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Abstract 

Objective: To investigate the pathogenesis of one of the most troublesome conditions 

following ear surgery, a middle-ear cavity problem. 

 

Methods: Keratinocyte growth factor (KGF) and its receptor (KGFR), the ratio of 

proliferating epithelial cells using Ki-67, and the extent of infiltration of B cells and T 

cells were examined immunohistochemically in 10 ears with a cavity problem, 70 ears 

with cholesteatoma and 8 ears with normal skin at the retroauricular incision. 

 

Results: KGF was positive in 40% of cavity problem specimens, 37.5% of normal 

skin specimens, and was positive in 88% of cholesteatoma specimens (cavity problem 

versus cholesteatoma, p=0.0004). The positive rate of KGFR in the cavity problem 

group (33.8%) was between those in cholesteatoma (60%) and normal skin (0%). In 

contrast to the cholesteatoma specimens, a significantly smaller number of Ki-67 

labeling index (LI) was detected in the cavity problem specimens. B cell LI was 

significantly higher but T cell LI was significantly lower in the cavity problem 

specimens than in the cholesteatoma group. 

 

Conclusions: Our present study indicated that the discordance of paracrine action 

between stromal KGF and epithelial KGFR with a large number of infiltrating B cells 

may play an important role in the pathogenesis of a cavity problem. 
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Introduction 

The ultimate goal of cholesteatoma surgery is the complete eradication of the 

disease for the health and safety of the middle ear. Over the years, this has been 

achieved consistently though a canal-wall-down, open-cavity tympanomastoidectomy 

[1].  However, despite competent surgical techniques and careful revision of the 

cavity, many patients continue to have postsurgical ear problems, such as discharge 

[2].  The so-called “cavity problem” is likely exhibited by a small meatus, behind 

which can be found a high facial ridge, partially removed posterior and superior canal 

walls, a partially removed lateral attic wall, a deep mastoid tip cavity, no tympanic 

membrane or a tympanic membrane perforation, chronically diseased mucosa, and 

active mucopurulent dranage [3].  Mastoid obliteration using various materials has 

been described [4 - 7] to achieve drying of the mastoid, but troublesome granulation 

often developed even over the newly-formed canal wall [8]. Presently, a cavity 

problem that continues to involve persistent otorrhea and granulation may possibly be 

an after-effect of mastoid surgery. 

Keratinocyte growth factor (KGF) is a mesenchymal-cell-derived paracrine 

growth factor that specifically stimulates epithelial cell growth. It is supposed to be 

secreted from fibroblasts mainly in the stroma and bind to KGF receptor (KGFR), 

which has been detected only on the surface of epithelial cells [9, 10]. Werner et al. 

[11] showed KGF was expressed in normal skin and was induced upon injury. 

Furthermore, they indicated that KGF was predominantly expressed in stromal cells 

below and at the edge of the wound, and that KGFR was detected in the epidermis 

[11]. They concluded that a KGF-mediated paracrine interaction may be important for 



 

the migration and proliferation of epidermal keratinocytes seen during wound healing 

[11].  Staiano-Coico et al. [12] also indicated that KGF had marked effects on the 

epithelialization and healing of wounds. 

In the previous study, focused on KGF, we demonstrated that co-expression of 

KGF and KGFR seemed to induce the proliferation of epithelial cells in the primary 

cholsteatomatous chronic otitis media (COM) as well as in its recurrence [13, 14].  In 

conclusion, we suggested the possibility that co-expression of KGF and KGFR plays 

an important role in the transitional stage from non-cholesteatomatous COM to 

cholesteatoma [15].   

We believe that, in order to know the pathogenesis of the cavity problem, e.g. 

whether it is a proliferative or defective lesion in wound healing for its prevention and 

treatment, comparative analysis of KGF and KGFR between the cavity problem and 

cholesteatoma seems important. But, to the best of our knowledge this has not been 

thoroughly studied yet. One of the aims of this study was to compare the activity of 

KGF and KGFR and investigate the difference between them in proliferative activity 

by Ki-67. 

In previous studies, both the cholesteatoma and COM specimens appeared to 

contain a predominant population of chronic inflammatory cells, including 

lymphocytes, monocytes, and plasma cells [16, 17, 18]. No clear pathologic difference 

was demonstrated between these entities. However, we indicated that T lymphocytes, 

usually predominant during the acute inflammatory process, were thought to produce 

several cytokines that enhance the proliferation of epithelial cells in cholesteatoma [13, 



 

15]. On the other hand, B cells produce antibodies in damaged tissues, and are 

engaged in the process of wound healing [19] and some chronic inflammatory 

diseases [20, 21, 22]. In this study, we also investigated the difference in the 

population of B and T lymphocytes between a cavity problem and cholesteatoma. 



 

Material and Methods 

Patients and Specimen Harvest 

We performed a retrospective study. The subjects in the study were 80 patients 

(80 ears) who underwent ear surgery at the Department of Otolaryngology—Head and 

Neck Surgery, Nagasaki University Hospital between February 1998 and March 2010 

(Table 1).  We first chose patients who had a history of mastoid surgery for chronic 

ear disease with or without cholesteatoma, and then carefully confirmed the diagnosis 

with a pathologist. We then selected cases who presented with a cavity problem or 

cholesteatoma. Study subjects consisted of 10 patients (4 males and 6 females) with a 

cavity problem (10 ears) and 70 patients (40 males and 30 females) with 

cholesteatoma (70 ears). In 8 ears (4 male and 4 female) of the 70 study subjects with 

cholesteatoma, a small piece of normal skin was harvested during surgery.  Seven of 

the 10 cavity problem cases had undergone previous surgery because of cholesteatoma, 

and 3 cases had undergone a previous surgery due to non-cholesteatomatous chronic 

otitis media.  All of the cavity problem cases were experiencing discharge and 

granulation at the time of surgery.  According to the pathologist, all of the cases in 

the cholesteatoma group were diagnosed with otitis media and cholesteatoma. Four 

cavity problem cases were diagnosed with chronic inflammation; one cavity problem 

case was diagnosed with severe inflammation and 5 cavity problem cases were 

diagnosed with granulation tissue.  The age of the patients ranged from 27 to 71 

years (average: 52 years) and from 2 to 85 years (average: 42 years) in the cavity 

problem and cholesteatoma groups, respectively.  In the cholesteatoma group, 

specimens were harvested from the site that contained both epithelium and connective 



 

tissues that were in a matrix with connective tissues in the cholesteatoma.  In the 

cavity problem patients, granulation tissue was harvested with the surrounding 

epithelium, to the extent possible.  We harvested epithelial lesions with the 

connective tissues, and troublesome granulation tissues even developed over the 

newly-formed canal wall in the cavity problem specimens as possible.  As a control, 

a small piece of normal skin was used.  It was impossible to collect a normal skin 

specimen in the cavity problem group because only granulation tissue was removed 

with the surrounding epithelium.  So, a small piece of normal skin was collected 

either from the cartilaginous portion of the external ear canal or from the edge of a 

retroauricular incision in 8 cholesteatoma patients.   

The study protocol was approved by the Human Ethics Review Committee of 

Nagasaki University School of Medicine and signed informed consent was obtained 

from all the patients or their guardians for this study. 

 

Tissue Preparation  

All specimens of the cholesteatoma, cavity problem, and normal skin were 

used for enzyme immunohistochemistry. Each of the specimens was fixed overnight 

in 10% buffered formalin at room temperature (RT) and was embedded in paraffin. 

Serial sections were cut at 4 μm thickness and were then placed onto 

3-aminopropyltriethoxysilane-coated glass slides (Dako, Tokyo, Japan). Adjacent 

sections were stained with hematoxylin and eosin, and were processed for 

immunohistochemical analysis of KGF, KGFR, Ki-67, CD20cy, and CD45R0. 

 



 

Biochemicals and chemicals  

3, 3'-diaminobenzidine-4HCl (DAB) was purchased from Dojin Chemical Co. 

(Kumamoto, Japan). Bovine serum albumin (BSA, minimum 98 %), Brij 35 and 

Triton X-100 were purchased from Sigma Chemical Co. (St. Louis, MO). All other 

reagents used in this study were purchased from Wako Pure Chemicals (Osaka, Japan) 

and were of analytical grade. 

 

Immunohistochemistry for KGF and KGFR  

Enzyme immunohistochemistry was performed to examine the expression of 

KGF and KGFR in tissue sections.  Polyclonal antibodies against KGF and KGFR 

were prepared by immunization of rabbits against synthetic peptides in cooperation 

with Nichirei Co. (Tokyo, Japan).  Sections of 69 cholesteatoma specimens, 10 

cavity problem specimens and 8 normal skin specimens were used for KGF staining.  

Sections of 62 cholesteatoma specimens, 9 cavity problem specimens, and 8 normal 

skin specimens were used for KGFR staining.  Paraffin sections were deparaffinized 

with toluene and rehydrated by serially-graded ethanol solutions.  For KGFR 

detection, the slides were pretreated with 0.2% Triton X-100 in phosphate buffered 

saline (PBS) for 15 min at RT.  After inactivation of endogenous peroxidase activity 

with 0.3% H2O2 in methanol, the sections were preincubated with 500 μg/ml normal 

goat IgG (Sigma) and 1% bovine serum albumin (Sigma) in PBS for one hour to block 

nonspecific reaction with the first antibody.  Then, the sections were incubated 

overnight with the first antibody at 0.5 μg/ml anti-KGF antibody or 8,000-fold 

dilution of anti-KGFR antisera, washed three times with 0.075% Brij 35 in PBS, and 



 

reacted with horseradish peroxidase (HRP)-goat anti-rabbit IgG (Medical & 

Biological Laboratories Co., Nagoya, Japan) for one hour.  After the slides were 

washed with 0.075% Brij 35 in PBS, HRP sites were visualized with 3, 

3'-diaminobenzidine-4HCl (DAB), Ni, Co and H2O2 according to the method of 

Adams [23].  For negative control, normal rabbit IgG (Sigma) or normal rabbit 

serum (Sigma) was used instead of the first antibodies, respectively, in every 

experiment. The specimen with KGF-positive cells was KGF-positive case and the 

specimen without KGF-positive cells was KGF-negative case.  The specimen with 

KGFR-positive cells was KGFR-positive case and the specimen without 

KGFR-positive cells was KGFR-negative case. 

 

Identification of Proliferating Cells 

The nuclear antigen associated with cell proliferation was 

immunohistochemically detected using anti-Ki-67 antibody (Immunotech, Marseille, 

France).  Sections of 62 cholesteatoma specimens, 9 cavity problem specimens, and 

8 normal skin specimens were used for Ki-67 staining.  For this purpose, sections 

were first deparaffinized, then the slides autoclaved in 10 mM citrate buffer (pH 6.0) 

for 15 minutes at 120°C, according to the protocol described by Ehara et al. [24] and 

processed in a manner similar to that described above, except for the concentration of 

anti-Ki-67 antibody (1:100) and the use of HRP-goat anti-mouse IgG (Chemicon 

International, Inc, Temecula, CA) (1:100) as a second antibody.  As a negative 

control, some sections were incubated with normal mouse IgG (Sigma) instead of 

anti-Ki-67 antibody. 



 

Identification of the type of lymphocytes 

To identify the type of lymphocytes, we carried out immuno-stainings for various cell 

surface markers in the sections of 10 specimens of cavity problem.  Sections were 

reacted with surface markers such as anti-CD45R0 (Dako) and anti-CD20cy antibody 

(Dako).  A mouse monoclonal antibody against CD45R0 was used to identify 

activated T lymphocytes [25]; a mouse monoclonal antibody against CD20cy was 

used to identify B lymphocytes [26].  After deparaffinization, the slides were 

immersed with PBS, while anti-CD45R0 (5.4 µg/ml) and anti-CD20cy antibodies(3.55 

µg/ml) were stained without any pretreatment. Then sections were stained by the same 

indirect immunohistochemistry described above. HRP-goat anti-mouse IgG (1:100) 

was used as the second antibody. As a negative control, some sections were incubated 

with normal mouse IgG instead of cell surface markers. 

 

Quantitative Analysis 

For quantitative analysis, more than 1,000 cells were counted in random fields 

at 400 × magnification under light microscopy and the number of Ki-67-positive cells 

was expressed as a percentage of positive cells per total number of counted cells 

[Ki-67 labeling index (LI); mean ± SD].  The staining intensities of KGF and KGFR 

were graded as (+) positive or (-) negative, compared to the background staining with 

normal rabbit IgG.  The numbers of CD20cy-positive and CD45R0-positive cells 

also were expressed as a percentage of positive cells per total number of counted cells, 

more than 1,000 cells were counted in random fields at 400 × magnification under the 

light microscopy [LI; mean ± SD]. 



 

Statistical Analysis 

The percentage of the specimens expressing KGF and KGFR was compared 

between the three groups for statistical significance using the Pearson’s chi-square test. 

The LI of Ki-67, CD20cy, and CD45R0 were expressed as mean ± SD. Differences in 

LIs of Ki-67, CD20cy, and CD45R0 between each of the two groups were examined 

for statistical significance using the unpaired Student’s t test. A P value less than 0.01 

denoted the presence of a statistically significant difference. All analyses were 

performed with statistical software packages (JMP, version 8.0.2; SAS Institute Inc., 

Cary, NC, USA). 



 

Results 

In 4 out of 10 cavity problem specimens (40%), positive staining for KGF was 

detected in some stromal cells (KGF-positive specimen, Fig. 1Aa), while KGF 

staining was not detected anywhere in any slice in the remaining 6 specimens (60%, 

KGF-negative specimen). KGFR was detected in a small number of epithelial cells in 

3 of 9 specimens (33%, KGFR-positive case, Fig. 1Ab).  Whereas, in the 

cholesteatoma group, 61 of 69 specimens (88.4%) (one cholesteatoma specimen 

without subepithelial tissue was not used for analysis) were KGF-positive, where the 

stromal cells, which were mostly infiltrating lymphocytes and fibroblasts, were KGF 

positive (Fig. 1Ba).  KGFR was detected in 37 out of 62 specimens (59.7%, 

KGFR-positive case) (8 cholesteatoma specimens without epithelium were not used 

for analysis), and was predominantly found in the cells of the spinous layer and also in 

some basal and granular cells in cholesteatoma epithelium. The staining was 

exclusively localized to the plasma membrane (Fig. 1Bb).  In 3 of the 8 normal skin 

specimens (37.5%), KGF was detected in a few stromal fibroblasts (KGF-positive, Fig. 

1Ca) and KGFR was scarcely found in epithelial cells (KGFR-negative, Fig. 1Cb). In 

addition, when the sections were reacted with preimmune normal rabbit serum instead 

of the first antibody, no staining was found (data not shown). 

The percentage of KGF-positive specimens in the cavity problem group was 

the same as that of normal skin (40.0% vs. 37.5%, table 1, Fig. 2). The percentage of 

KGF-positive specimens was significantly higher in the cholesteatoma group than in 

other cases (88.4%, p =0.0004, Pearson’s chi-square test, table 1, Fig. 2). The 

incidence of KGFR-positive specimens was higher in the cavity problem group than in 



 

normal skin (33.3% vs. 0%, p=0.0719, Pearson’s chi-square test, table 1, Fig. 2), but 

was lower than that in the cholesteatoma group (33.3% vs. 59.7%, p=0.1365, 

Pearson’s chi-square test, table 1, Fig. 2). 

In specimens of the cavity problem group and in normal skin, some 

Ki-67-positive cells were found mainly in the basal layer of the epithelium (Fig. 1Ac, 

1Cc). On the other hand, in specimens from the cholesteatoma group, Ki-67-positive 

cells were found mainly in the suprabasal and upper layers (Fig. 1Bc). In addition, 

when the sections were reacted with preimmune normal mouse IgG instead of the first 

antibody, no staining was found (data not shown).  In cholesteatoma tissues, 

Ki-67-positive cells were found in the suprabasal and upper layers of the epithelium, 

which almost corresponded to KGFR-positive layers (data not shown).  The Ki-67 LI 

was significantly lower in the cavity problem group than in the cholesteatoma group 

(3.1 ± 5.9 % vs. 41.5 ± 21.5 %, t=2.00, p<0.0001, Student's t-test, Table 1, Fig. 3), 

indicating that the proliferative activity is lower in the cavity problem group than in 

the cholesteatoma group. 

In the specimens of the cavity problem group, CD20cy-positive cells were found 

in the stroma (Fig. 4A), and the CD20cy LI was significantly higher in the cavity 

problem group than in the cholesteatoma group (9.5±10.8 % vs. 46.9±20.1 %, 

p<0.0001, Student's t-test, Fig. 5). On the other hand, CD45R0-positive cells were 

detected in the stroma of cavity problem specimens (Fig.4B) and the LI of 

CD45R0-positive cells was significantly lower in cavity problem group than in 

cholesteatoma group (21.0±10.6 % vs. 43.5±25.1%, p=0.0066 Student's t-test, Fig. 5). 



 

Discussion 

In the present study, we found that both expression and population of KGF were 

less in the cavity problem group than in the cholesteatoma group. The percentage of 

KGF-positive cases was almost the same as that of normal skin. On the other hand, the 

percentage of KGFR expression in the cavity problem group took a middle position 

between those in the cholesteatoma group and normal skin. These results suggest that 

the discordance of a paracrine action between stromal KGF and epithelial KGFR may 

be involved in the pathogenesis of a cavity problem, leading to blockage of the 

migration particularly in its active proliferative stage. In fact, the value of Ki-67 LI in 

epithelial cells in the cavity problem group was noted to be significantly lower than 

that in the cholesteatoma group and similar to that of normal skin.   

As seen in the present results, co-expression of stromal KGF and epithelial 

KGFR was observed in many cholesteatoma cases, and the Ki-67 LI was higher in 

KGF and KGFR co-expression cases than in those without co-expression cases (12.7 

± 7.7% vs. 4.0 ± 4.9%; p<0.01) [13].  These results indicated that the paracrine 

action between KGF and KGFR may play an important role in the pathogenesis of 

cholesteatoma.  On the other hand, co-expression of stromal KGF and epithelial 

KGFR was observed only in a few cavity problem cases (20%: 2/10) (data not shown). 

And also, among the cavity problem group, the Ki-67 LI was almost the same 

between in those with KGF and KGFR co-expression cases and in those without 

co-expression cases (5.2 ± 5.4 vs. 2.6 ± 8.5).  These results also suggested a 

possibility that the discordance of a paracrine action between stromal KGF and 

epithelial KGFR may be involved in the pathogenesis of cavity problem. 



 

A predominant population of chronic inflammatory cells infiltration, including 

lymphocytes, monocytes, and plasma cells, has been observed both in cholesteatoma 

and non-cholesteatomatous COM specimens in the previous study [16, 17, 18].  

Among these inflammatory cells, T lymphocyte infiltration in the stroma and 

epithelium was corresponded well with KGF expression both in cholesteatoma and 

non-cholesteatomatous COM in our previous study [15].  In this study, we detected 

that CD45R0 LI was significantly lower in cavity problem cases than in 

cholesteatoma cases [15].  On the other hand, we also found that CD20cy-positive 

cells were rare both in the specimens of the cholesteatoma and non-cholesteatomatous 

COM group [15]. In the present study, we found that CD20cy LI was significantly 

higher in cavity problem cases than in cholesteatoma cases [15].  These results may 

point to the following two possibilities.  First, the small number of infiltrating T cells 

might be correlated with lower expression of KGF, leading to impairment of 

epithelization and the development of troublesome granulation as seen in the cavity 

problem specimens. In fact, we were able to detect a highly positive correlation 

between the degree of inflammation expressed as T cell LI, and the levels of KGF 

expression both in non-cholesteatomatous and cholestetomatous COM specimens, and 

concluded that infiltrating T lymphocytes producing KGF may enhance the 

proliferative activity of epithelial cells in the COM and may facilitate cholesteatoma 

formation [15].  Second, a large number of infiltrating B cells might be related with 

the pathogenesis of the cavity problem. B cells produce antibodies to damaged tissues, 

and are engaged in the process of wound healing [19].  As in recent observations, 

chronic inflammatory diseases such as the inflammatory bowel diseases and 



 

rheumatoid arthritis are characterized by a local accumulation of activated B cells [20, 

21, 22]. Various mechanisms by which B cells are involved in the induction and 

maintenances of chronic inflammatory disease have been intensively investigated. As 

a result, it was shown that the CD20-positive B cells play roles in T-cell activation via 

antigen presentation, secretion of proinflammatory cytokines, and production of 

self-reactive antibodies [27, 28, 29, 30]. Anti-CD20 mAb rituximab is used to 

appreciate the various functions of B cells in the treatment of chronic inflammatory 

diseases [31].  So, in the cavity problem cases infiltrating B cells may play a role in 

granulation tissue formation. 

 

Conclusion 

From the present study, it was suggested that, in terms of the activities of 

cytokines such as KGF and KGFR, the pathogenesis of the cavity problem may be at a 

different position to that of cholesteatoma, and related in discordance rather than 

coordination of KGF and KGFR. It also might be caused by local imbalance of the 

proportion of T and B lymphocytes. The present findings are expected to be of some 

help in obtaining a clue to solve this intractable pathological condition. 
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Table 1. Positive rate of KGF, KGFR and mean of Ki-67 LI, CD20cy, CD45R0 in 

cavity problem, cholesteatoma and normal skin specimens 

 

 
Number 

(Male/Female) 

Age 

(Yr) 

Ki-67 LI 

KGF-Positive

 Cases (%) 

KGFR-Positive 

 Cases (%) 

CD20cy LI CD45R0 LI

Cavity Problem 10 (6/4) 52 3.1 + 5.9 4/10 (40.0) 3/9 (33.3) 46.9±20.1 21.0±10.6 

Cholesteatoma 70 (40/30) 42 41.5 + 21.5 61/69 (88.4) 37/62 (59.7) 9.5±10.8 43.5±25.1 

Normal Skin 8 (4/4) 49 0.7 + 0.4 5/8 (37.5) 0/7 (0)    

 



 

Figure Legend  

 

Figure 1. 

Aa-Ac: Immunohistochemical detections in paraffin sections of a cavity problem 

specimen. Aa, Immunohistochemistry using anti-KGF antibody. Staining for KGF 

was detected in some stromal cells. Ab, Immunohistochemistry using anti-KGFR 

serum. KGFR was weakly detected in the epithelium. Ac, A small number of 

Ki-67-positive cells in basal and spinous layers of the epithelium. Arrows: positive 

cells. 

Ba-Bc: Immunohistochemical detections in paraffin sections of a cholesteatoma 

specimen. Ba, Immunohistochemistry using anti-KGF antibody. Intense staining for 

KGF was detected in many stromal cells.  Bb, Immunohistochemistry using 

anti-KGFR serum. KGFR-positive cells were predominantly detected in the basal, 

spinous, and granular layers of the epithelium. KGFR-positive cells were almost 

correspondent to Ki-67-positive cells.  Bc, Ki-67-positive cells in the suprabasal and 

upper layers of the epithelial lesion.  Arrows: positive cells, Asterisks: positive layers.  

(reproduced with modification with permission from T. Yamamoto-Fukuda et al. [15]) 

Ca-Cc: Immunohistochemical detections in paraffin sections of normal skin.  Ca, 

Immunohistochemistry using anti-KGF antibody.  KGF-positive cells are detected in 

few stromal cells.  Cb, KGFR-positive cells are scarcely found except for weak 

staining within hair follicles (arrows).  Cc, Ki-67-positive cells are detected in the 

basal layer.  Arrows: positive cells, magnification 350x.  (reproduced with 

modification, with permission from T. Yamamoto-Fukuda et al. [13]) 



 

Figure 2. 

Positive rates of KGF and KGFR expression in cavity problem, cholesteatoma and 

normal skin specimens. Black bars indicate KGF-positive cases and white bars 

indicate KGFR-positive cases. *: p = 0.0004, **: p = 0.0719, ***: p = 0.1365. 

 

Figure 3. 

Ki-67 labeling index (LI) in cavity problem, cholesteatoma and normal skin 

specimens. Data are mean + SD.  *: P<0.0001. 

 

Figure 4. 

Immunohistochemical detections of CD20cy and CD45R0 in serial sections of a 

cavity problem specimen.  A, Immunohistochemistry using anti-CD20cy antibody.  

B, Immunohistochemistry using anti-CD45R0 antibody.  C, The section was reacted 

with normal mouse IgG instead of the first antibody as a negative control and no 

staining was found. 

Arrows: positive cells. 

 

Figure 5. 

LI of CD20cy and CD45R0 in cavity problem and cholesteatoma specimens. The 

cholesteatoma data were reproduced with modification, with permission from T. 

Yamamoto-Fukuda et al. [15].  Data are mean + SD.  *: P<0.0001, **: P=0.0066. 
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