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Abstract: Recent advances suggest the fallopian tube as the main anatomic site for high-grade ovarian or pelvic se-
rous carcinoma (O/PSC). Many studies on the biologic role of tubal secretory cells in O/PSC development has been 
performed in the last decade. However, the role of tubal ciliated cells in this regard has rarely been explored. The 
purpose of this study was to determine if the change of the tubal ciliated cells is associated with serous neoplasia 
within the female pelvis. This study included 3 groups (low-risk or benign control, high-risk, and O/PSC) of patients 
and they were age-matched. Age of patients ranged from 20 to 85 and the age-associated data was stratified by 10-
year intervals. The number of tubal ciliated cells was determined by microscopy and by tubulin immunohistochemi-
cal staining. The data was then professionally analyzed. The results showed that the absolute number of tubal cili-
ated cells decreased significantly with age within each age group. A reduction in ciliated cell counts within the tubal 
segments remained a significant risk factor for the development of serous cancers within the female pelvis after age 
adjustment. A dramatic decrease of tubal ciliated cells was identified in patients with high-risk and with O/PSC com-
pared to those in the benign control or low-risk group (P < 0.001). Further, within the tubal fimbria, the number of 
ciliated cells reduction was more prominent in the high-risk group when compared to those of O/PSC patients. Our 
findings suggest that a decreased number of ciliated cells within women’s fallopian tubes represents another histo-
logic hallmark for early serous carcinogenesis. There is a relationship between loss of tubal ciliated cells and aging, 
the presence of high-risk factors for tubal-ovarian cancer, and co-existing O/PSCs. This represents an initial study 
identifying the role of tubal ciliated cells in the development of high-grade serous carcinoma in women’e pelvis. 
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Introduction 

Ovarian cancer is one of the most lethal malig-
nancies, with over 20,000 new cases and ab- 
out 14,000 associated deaths every year [1]. 
Epithelial ovarian cancer is the most prevalent 
subtype, accounting for about 80% to 90% of 
cases. Among epithelial ovarian cancers, se- 
rous carcinomas (OSCs) are the most common 
subtypes (~70%), followed by mucinous, endo-
metrioid, and clear cell carcinomas [2, 3]. His- 

tologically, OSCs can be classified into two gr- 
oups: high-grade serous carcinomas (HGSCs) 
and low-grade serous carcinomas (LGSCs). 
HGSCs account for about 90% of OSCs and 
account for approximately 70% of all ovarian 
cancer-related deaths. These cancers typical- 
ly present as metastasis, involving pelvic and 
upper abdominal organs. Unclear etiology and 
lack of effective early detection methods for 
HGSC remain the major obstacles to curing this 
disease [2].
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The concept of HGSC includes primary sites of 
the ovary, fallopian tube, and peritoneal cavity. 
By general convention, they are usually lumped 
into the ovarian or pelvic serous carcinoma (O/
PSC) category. Formerly, O/PSCs were thought 
to originate from ovarian surface epithelial cells 
[4]. Nevertheless, recent advances suggest 
that the precancerous lesions of O/PSC might 
commonly originate from the fallopian tube, 
rather than from the ovary or peritoneal sur-
face, therefore a term of tubal-ovarian cancer 
has been proposed [2, 5-12]. Within the fallo-
pian tubal mucosa, there are two major mor-
phologically cell types, ciliated and secretory 
cells. It is commonly believed that the secretory 
cells of the fallopian tube serve as the cells of 
origin for the majority of O/PSCs [2, 5, 6, 13, 
14]. However, debates about the cell of origin 
remain.

Detailed histopathological examination of the 
resected ovaries and fallopian tubes in BRCA 
mutation carriers has led to the research focus 
of ovarian serous carcinogenesis on the fallo-
pian tube. Precancerous or precursor lesions 
including secretory cell expansion (SCE), secre-
tory cell outgrowth (SCOUT), p53 signatures, 
serous tubal intraepithelial carcinoma (STIC), 
and serous tubal intraepithelial lesions (STIL) 
are almost all present in the distal portion of 
the fallopian tube, but not in the ovary. Most of 
the above precursor lesions mainly consist of 
tubal secretory cells rather than ciliated cells. 
Findings from morphological and molecular 
studies including those genetically engineered 
mouse models suggest that tubal secretory 
cells from the fimbriated end are likely to be the 
cell of origin for HGSC [2, 11, 15-27]. The above 
studies identified multistep accumulation of 
molecular and genetic alterations in morpho-
logically recognizable pre-neoplastic and neo-
plastic lesions. A stepwise progression model 
of tubal serous carcinogenesis suggests that 
HGSC develops from tubal epithelia to precur-
sor lesions to carcinoma with the sequence of 
SCE -> SCOUT -> p53 signature -> STIC -> HGSC 
[25]. However, this pathogenesis model does 
not explain why many disseminated HGSC cas- 
es do not exhibit precursor lesions within the 
fallopian tube, and instead present mainly in 
the ovary and peritoneal cavity. More recently, 
a new concept of early serous proliferations 
(ESP) in the fallopian tube with “precursor es- 
cape” was proposed [28]. ESPs consist of low-

proliferative tubal cell groups and some of th- 
em with aberrant p53 expression phenotype. 
Although the concept of precursor escape pro-
vided a rationale to explain the phenomenon of 
no serous precursor lesions found in the major-
ity of advanced stages of HGSCs, it remains to 
be accepted due to lacking solid scientific evi-
dence to support. All the above studies seem  
to focus on the tubal secretory cells and the 
tubal ciliated cells have been bypassed for a 
long time albeit they are similarly located in the 
tubal mucosae.  

The physical and functional alterations of tubal 
ciliated cells in the relationship of the develop-
ment of O/PSC are largely unknown. Recently, 
we used single-cell sequencing approaching to 
address the roles of tubal epithelial cells in the 
process of O/PSC development, we surprisingly 
found that the tubal ciliated cells have stem-
cell-like nature and many other unexpected 
findings (manuscript in preparation), further 
indicating there are many undiscovered biolog-
ic functions and mechanisms of the tubal cili-
ated cells. This study aimed to determine if the 
O/PSC precursor model could be further scruti-
nized through the study of physiological chang-
es of the number of tubal ciliated cells in the 
fallopian tube. The current study addressed the 
following questions: 1) What are the overall 
change of tubal ciliated cell numbers within the 
different tubal segments and their relationship 
with patients’ age? 2) What is the extent of the 
number of ciliated cellular changes in patients 
with a high-risk compared to those in normal or 
low-risk controls as well as to patients with O/
PSC? 3) Whether these cellular changes are 
independent of the aging process? and 4) If the 
changed number of tubal ciliated cells observed 
within the fallopian tube may represent an early 
biomarker for the risk of O/PSC development. 

Materials and methods

Case collection

A total of 240 cases of fallopian tubes, which 
were surgically removed from 2007 to 2015 
were identified from pathology files of University 
of Arizona Medical Center in Tucson, Arizona. 
The study was approved by the institutional 
review board. Cases were divided into three 
groups of patients: low-risk (n=120), high-risk 
(n=60), and patients with O/PSC (n=60). Low-
risk patients served as the control group and 
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consisted of those patients post hysterecto-
mies and salpingectomies performed for be- 
nign disease (leiomyomata, adenomyosis, ovar-
ian benign cysts including endometriosis, or 
uterine prolapse, etc). Controls were further 
divided into age groups to determine the nor-
mal distribution of tubal ciliated and secretory 
cells. High-risk patients were those with either 
BRCA1/2 mutations (n=32), history of breast 
cancer (n=20), or first-degree family history of 
ovarian cancer (n=8). Typically, these patients 
underwent prophylactic bilateral salpingo-oo- 
phorectomy prior to noticeable disease devel-
opment. The median and mean interval bet- 
ween previous breast cancer and prophylactic 
bilateral salpingo-oophorectomy were 78 and 
85 months, respectively. The 60 O/PSC pati- 
ents represented FIGO stage 2 (n=6), stage 3 
(n=49) and stage 4 (n=5). Based on clinico-
pathologic findings, the primary sites for the  
O/PSC cases included ovary (n=40), unilateral 
fallopian tube (n=14), and peritoneum (n=6). 
Fallopian tubal samples from patients with O/
PSC were either intact or with only serosal in- 
volvement by high-grade serous carcinoma. To 
avoid potential compounding factors, samples 
were excluded if tumors including serous tubal 
intraepithelial carcinoma involving tubal lumen 
or extensive tubal mucosa. The age of patients 
was matched among the three groups. The clin-
ical data related to three groups of patients are 
summarized in Table S1.

Tissue handling 

For benign controls, at least two representative 
sections of the fallopian tube, one from the 
ampulla (proximal) and the other from the fim-
bria, were submitted. Fallopian tubes from 
benign control cases were processed by em- 
bedding all fimbriated ends similar to cancer 
patients with additional representative 2 cro- 
ss-sections of the ampulla as described previ-
ously [5]. For patients with high-risk or O/PSC, 
the fallopian tube was examined by using the 
SEE-FIM protocol [29]. Among all sections, 2 
sections (one from fimbria and one from ampul-
la) from each case of the high-risk group were 
examined under the microscope. The tissues 
were fixed in 10% buffered formalin and pro-
cessed routinely for paraffin embedding. Fi- 
ve-micron sections for immunohistochemistry 
(IHC) were cut and placed on Super Plus slides 
(Fisher Scientific, Pittsburgh, PA) followed by a 

section of each specimen that was stained wi- 
th hematoxylin and eosin and examined micro-
scopically to confirm the diagnosis.  

Counting the number of ciliated cells in tubal 
mucosa

The ciliated cells of the fallopian tubal mucosa 
were readily identifiable under the light micros-
copy when cilia are present on the apical part 
of the cells, while the epithelial cells without 
cilia were assumed as secretory cells. None- 
theless, cilia sometimes could not be visible 
due to different plane orientations since tissue 
sections are random. The number of ciliated 
cells within the tubal fimbria and ampulla epi-
thelia were counted in the fallopian tube in 
each case and evaluated by 2 methods: light 
microscopy and IHC with tubulin (a marker for 
ciliated cells) and PAX8 (a marker for secretory 
cells) as described previously [23, 30]. After a 
defined area was selected under the micro-
scope, the absolute number of ciliated cells 
was derived from 3 different high power fields 
(400× magnification). Microscopically, the num-
ber of tubal epithelial cells ranged from 275 to 
500 with an average of 410 epithelial cells in 
each high power field. For the cases stained 
with tubulin, the number of ciliated cells was 
counted based on the cells with positive cilia  
on the cell apical border and the counting me- 
thod was the same as the routine microscope 
for HE slides. The percentage of the ciliated 
cells was calculated based on the total number 
of cells counted. The authors performing slide 
reviews were blinded as to the group status of 
the tubal sections.

Immunohistochemical analysis

For IHC analyses, 4-μm-thick sections were cut 
from formalin-fixed paraffin-embedded (FFPE) 
tissue blocks, deparaffinized in xylene, and th- 
en rehydrated through sequential washes of 
alcohol and distilled water. 

Tubulin and Pax-8 were detected using ready-
to-use monoclonal antibodies against tubulin 
and Pax-8 as previously described [23, 30]. 
PAX8 has been considered as a Mullerian epi-
thelial biomarker identifying tubal secretory, 
but not ciliated cells [5, 24, 31]. Alpha-tubulin 
identifies cellular surface cilia and is an appro-
priate marker to identify tubal ciliated cells [5, 
14, 32]. The slides were heated at 120°C for 5 
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min in 0.01 M citrate buffer (pH 6.0) before 
immunostaining. These slides were then incu-
bated with the above-mentioned antibodies for 
2 hours at room temperature. Antibody bind- 
ing was visualized via the EnVision+ Dual-link 
system and diaminobenzidine as a chromogen 
(Dako, CA, USA). The slides were countersta- 
ined with methyl green or hematoxylin and 
mounted.  

Benign tubal ligated sections from subjects 
without known risks for cancer were served as 
positive controls for the antibodies studied in 
this project. Negative controls were performed 
by replacing the primary antibody with nonim-
mune IgG. All slides were reviewed indepen-
dently by 2 professional pathologists (YiW or 
WL and WZ). The percentage of positive cells 
that showed dark brown nuclear or cilia stain-
ing was recorded. Only moderate or strong 
intensity of the IHC staining was considered as 
positive, while weak stains were considered as 
negative.

Data evaluation and statistical analysis

Two methods were used to evaluate the num-
ber of ciliated cells in the fallopian tubal mu- 
cosa. With the IHC stains or light microscopy 
methodology, an average number of the ciliated 
cells as well as the percentage of the ciliated 
cells within the tubal mucosa for each tubal 
segment was used for statistical analysis. The 
following parameters were calculated for the 
cases studied: 1) The number of ciliated cells 
and its distribution (fimbria vs ampulla) was cal-
culated by both tubulin stains and microscopy 
counting. The cellular numbers were arranged 
according to age organized in 10-year intervals; 
2) Comparisons of ciliated cells in ampulla and 
fimbria within the fallopian tubes among the 
three groups; 3) Comparisons of the percent-
age of positive hormone receptor expressions 
among the control and study groups; and 4) 
Evaluation if high-risk and/or O/PSC associa-
tions are independent of age for the number of 
ciliated cell changes.  

The data were analyzed by standard contingen-
cy table methods, nonparametric Mann-Whi- 
tney U-tests, and Spearman correlation analy-
sis using GraphPad Prism 7.0 for Windows 
(GraphPad Software, San Diego, CA, USA) and 
Stat View (SAS Institute, Cary, NC, USA) com-
puter package programs. All P values were two-
sided, and a value of P < 0.05 was considered 

statistically significant. To adjust for age differ-
ences and the varying numbers of sections or 
microscopic fields examined for each case, the 
data were calculated on the assumption that 
the number of ciliated cells in each case follows 
a Poisson distribution, which is commonly used 
to model count data, with an offset term used 
to account for the microscopic fields examined. 
For comparisons with patients’ age, the age 
data were stratified into 10-year intervals rang-
ing from 20-29 to older than 80.  

Results 

As age increased, the number of ciliated cells 
decreased

A total of 240 patients’ fallopian tube speci-
mens, divided into 10 groups based on age (ie 
20-29, 30-39, … and > 80) were studied. These 
included benign or low risk (n=120), high-risk 
(n=60) and O/PSC (n=60).  

Overall, there was a significantly decreased 
number of ciliated cells in the fallopian tube 
with increasing age in the cases studied. 
Compared with the age 20-29 group, which 
contained an average of 258 ciliated cells/HPF 
in fimbria and 260/HPF in the ampulla, the 
average number of ciliated cells decreased 
95% and 82% with an average number of cili-
ated cells of 15/HPF in fimbria and 48/HPF in 
the ampulla, respectively at the age group of  
> 80 years. There was a clear trend that the 
number of ciliated cells decreases as a func-
tion of age in both fimbria and ampulla seg-
ments (P < 0.001) and the significant reducti- 
on of the ciliated cells starting from age of 30 
years old (Figure 1A and 1B). Compared with 
the ampulla region, the number of ciliated cells 
in fimbria further decreased significantly start-
ing from the age of 40 years old. The detailed 
data are summarized in Table S2 and visualiz- 
ed as a bar graph in Figure 1A-C. 

The number of ciliated cells was significantly 
decreased in tubal segments of patients with 
high-risk or ovarian/pelvic serous carcinoma

Among 120 patients with benign gynecologic 
diseases or with low risk for ovarian cancers, 
we selected 60 high-risk patients and addition-
al 60 patients with O/PSCs matched for age to 
the low-risk group for the comparisons of the 
overall number of ciliated cells in the fallopian 
tube by using both morphologic and IHC meth-
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ods. With tubulin stains, the average number of 
ciliated cells in the fimbria region in low-risk 
tubes was 236/HPF (Table S3). This cellular 
number decreased significantly with an aver-
age of 118/HPF in the high-risk group and 156/
HPF in the O/PSC group, respectively (P < 
0.001), which was translated to 50% and 34% 
reduction of the ciliated cells, respectively in 
tubal fimbria (Table S3). A similar trend of re- 
duction of the tubal ciliated cells was found in 
the ampulla segment in the high-risk and the 
O/PSC groups, compared with that of the low-
risk group (P < 0.001) (Figure 2A, 2B). Although 
the number of ciliated cells/HPF was slightly 
higher in the ampulla region than that in the 
fimbria, it did not reach to a statistical signifi-
cance in all 3 patient groups (Figure 2C). We 
also compared the number of ciliated cells bet- 
ween the high-risk and the O/PSC groups. 

To evaluate whether tubulin IHC stain can ac- 
curately reflect the distribution of ciliated ce- 
lls, we examined the relationship between the 
number of tubal ciliated cells calculated with 
microscopic direct counting (H&E) in tubal tis-
sues and the number calculated with IHC (tu- 
bulin) method from 120 matched tissues. A 
robustly positive correlation was observed. 
(Fimbria: r=0.68, P < 0.0001; Ampulla: r=0.72, 
P < 0.0001; Spearman correlation analysis) 
(Figure 4).

Interestingly, Pax-8 stained cells partially over-
lapped with ciliated cells, while tubulin illustrat-
ed the tubal ciliated cells only. This was the rea-
son we did not consider Pax-8 negative cells as 
ciliated cells. Representative pictures of the 
tubal ciliated cells identified by morphology and 
tubulin IHC stains are illustrated in Figures 5, 6.  

Figure 1. Ciliated cells distribution trend among different age groups, cal-
culated by microscopic direct counting (H&E). A clear trend of reduction of 
the number of tubal ciliated cells was present in the aging process. A signifi-
cant reduction started at age 30s in both fimbria and ampulla segments. 
Compared with ampulla region, further reduction of the tubal ciliated cells 
was detected in the fimbria. A. The number of ciliated cells in tubal fimbria 
region; B. The number of ciliated cells in tubal ampulla region; C. Compari-
sons of ciliated cells distribution between ampulla and fimbria. Statistically 
significant differences were determined using the Mann-Whitney U test. 
N.S, no significance; *P < 0.05; **P < 0.01; ***P < 0.001.  

Interestingly, there was a fur-
ther 25% reduction, from an 
average of 156/HPF of the O/
PSC group to 118/HPF of the 
high-risk group, of ciliated ce- 
lls in the tubal fimbria (P < 
0.001) (Figure 3A). However, 
there was no statistical differ-
ence of the number of ciliat- 
ed cells in the ampulla region 
between the high-risk and O/
PSC groups (P=0.18) (Figure 
2B). The detailed data are su- 
mmarized in Table S3.

When the data were arranged 
based on age distribution wi- 
thin each group, we found that 
there was also a significantly 
decreased number of ciliated 
cells in the fallopian tube with 
increasing age in all three gr- 
oups. Compared with the low-
risk group, the number of cili-
ated cells in high-risk and O/
PSC groups were further redu- 
ced (P < 0.001). The detailed 
data are summarized in Table 
S4 and the corresponding bar 
graph in Figure 3.

The number of tubal ciliated 
cells counted by microscopy 
was comparable to the num-
ber of ciliated cells detected 
by tubulin staining
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Decreased number of ciliated cells was signifi-
cantly associated with age, the high-risk fac-
tors, and the presence of ovary/pelvic serous 
carcinoma 

As we demonstrated above, decreased number 
of tubal ciliated cells was associated with age 
and more strikingly with high-risk and O/PSC 
patients. Therefore, we explored whether the 
decreased number of ciliated cells in high-risk 
or O/PSC patients are independent of age. We 

addressed this question in a regression model 
that adjusted for age, as well as the number of 
cross-sections examined for the number of  
ciliated cells by linear regression analysis. The 
three groups (low-risk or control, high-risk, and 
O/PSC) of patients were divided according to 
10-year intervals and the average number of 
ciliated cells for the intervals was compared. 
There were still significant differences in the 
decreased number of ciliated cells as a func-
tion of increasing age in both case and control 

Figure 2. Comparisons of the number of ciliated cells calculated by tubulin staining method among control (low-risk) 
and study groups (high-risk or O/PSC). Compared with the control group, the number of tubal ciliated cells was sig-
nificantly reduced in both study groups in both tubal segments (A, B). There was no statistical significant difference 
detected when the number of tubal ciliated cells was compared between fimbria and ampulla in the same group 
(C). Statistically significant differences were determined using the Mann-Whitney U test. N.S, no significance; ***P 
< 0.001. 



Tubal ciliated cell loss represents a risk for ovarian cancer

3821 Am J Cancer Res 2020;10(11):3815-3827

groups (Table S4 and the corresponding bar 
graph in Figure 3). We observed a significant 
correlation with a determination coefficient fac-
tor of 0.171 when we combined the benign con-
trols and the studied cases for comparison.  
The coefficient factor of 0.171 indicated that 
approximately 17.1% of decreased tubal ciliat-
ed cells could be attributed to age. We also 
observed that both high-risk and O/PSC groups 
had more reduced number of ciliated cells than 
low-risk or benign controls (P < 0.001), an aver-
age decrease of 0.90 logs counted for high-risk 
patients vs low-risk controls and 0.83 logs for 
patients with O/PSC vs benign controls. The- 
refore, age, high-risk factors, and O/PSC all rep-

resented independent risk factors for the re- 
duction of the ciliated cells within the tubal  
epithelia. Patients with a high-risk showed the 
strongest association with a decreased num-
ber of tubal ciliated cells, while age was the 
weakest, nevertheless, all these observations 
were statistically significant. Compared to the 
ampulla segment, we noticed that the number 
of ciliated cells in the fimbriated end was sli- 
ghtly higher (Figure 1C; Table S2).

Discussion

Most of the available studies regarding cell of 
origin of tubal-ovarian high-grade serous carci-

Figure 3. Overview of ciliated cells distribution in fimbria and ampulla with age and among patients with low-risk, 
high-risk, and ovarian/pelvic serous carcinoma (O/PSC). A clear trend of tubal ciliated cell reduction was observed 
in the aging process.

Figure 4. Correlation of the number of tubal ciliated cells between the method of microscopic direct counting (HE) 
and the method with tubulin staining (IHC) from matched tubal tissue sections. A Robust correlation between the 
two methods was present. A. Ciliated cells distribution in tubal ampulla region; B. Ciliated cells distribution in tubal 
Ampulla region; Spearman rank correlation (r) was used for the correlation analysis; ***P < 0.001.
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noma or O/PSCs do not take into account the 
potential contributions of tubal ciliated cells. 

Ciliated cells of the fallopian tube are more 
abundant in the fimbria section (50%), progres-

Figure 5. Example of tubal ciliated cells detected by microscopy and tubulin staining in a patient of 45 years old. 
Tubal ampulla segment (A, B) showed ciliated cells, which are easily visible in a high power (upper right corner of B). 
Tubal fimbria region (C, D) showed cilia on the apical cellular border under a high power view (D). The same fimbria 
region (C) stained with PAX8 for tubal secretory cells (E) and tubulin for ciliated cells (F). Apparently, PAX8 stained 
both secretory and ciliated cells (E) as the ciliated cells were illustrated by tubulin stain (F). Original magnifications: 
(A, C, E, and F) 100×; (B and D), 400×.  

Figure 6. Morphologic and immunohistochemical identification of tubal ciliated cells in tubal fimbria. One represen-
tative section of tubal fimbria from patients in an age group of 40s was presented. Top panel shows morphologic 
picture of tubal fimbria, while bottom panel shows corresponding tubulin stains. The number of ciliated cells (tubu-
lin+) was 180, 128, and 141 for low-risk, high-risk, and O/PSC patients, respectively. Original magnifications: left 
100×, middle 200×, right 200×.
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sively decrease in number toward the uterus 
(30%), and are mostly located at the apex of 
epithelial papillae [33]. The main function of 
ciliated cells in the fallopian tube is to transport 
the ovum from the ovary toward the uterus and 
help to remove genotoxic stress after ovulation 
[34, 35]. Tubal ciliated cells are generally con-
sidered as terminally differentiated cells from 
either tubal secretory cells or stem-like cells 
within the fallopian tube and induced by estro-
gen stimulation [36-38]. Tubal ciliated cells in 
vitro may reversely differentiate into non-ciliat-
ed cells (morphologically show no difference 
from the secretory cells) [39]. It is not clear how 
this happens and whether these ciliated cells 
have the potential to initiate serous neoplasia 
after becoming non-ciliated cells. We believe 
tubal ciliated cells influenced by genetic and 
environmental factors are involved in the onset 
of ovarian serous tumorigenesis. The reduction 
of tubal ciliated cells may be due to reduced 
capacity for removing follicular fluid-induced 
genotoxicity within the fallopian tube [40]. Thus, 
it is not surprising that there is a reduction of 
ciliated cells with age, in particular over the age 
40s. One early study about the role of tubal epi-
thelia in supporting early embryo development 
showed that tubal motile cilia is lost in vitro 
when estradiol is withdrawn [41]. But overall, 
there is a limited understanding of the tubal cili-
ated cells on the aspects of cellular differentia-
tion and neoplasia. As the tubal mucosa is 
mainly composed of ciliated and secretory ce- 
lls, people may have a general impression that 
the increased density of tubal secretory cells 
reflects the decreased number of ciliated ce- 
lls. In reality, however, such a relationship has 
never been systemically studied.   

This study examined the global change of tubal 
ciliated cells and its relationship with the aging 
process by counting the number of ciliated cells 
in patients with low-risk (benign group), high-
risk, and O/PSC. Although the study is descrip-
tive in nature, it explores a novel approach to 
evaluate the risk for ovarian or pelvic serous 
carcinogenesis. This represents an early or ini-
tial study to describe the changes in the num-
ber of tubal ciliated cells in relation to age as 
well as the risk factors associated with O/PSC. 
For patients in the low-risk (control group) for 
tubal-ovarian or pelvic serous cancers, the 
number of tubal ciliated cells decreased with 
age, starting at age 30s and decreasing by 94% 

after age 80. It appears that the reduction of 
ciliated cells is consistent with the increment of 
tubal secretory cells with aging as we demon-
strated earlier [2, 21]. However, it is unclear  
if the reduction of tubal ciliated cells and in- 
creased the number of secretory cells are inde-
pendent or reciprocal. Our observations of loss 
of tubal ciliated cells with aging may go along 
with the well-known epidemiologic findings that 
O/PSC increases with age and shows a peak 
incidence starting from menopause [19, 42, 
43]. A more dramatic decrease of tubal ciliated 
cells is observed in patients with high-risk fac-
tors, including germline mutations of BRCA1/2  
genes or family history of tubal-ovarian or pel-
vic serous cancers. This decreased number of 
tubal ciliated cells is also closely associated 
with age in both high-risk and O/PSC groups, 
indicating that a decreased number of tubal cili-
ated cells is linked to “ovarian” or pelvic serous 
neoplasia. 

Since a decreased number of tubal ciliated 
cells was associated with age and more strik-
ingly associated with patients having high-risk 
factors as well as O/PSCs, we further examined 
if the decreased number of ciliated cells in 
patients with high-risks or O/PSCs are indepen-
dent of age in the study. By using linear regres-
sion analysis, we discovered that all three fac-
tors namely age, high-risk status, and patients 
with O/PSC, are independent risks for the 
decreased number of tubal ciliated cells when 
both the cases and controls were normalized.
Approximately 10% to 17% of decreased ciliat-
ed cells in the fallopian tube is accredited to 
age, while 83% to 90% attributed to O/PSC  
and high-risk status, respectively. Patients with 
germline BRCA mutations showed the sturdi- 
est association with the decreased number of 
ciliated cells in the fallopian tube, consistent 
with its known risks for O/PSC development 
[19, 44-46]. While there is still a connotation 
found of reduction of ciliated cells as well in  
the O/PSC group, this group is not restricted  
to cases with serous neoplasia. Thus, diverse 
tumor microenvironmental changes exist whi- 
ch could impact the number of neighboring ci- 
liated cells by other genetic or environmental 
mechanisms. From these findings, we wonder 
that patients with high-risk factors and/or wi- 
th O/PSCs have an unidentified mechanism to 
cause the reduction of tubal ciliated cells in 
addition to the aging process and such chang-
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es are unlikely to be influenced by hormone 
level changes since the study is age-matched. 

It is believed that the fallopian tube provides a 
cellular source for the majority of O/PSC, while 
tubal fimbria is considered as the anatomical 
location of the cell of origin of the O/PSC [47]. 
Our current study examined the number of cili-
ated cells and their distributions in both tubal 
fimbria and ampulla segments. The study sh- 
owed that there is no significant difference 
between the two tubal segments for the num-
ber of ciliated cells. However, the number of 
tubal ciliated cells are significantly fewer in 
high-risk group than that in O/PSC patients 
within the tubal fimbria (Figure 2A). It is uncle- 
ar how to explain this phenomenon. However, it 
suggests that patients with BRCA mutations 
may have some undiscovered mechanisms to 
cause more of the reduction of tubal ciliated 
cells. Such findings are also consistent with 
that patients with germline mutations of BRCA 
genes, and occurrence of HGSCs at an earlier 
age than those who have sporadic ovarian can-
cers [48], as well as with the well-accepted con-
cept that tubal fimbria as the main anatomic 
site for ovarian or pelvic serous neoplasia [49, 
50].

The functional role of cilia in human carcino-
genesis is unclear. There are no studies on the 
role of multiple motile cilia for the tubal ciliated 
cells in the process of ovarian carcinogenesis. 
Through literature search, however, we found a 
few studies on the biologic function of primary 
cilia of the fallopian tube in the process of can-
cer development [51, 52]. Egeberg et al. sug-
gested that defects of primary cilium in ovarian 
tumorigenesis may be related to the deregula-
tion of cilia signaling pathways such as Hedge- 
hog, platelet-derived growth factor, and aurora 
A kinase signaling [51]. Some other earlier 
studies showed that primary cilia may play a 
critical role in tumorigenesis and cancer pro-
gression by functioning as a tumor suppressor 
organelle that regulates cell cycle/proliferation, 
differentiation, polarity, and migration [53, 54]. 
On the other hand, loss of tubal ciliated cells 
may also reduce the capacity of removing fol-
licular fluid-induced genotoxicity within the fal-
lopian tube [55]. In one of our studies about 
ovarian serous carcinogenesis, we also notice 
that gradual motile cilia loss from serous cyst-
adenoma to a serous borderline tumor and 

finally complete loss of cilia in low-grade serous 
carcinoma [5]. More recently, we have studied 
tubal epithelial cells from BRCA1 mutation car-
riers and benign controls without a known his-
tory of BRCA1 mutation by using single-cell 
sequencing technology. We found that tubal 
ciliated cells express SOX2 biomarker, which is 
known to be one of the stem cell markers, while 
secretory cells do not (manuscript in prepara-
tion). It would be interesting to study the bio-
logic function of tubal ciliated cells and their 
motile cilia in the process of serous carcino- 
genesis.

Tubal mucosa consists of both secretory and 
ciliated cells, arranged in a recurring pattern of 
alternating each other in the normal fallopian 
tube of reproductive-aged women. PAX-8 is a 
member of the pair-box (PAX) family of tran-
scription factor genes. Studies have shown that 
PAX8 is a biomarker of tubal secretory cells and 
is used to distinguish gynecologic cancers from 
non-gynecologic malignancies [56]. Therefore, 
PAX-8 has been widely used in the clinic. In this 
study, we used PAX-8 to distinguish tubal secre-
tory cells from tubal ciliated cells. However, not 
infrequently we have found that not only secre-
tory cells, but also some of the ciliated cells are 
positively stained by PAX-8 (Figure 5). This is 
the reason for us to use tubulin highlighting the 
ciliated cells in the study. Although morphologi-
cally tubal ciliated cells are easily distinguished 
from secretory cells because of the presence  
of multi-motile cilia on the cellular apex, these 
two cell types may be interchangeable, which is 
supported by ciliation changes of the tubal epi-
thelia in the menstrual cycle [57]. That can 
explain why some of the ciliated cells are posi-
tive for PAX-8 expression in the current study.
Studies to identify regulatory factors for the 
transitions between ciliated and secretory cells 
are needed to help us uncover the role and 
functions of these tubal epithelial cells.

In summary, our findings offer a novel perspec-
tive on the initial mechanisms involved in the 
development of tubal-ovarian high-grade se- 
rous carcinoma or O/PSC, which can facilitate 
further experimental researches of the tubal 
epithelial cells including the ciliated cell clear-
ance in the process of serous carcinogenesis. 
Tubal ciliated cells are morphologically identifi-
able under microscope. Therefore, counting the 
number of tubal ciliated cells may represent a 
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practical approach to be used to study serous 
carcinogenesis in its initial stages. Identifica- 
tion of tubal ciliated cells can be easily carried 
out by microscopy or by IHC stain with tubulin. 
Single-cell sequencing study illustrating the re- 
lationship between secretory and ciliated cells 
are ongoing in our laboratory. Molecular me- 
chanism studies of tubal ciliated cells and the 
relationship between tubal secretory and ciliat-
ed cells may aid to develop optimal strategies 
of ovarian cancer prevention and possibly early 
intervention.  
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Table S1.1. Clinical information of patients with low risk (benign control)

# Patients Mean Age
Reasons for Surgical Resection (%)

Leiomyomata Adenomyosis Benign Ovarian Cyst Other benign conditions
120 48 39 (32.5%) 15 (12.5%) 28 (23.3%) 38 (31.7%)
Other benign conditions included ovarian endometriosis, paratubal cysts, mucinous cystadenomas, benign Brenner tumors, 
mesothelial inclusion cysts, and chronic pelvic pain.  

Table S1.2. Clinical information of patients with high risk 

#Patients Mean Age BRCA1+ BRCA2+
Reasons for Surgical Resection (%)

Personal Breast 
Cancer history

Family history of Ovarian 
Cancer

60 45 25 (41.7%) 7 (11.7%) 20 (33.3%) 8 (13.3%)
BRCA1+: germline mutation of breast cancer susceptibility gene 1; BRCA2+: germline mutation of breast cancer susceptibility 
gene 2.  

Table S1.3. Clinical information of patients with high-grade serous carcinoma of the ovary or the 
peritoneum 

# Patients Mean Age
Clinical Stage (International Federation of Obstetrics and Gynecology)

Stage I Stage II Stage III Stage IV
60 61 0 (0.0%) 6 (10.0%) 49 (81.7%) 5 (8.3%)

Table S2. Tubal ciliated cell change among women in different age by microscopy (H&E)

Age 20-29 
(n=14)

30-39 
(n=29)

40-49 
(n=48)

50-59 
(n=64)

60-69 
(n=42)

70-79 
(n=37)

>80  
(n=6)

#CC, Fimbria (Mean ± SD) 258 (80.4) 212 (55.9) 165 (32.6) 128 (42.0) 56 (21.5) 32 (17.6) 15 (9.5)
#CC, Ampulla (Mean ± SD) 260 (78.2) 243 (99.4) 188 (49.3) 156 (30.0) 85 (25.3) 52 (13.5) 48 (22.3)
#CC: average number of ciliated cells within the tubal segment. There is a clear trend that the number of ciliated cells 
decreases as a function of age in both fimbria and ampulla segments. Standard deviations and p values are shown in the cor-
responding bar graph in Figure 1.  

Table S3. The number of ciliated cells in tubal fimbria and ampulla segments detected by tubulin 
stains (IHC)

#case Mean 
age

#Ciliated Cells (fimbria) #Ciliated Cells (ampulla)
Number Percentage P value Number Percentage P value

Low-risk (± SD) 60 48 (3.6) 236 (101.4) 59% 248 (89.9) 61.5%

High-risk (± SD) 30 45 (2.8) 118 (24.9) 29.5% P < 0.001 (vs. Low-risk) 126 (33.8) 31.5% P < 0.001 (vs. Low-risk)

O/PSC (± SD) 30 61 (4.1) 156 (46.5) 39% P < 0.001 (vs. Low-risk) 139 (50.9) 34.8% P < 0.001 (vs. Low-risk)
Standard deviations and p values are shown in the corresponding bar graph in Figure 2. Statistically significant differences were determined using the Mann-Whitney U 
test. 
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Table S4. Decreased number of tubal ciliated cells significantly associated with age, high-risk factors, 
and the status of ovarian or pelvic serous carcinoma

Age (Mean ± SD)
Low-risk (n=120) High-risk (n=60) O/PSC (n=60)

fimbria ampulla fimbria ampulla fimbria ampulla
20-29 (25±2.1) 258 260 - - - -
30-39(34±1.7) 227 240 182 190 - -
40-49 (46±1.8) 182 195 137 128 147 139
50-59 (55±1.6) 135 162 96 91 126 115
60-69 (63±2.2) 86 120 55 61 110 118
70-79 (76±125) 63 76 28 30 46 51
> 80 (84±1.5) 42 58 - - 10 15
O/PSC: ovarian or pelvic serous carcinoma. There was no high-risk case with age elder than 80 and no O/PSC case younger 
than 40 in this study. There were only 6 O/PSC cases with age elder than 80. Standard deviations are shown in the corre-
sponding bar graph in Figure 3. 


