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Abstract 
Background: Cryopreserved tracheal allograft has been used successfully for esophageal replace-
ment in the canine model. The working hypothesis was cryopreservation decreases antigenicity 
but epithelial desquamation remains. However, cryopreservation of human tracheal samples col-
lected at tracheostomy, resulted in no significant desquamation. The aim of this study was to ex-
amine the extent of desquamation of the epithelial layer of cryopreserved animal tracheas and 
find a reason for decreased antigenicity of cryopreserved canine and pig’s trachea. Methods: 5 cm 
long tracheal segments were removed from 6 dogs and 125 pigs and stored in liquid nitrogen for 
21 days. Cross section samples were taken from the end of the segment, 1 cm from the end and at 
the middle of the segment. Histological examination was performed using haematoxyllin-eosin 
and MHC-II antigen specific antibody staining. Changes in histological structure were analyzed. 
Results: General histological morphology of samples changed after cryopreservation. The percen-
tage of intact epithelium and the overall intensity of immune-staining increased significantly from 
the ends to the middle of the segments, but the intensity of immune-staining showed no difference 
in the remaining epithelial cells. Conclusion: Cryopreservation damages the epithelial cells, but 
does not influence the cell’s antigenicity or cause desepithelisation. The main effect is a retraction 
of the epithelial layer from the ends to the midpart and this effect may be protection against organ 
rejection. Based on our canine and pig results a 5 cm, long tracheal segment seems to be a prom-
ising organ for human esophageal replacement. 
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1. Background 
Esophageal resection is a common surgical operation. To secure the continuity of the intestinal tract the resected 
organ has to be replaced. Except when a short segment resection is performed stomach, small intestine or the 
colon are routinely used organs for replacement. In rare cases, the organ chosen for the replacement is too short. 
To bridge this hiatus, cryopreserved tracheal allograft has been used successfully in a previous canine model [1]. 
Japanese researchers performed previously successful tracheal allo-transplantation using cryopreserved grafts in 
rat and canine models also [2] [3]. Our working hypothesis—based on results of Aoki and Toyo—was desqua-
mation of the epithelial layer is associated with decreased antigenicity during cryopreservation. However—as a 
new step—cryopreservation of human tracheal samples collected at tracheostomy, resulted in no significant des- 
quamation. The aim of this study was to examine the extent of desquamation of the epithelial layer of cryopre-
served animal tracheas and find a reason for decreased antigenicity of cryopreserved organs using canine (pre- 
phase study) and pig’s trachea. 

2. Methods 
After IRB approval, under sterile conditions a 5 cm. long tracheal segment was removed from 6 euthanized dogs 
(pre-phase study) and from 125 pigs. Pigs used for research are the most ideal animals; sizes of organs are large 
enough to handle them easily, quality of tissues seems like human tissues. Five pig samples were used as a con-
trol, the other 120 pig and the dog samples were stored in liquid nitrogen (−196˚C/−321˚C respectively) for 21 
days. After warm-up, circular samples were taken from the end of the graft (Sample A), 1 cm from the end 
(Sample B) and from the middle of the graft (Sample C). Each paraffin banded sample was stained using hae-
matoxylin-eosin (HE) and for immunological examination using MHC-II antigen specific antibody (HLA class 
II (DR)(NCL-LN3) antigen®; Novocastra Ltd., Newcastle Upon Tyne, UK). In each sample, the inner circumfe-
rence and the thickness of epithelial layer was measured. 

Based on initial results of the canine-model the pig samples were analyzed to compare the quality of the epi-
thelial layer. The samples were divided into three sub-groups (SG); SG1) intact or near intact epithelial layer 
with a well-structured tunica mucosa; SG2) epithelial layer with a loose sub-mucosa but without mucosa and 
SG3) a naked peri-chondrium without a visible sub-mucosal layer. In each subgroup the percentage of inner cir-
cumference was calculated and compared. 

In each sample of 100 epithelial cells, if found, the total number of MHC-II antigen positive (stained) cells 
was calculated and compared. The intensity of immuno-histological staining in the stained epithelial cells was 
ranked as +, ++ or +++. Cryopreservation cannot influence the MHC-II presentation of lymphocytes, therefore 
it’s staining intensity was assigned as +++ in samples. It means the immuno-histological staining intensity of ep-
ithelial layer was auto-controlled creating comparable results. Analysis (SPSS Statistics 17®; IBM, Chicago, IL, 
USA) was used to compare the results using Chi-square-test (p < 0.005) and Kruskal-Wallis-test (p < 0.005). 

3. Results 
Pre-phase-canine model: Intact epithelium in samples A, B and C was found in 0%, 33% and 100% of cases. 
Lack of an epithelial layer was found in 53%, 34% and 10% of A, B and C circumferential samples respectively. 
Similarly immunstaining showed a significant decrease in intensity from mid to the end graft portion and this 
corresponded with the loss of the epithelial layer. 

Pig-model: In the cryopreserved samples compared to control the epithelial cells were more compact and 
cuboid and the intercellular connections seemed to be weak. In the control tracheas, the ratio of epithelial layer 
and lamina propria–submucosa was 1:5, however, the ratio in the cryopreserved samples was 1:12. The reason 
was the extremely loose sub-mucosal connective tissue (Figure 1). The tracheal cartilage was intact in all sam-
ples. Totally intact circumferential epithelium was found in 0/120 cases in Sample A, in 6/120 cases in Sample 
B and in 28/120 cases in Sample C. The inner circumference was 60.9 mm on average for all cases. From Sam-
ples A to Samples C, a significant decrease was seen in percentage of SG1 and a significant increase in percen-
tage of SG3 was found (Table 1, Figure 2). The number of MHC-II positive cells in the remaining epithelial 
layer showed a significant increase from the end to the midpart of the graft (Table 2). In the slides, the overall 
intensity of immune-staining decreased from the end to the midpart of grafts and the staining intensity of 
MHC-II positive cells was equal in all locations (Table 3). 
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Figure 1. (A) Pig’s trachea without cryopreservation (HE, 40×); (B) 
Pig’s trachea after cryopreservation (HE, 40×).                     

 

 
Figure 2. Pig’s trachea in sample A (A1—HE, 40×; A2—MHC-II 
specific antibody staining, 40×), B (B1—HE, 40×; B2—MHC-II 
specific antibody staining, 40×), C (C1—HE, 40×; C2—MHC-II spe-
cific antibody staining, 40×) and in controll sample (Contr 1—HE, 40×; 
Contr 2—MHC-II specific antibody staining, 40×).                     

4. Discussion 
The aim of this study was to examine the effect of cryopreservation on a 5 cm long animal trachea segment and 
its changes of antigenicity. Our results verified desepithelisation at the ends of the trachea, but quite normal epi- 
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Table 1. Changes in quality of epithelial layer in percentage of inner perimeter in samples (Chi-square-test).                 

Percentage of intact epithelial layer (SG1) in samples 

 mean SD p-value 

Sample A 38.43 27.8  

Sample B 39.84 31.14 A vs B: 0.722 

Sample C 54.85 36.88 A vs C: 0.0003 
B vs C: 0.0019 

Percentage of epithelial layer with a loose sub-mucosa but without mucosa (SG2) 

Sample A 19.29 16.23  

Sample B 22.99 18.22 A vs B: 0.1452 

Sample C 15.8 20.28 A vs C: 0.1894 
B vs C: 0.0145 

Percentage of naked peri-chondrium without a visible sub-mucosal layer (SG3) 

Sample A 42.01 29.19  

Sample B 37.41 30.08 A vs B: 0.2451 

Sample C 29.35 30.93 A vs C: 0.0031 
B vs C: 0.0145 

 
Table 2. Mean number of MCH-II positive cells in the remaining epithelial layer in samples (Kruskal-Wallis test).          

Mean number of MHC-II positive cells in the remining epithelial layer in samples 

 mean SD p-value 

Sample A 14.7 5.73 

A vs B vs C: <0.0001 Sample B 28.2 5.16 

Sample C 41 4.24 

 
Table 3. Mean intensity of MCH-II specific antibody staining in samples (Kruskal-Wallis test).                           

Mean intensity of immunostaining in samples 

 mean p-value 

Sample A 1.64 

A vs B vs C: 0.6977 Sample B 1.95 

Sample C 1.75 

 
thelium in the midpart of the graft after cryopreservation. The thickness of the epithelial layer and the number of 
immunstained epithelial cells decreased at the specimen ends. However, the intensity of epithelial cell im-
mune-staining showed no difference in samples. It means the total number of epithelial cells decrease from the 
ends to the midpart of the graft, but cryopreservation does not directly influence the MHC-II antigen in the re-
maining epithelial cells. We hypothize that cryopreservation damaged the visible remaining epithelial cells (the 
cell’s morphology altered as mentioned above), but an effective decrease of antigenicity requires the lack of ep-
ithelial cells. 

Our intention is to find an alternative for short segment esophageal replacement, when the conventional or-
gans (stomach, jejunum, large intestine) are not feasible for replacement. Various methods have been evaluated 
for replacement, with questionable results to date [4]-[9]. In a previous canine investigation a 5-cm-long eso-
phageal segment was successfully replaced using a tracheal allograft [1]. In organ transplantation the main pro- 
blem is organ-rejection. The MHC-II antigen presenting cells are located on the dendritic cells, phagocytes, lym- 
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phocytes and on some endothelial cells also. This endothelial presentation is responsible for acute and chronic 
rejection of grafts [10] [11]. Rossi et al. verified MHC-II antigens on the inner epithelial layer of the trachea 
[12]. This antigen is suggested as the main reason for tracheal antigenicity [13]. Researchers have shown that 
cryopreservation will reduce the number of MHC-II antigens and antigenicity of the trachea [3]. To avoid graft- 
versus-host reaction the tracheal grafts were cryopreserved for 21 days in liquid nitrogen prior to implantation. 
We believed our success was based on cryopreservation creating desquamation of the inner epithelial layer and 
decreasing its antigenicity. As a next step we investigated the human trachea: whole thinkness 1cm2 human tra-
chea samples were removed at tracheostomy and cryopreserved. The results were contrary to our expectations, 
the cryoprecipitation did not cause any desquamation of the epithelial layer. 

Our results account for the success of esophageal replacement in a canine model using a tracheal graft or the 
lack of success on examination of human tracheal samples. Cryopreservation of a tubular trachea specimen 
damages the epithelial layer, however, the main effect is retraction of epithelium from the ends to the midpart, 
and neo-vascularisation of a transplanted trachea starts at the ends of the segment [14]. At the time of regenera-
tion the recipient-like epithelium is not in contact with the donor epithelium because of retraction. Later, when 
neo-epithelisation is complete the donor-like epithelium in the midpart desquamated because of relative tissue 
hypoxia. That is why we had no graft rejection after trachea transplantation. In addition the 5 cm transplantable 
tracheal sample is not only the maximum [15], but the optimal length. However, our results are not species-spe- 
cific, we found the same in canine and pig specimens as well. 

Esophageal replacement using extraintestinal materials is challenging. A stem-cell-based, tissue engineered 
successful tracheal transplantation was published in 2012 [16]. The result was promising, however, the method 
was complicated. Our results are based on an easier method. We plan to collect and examine 5-cm-long human 
tracheal samples from organ donors. If we have the same results, a donor-tissue bank will be created, to replace 
small esophageal segment gaps in selected cases. 
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