate (C) was primarily distributed in the extracellular matrix around the 
outer edge of young chondrocytes. The amount of hyaluronic acid (D) was small and not stained densely, but distributed relatively widely. 
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Fig. 4. Xenograft in the rat (×40). (A) H&E, MT staining at 1 month after transplantation. Around the implanted cartilage, inflammatory cells (lym-
phocytes) and giant cells were observed in small quantities. (B) 2-month H&E, MT stain. Lymphocytes were still observed, but in reduced amounts. 
(C) 3-month H&E, MT stain. The inflammatory cells were further reduced and a small amount of calcification was observed in the grafted cartilage. 
(D) 4-month H&E, MT stain. Inflammatory cells were not observed in substantial numbers, but calcification was increased. (E) 5-month H&E, MT 
stain. Inflammatory cells were not observed, calcification was not increased and the volume of the cartilage was not altered. MT, Masson trichrome.
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available is limited. In addition, when collecting costal bones in 

large quantities at once, it may be necessary to reconstruct the do-

nor defect [13]. Recently, human cadaver cartilage has been used 

as an implant for cosmetic and reconstructive surgery. This has 

fewer side effects than artificial materials, and there are few re-

strictions to obtain because there is no sacrifice of the donor site. 

However, this cartilage is expensive, and difficult to use in large 

quantities [14]. Accordingly, the authors investigated the elastic 

ear cartilage of pigs, which is known to have tissue structure simi-

lar to humans and is relatively inexpensive and readily available.

Elastic cartilage is composed of chondrocytes and extracellular 

matrix, and the extracellular matrix can be divided into fibrous 

and ground substances [15]. The fibers are mostly type II collagen 

and elastic fibers, whereas the ground substances are composed of 

glycosaminoglycans (GAGs) [16,17]. Cartilage can be further clas-

sified according to the composition and characteristics of the ex-

tracellular matrix. Hyaline cartilage, which is rich in extracellular 

matrix compared to cells, is present in the ribs, bronchi, and joints. 

Elastic cartilage, which has a lot of elastic fibers in the extracellular 

matrix, is present in the ear and ear canal, but the extracellular 

matrix is relatively small when compared to the hyaline cartilage 

[14]. Fibrous cartilage contains a large amount of type I collagen 

and is part of the intervertebral disk and joint [18].

In a preliminary study, H&E staining showed that porcine au-

ricular cartilage was covered by the perichondrium, which was 

composed of dense connective tissue that consisted of chondro-

cytes and an extracellular matrix. Fibrocytes and fibroblasts exist-

ed in the perichondrium, and chondroblasts were observed in the 

chondrogenic layer, which was below the perichondrium. In the 

deeper layer, there were lacunae containing chondroblasts and cell 

nests composed of two or four chondrocytes. Immunohisto-

chemical staining revealed that keratan sulfate and type II colla-

gen in the extracellular matrix were distributed evenly through-

out the entire cartilage. Chondroitin sulfate was mainly 

distributed on the outer edge, while hyaluronic acid was distribut-

ed evenly although in small amounts. Furthermore, the extracel-

lular matrix of the porcine ear cartilage contained GAGs such as 

type II collagen, keratan sulfate, chondroitin sulfate, and hyal-

uronic acid.

As a result of observing porcine cartilage specimens in collage-

nase solution, the amount of collagen decreased to 51.08% within 

the first 50 hours, then further decreased to 31.65% after 7 days. In 

other words, most of the pig’s ear cartilage is made of collagen.

Following xenograft in SD rats, small amounts of inflammato-

ry cells were observed around the grafts; however, these were rare-

ly observed after 5 months. Therefore, it is expected that there will 

be no severe inflammatory reaction or rejection after gamma-ray 

sterilization and decellularization.

In the future, a series of experiments should be conducted to 

compare the elasticity, hardness, tensile strength, and bending 

strength of porcine ear cartilage with those of human ear carti-

lage. 

Immunohistochemical staining revealed that the porcine ear 

cartilage was surrounded by the perichondrium, which consisted 

primarily of chondroblasts and chondrocytes. In the extracellular 

matrix, the fibrous component consists of type II collagen, where-

as the ground substance was composed of keratan sulfate, chon-

droitin sulfate, and hyaluronic acid. Measurement of the weight 

change over time post-collagenase treatment revealed that the to-

tal amount of collagen decreased to 68.35%, indicating that most 

of the cartilage tissue was collagen. Following xenografting of the 

sterilized porcine ear cartilages into rats, few inflammatory cells 

were observed after 2 months, and the cartilage size did not de-

crease. Therefore, no specific rejection or inflammation reaction 

was observed. 

Studies of mechanical properties such as hardness, elasticity, 

tensile strength, and bending strength of porcine ear cartilage 

should be conducted to enable comparison with those of human 

ear cartilage. If additional studies further support our observa-

tions, the auricular cartilage of pig may be suitable for clinical use 

as a prosthetic implant.
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