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Abstract: Yang-deficiency constitution (YADC) is linked to a higher vulnerability to various diseases, such as cold
coagulation and blood stasis (CCBS) syndrome and infertility. Endometrial hyperplastic processes (EHPs) are a
leading cause of infertility in women and are characterized by CCBS. However, it remains unclear whether YADC is
related to the development of EHPs. Methods: We recruited 202 EHPs patients including 147 with YADC (YEH group)
and 55 with non-YADC (NYEH group). Fecal samples were collected from 8 YEH patients and 3 NYEH patients and
analyzed using 16S rRNA V3-V4 sequencing for gut microbiota analysis. We obtained constitution survey data and
a differential gut microbiota dataset from the literature for further analysis. Bioinformatics analysis was conducted
using gut microbiota-related genes from public databases. Results: YADC was significantly more prevalent in EHPs
than non-YADC (P < 0.001), suggesting it as a potential risk factor for EHPs occurrence (ORpopulation survey = 13.471;
OR, 2ty women = 2-173). The YEH group had higher levels of inflammation, estrogen, and tamoxifen-related flora com-
pared to NYEH and healthy YADC groups. There was an interaction between inflammation, estrogen, differential
flora, and EHPs-related genes, particularly the TNF gene (related to inflammation) and the EGFR gene (related to es-
trogen), which may play a crucial role in EHPs development. Conclusion: YEH individuals exhibit significant changes
in their gut microbiota compared to NYEH and healthy YADC. The interaction between specific microbiota and host
genes is believed to play a critical role in the progression of EHPs.
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Introduction

Endometrial hyperplasia and endometrial pol-
yps both involve endometrial hyperplastic pro-
cesses (EHPs), which encompass various mor-
phological changes characterized by an in-
creased ratio of endometrial glands to stroma
[1]. Around 50 to 80 million people worldwide
suffer from infertility, among whom female fac-
tors are responsible for around 50% of all infer-

tility cases [2]. Endometrial abnormalities, such
as EHPs, are one of the important reasons in
females with primary and secondary infertility
[3]. Exploring the mechanism of EHPs and early
intervention may be of great significance for the
treatment of infertility.

In China, the term ‘constitution’ (i.e., ti-zhi) is
widely used in TCM and refers to a framework
for understanding physical well-being [4]. The
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constitution is evaluated based on factors such
as the shape of the human body, physiological
functions, psychology, and other characteris-
tics, and includes the balanced constitution
and eight types of unbalanced constitutions:
Yang Deficiency, Yin Deficiency, Qi Deficiency,
Phlegm Dampness, Stagnant Blood, Damp
Heat, Stagnant Qi, and Inherited Special Con-
stitutions [5]. Among those unbalanced consti-
tutions, the Yang-deficiency constitution is a
common unbalanced constitution that is main-
ly characterized by cold intolerance, such as a
cold body and limbs, resulting from an insuffi-
ciency of “Yang-qi” that fails to warm the body
[6]. Individuals with such a constitution imply a
diminishing energy level in the physiological
function of the body, and they may experience
symptoms such as chills, loose stools, and a
large volume of urine. In traditional Chinese
medicine (TCM), cold-evil and Yang deficiency
can lead to cold coagulation and blood stasis
(CCBS) syndrome, which includes symptoms
such as aversion to cold and cold pain, pain
alleviated by warmth, cold limbs, blue color,
late menstrual period, dysmenorrhea, darkish
purple color with clots, a dark purple tongue,
white coating, and a deep, slow, and unsmooth
pulse [7, 8]. It has been shown to be closely
related to gynecological diseases. Diseases
associated with EHPs, such as endometrial pol-
yps and abnormal uterine bleeding (AUB), often
exhibit symptoms similar to the syndrome of
cold coagulation and blood stasis. These symp-
toms include dysmenorrhea, menstrual blood
carrying clots, and abnormal uterine bleeding
[9-11]. It is a prevalent unbalanced constitu-
tion among the Chinese population, especially
among females who experience infertility [12].
It is often associated with an increased suscep-
tibility to certain diseases, such as infertility
[13]. Our previous study found that the gut
microbiota might play an essential role in main-
taining the health of individuals with a Yang-
deficiency constitution [14]. This suggests that
Yang deficiency may be an important pathologi-
cal mechanism in EHPs, but its regulatory
mechanism is still unclear.

Therefore, based on the clinical epidemiologi-
cal analysis of whether Yang-deficiency is an
important pathogenesis of EHPs, this study
aims to investigate the role of the gut microbio-
ta in susceptibility to EHPs in individuals with a
Yang-deficiency constitution. After physical dis-
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crimination and hysteroscopic surgical exami-
nation, the subjects were divided into two
groups: Yang deficiency with EHPs (YEH) and
non-Yang deficiency with EHPs (NYEH). The
fecal samples were collected before surgery,
and the composition of the intestinal flora
was checked by sequencing the 16S rRNA
V3-V4 region. Two constitution survey data and
a differential gut microbiota dataset were also
obtained from the literature for further analy-
sis. These findings lay the foundation for the
treatment of EHPs, while also providing a theo-
retical basis for preventing people with Yang
deficiency from developing EHPs.

Materials and methods
Patients

The study was conducted at the First Affiliat-
ed Hospital of Kunming Medical University in
Kunming, China, from September 2021 to
December 2023, with approval from the local
ethics committee (No. KMMU2020MECO028).
Patients received both oral and written infor-
mation about the study’s objectives, methods,
materials, and their rights and responsibilities,
and provided written consent prior to data
collection.

The inclusion criteria for this study were as fol-
lows: (1) Patients who underwent an ultrasound
examination between 3 to 7 days after men-
struation, which revealed uterine endometrial
thickening. (2) Patients aged 18-70 years who
were capable of communication, willing to par-
ticipate in the study, and able to give inform-
ed consent. The exclusion criteria included
patients with conditions known to affect the
composition of intestinal flora, such as hyper-
tension, cancer, or diarrhea on the day of sam-
pling. Additionally, patients who had taken
medications that could potentially impact the
composition of intestinal flora, including met-
formin, liraglutide, antibiotics, or Chinese herb-
al medicine, within the three months preced-
ing the collection of fecal samples, were also
excluded.

The Traditional Chinese Medicine (TCM) consti-
tution of participants was predicted and con-
firmed by a TCM clinical doctor using the
Chinese Traditional Medicine Association stan-
dard (ZYYXH/T157-2009) [14]. In the section
on identifying the Yang deficiency constitution,
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the standard includes 7 questions (Table S1)
that we used to develop a questionnaire for
patients to answer. We assigned scores to each
answer choice in each question, ranging from
“No” to “Always” as 1 to 5 points, respectively.
The sum of the scores for all 7 questions was
used as the initial score, and the transforma-
tion score was calculated using the following
formula: Conversion score = [(Raw score -
Number of items)/(Number of items x 4)] x
100. We calculated the original score and
recorded corresponding conversion score. The
conversion score is used to determine whe-
ther a volunteer belongs to the yang deficiency
constitution. For volunteers with a conversion
score between 30-39, an experienced tradi-
tional Chinese medicine doctor made a further
determination based on the characteristics of
individuals with yang deficiency constitution
(Table S2).

Hysteroscopy examinations were performed
according to standard procedures, and patients
without endometrial hyperplasia or with other
uterine diseases were excluded. The subjects
were then divided into two groups based on
examination results: Yang deficiency constitu-
tion subjects with endometrial hyperplastic
processes (YEH) and non-Yang deficiency con-
stitution subjects with endometrial hyperplas-
tic processes (NYEH). We also downloaded a
dataset of population constitution survey in
Jilin province, China [15], and a dataset of
physical constitution assessment on healthy
reproductive-aged women in Shanghai, China
[4]. These datasets were merged with the data
in our study for risk analysis of endometrial
hyperplasia in individuals with a predisposi-
tion to Yang deficiency constitution. SPSS
Statistics is used for chi-square analysis and
risk analysis.

Fecal sample collection, processing, RNA
sequencing and data processing

A fasting fecal sample was collected between
6:00-9:00 am within 24 hours of a vaginal
ultrasound and immediately stored at -80°C.
After applying the exclusion criteria, we ob-
tained only 3 stool samples from patients with-
in the NYEH group. Therefore, we selected 8
stool samples from patients within the YEH
group, matching them based on age and BMI.
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DNA was extracted from the 11 fecal samples
using stool collection kits. The V3-V4 region of
the 16S rRNA gene was amplified with the
Primer set 341 F/806 R to determine the gut
bacterial community structure [16]. The ampli-
fied products were sequenced using the
Illumina MiSeq platform at Novogene Bioin-
formatics Technology Co., Ltd., Tianjin, China.
To obtain clean reads, we used the Cutadapt
software (V1.9.1) and UCHIME software to
remove barcodes and primers, low-quality
reads, and chimera sequences [17-19]. The
original sequencing data has been submitted
to the NCBI Sequence Read Archive (acces-
sion number: PRINA 1027096). The high-quali-
ty reads were analyzed using QIIME (Version
2.15.3) [20]. Similarities among samples be-
tween the groups were estimated using princi-
pal coordinates analysis plots (PCoA) and dis-
played using the ggplot2 package in R soft-
ware (Version 2.15.3). The significant bacterial
taxa with differential abundance between
groups were identified by the linear discrimi-
nate analysis (LDA) effect size (LEfSe) method
[24], with a LDA threshold value of 2.0 and
MetaStats at 95% confidence interval, res-
pectively. A Venn diagram was generated by
VennDiagram package in R. Additionally, we
obtained differential flora information between
yang deficiency and non-yang deficiency sub-
jects without significant organic lesions from
literature [14].

The collection and bioinformatics analysis of
EHPs, inflammation, estrogen, and differential
flora-related genes

Bioinformatic analysis was conducted to in-
vestigate the role of differential flora in endo-
metrial hyperplasia (EHPs). Differentially ex-
pressed genes (DEGs) associated with differ-
ential flora, estrogen, and treatments that pro-
mote or inhibit endometrial growth were down-
loaded from the Gene Expression Omnibus
(GEO) database. The GEO2R tool was used to
analyze gene differential expression. P < 0.05
and |logFC| > 0.6 were considered significant.
We took the intersection of differential gene
data related to the same differential flora or
treatment measures and obtained the union of
differentially expressed genes with similar
expression trends in two or more datasets. This
was considered as the set of differential genes
associated with the differential flora or treat-
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ment measures. Genes with the same expres-
sion trend in the same treatment were com-
bined, and the final logFC value was averag-
ed. Common DEGs with opposite expression
trends among the treatment measures to pro-
mote and inhibit endometrial growth were then
screened.

Additionally, we searched GeneCards (https://
www.genecards.org/) for “endometrial hyper-
plasia processes” and “inflammation” and
screened for genes related to EHPs and inflam-
mation with a correlation coefficient score cut-
off > 5.0. The identified EHPs-related genes
were then compared to genes showing oppo-
site expression trends in growth-promoting
and growth-inhibiting measures. Although no
available DEGs dataset specifically related to
EHPs in GEO, it is known that oral administra-
tion of estrogen and tamoxifen promotes en-
dometrial growth [22], while progestin adminis-
tration or the use of progestin-releasing intra-
uterine devices inhibits abnormal endometrial
growth to some extent [23, 24]. These genes
not only exhibit opposite expression trends
in measures of proliferation promotion and
inhibition but are also associated with EHPs,
suggesting their potential importance in endo-
metrial hyperplasia and defining them as EHPs-
related genes (EHPs).

After that, protein interaction analysis on
differential genes from EHPs, inflammation,
and the different flora was performed using
String (https://string-db.org/) [25]. We first per-
formed an intersection analysis of the three
gene datasets related to EHPs, inflammation,
and estrogen. Due to a large number of genes
associated with inflammation and estrogen,
and the initial analysis showed low interaction
values for only these genes, indicating that
they are not core genes, we removed them in
the final analysis. The remaining intersected
genes were combined with the EHPs-related
dataset to create a gene list. Since the String
database (https://string-db.org/) cannot dis-
play genes without corresponding proteins,
and the maximum input limit in String is
2000 genes, we first copied the gene list into
the “List of Names” box in String, converting
gene names to protein names, and removed
gene loci that do not have corresponding pro-
teins in String. Then, we performed an interac-
tion analysis by selecting “multiple proteins”
and choosing “Homo sapiens” in the “Orga-
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nisms” section. The resulting interaction net-
work was exported as a “short tabular text
output”.

Next, we took the intersection of the differen-
tial flora-related gene list with the EHPs, inflam-
mation, and estrogen-related gene datasets
once again. Similarly, due to a large number of
genes associated with inflammation, estrogen,
and the specific microbial species Lactoba-
cillus rhamnosus, and the initial analysis
showed low interaction values for these genes,
indicating that they are not core genes, we
removed them during the interaction analysis.
Then, we performed an interaction analysis
between the differential microbial community-
related proteins and the EHPs, inflammation,
and estrogen-related proteins.

The interaction results were then visualized
using Cytoscape [26]. We created grouping
information lists for the protein interactions
from the two analysis steps mentioned above.
The protein grouping information tables, along
with the String interaction results, were im-
ported into Cytoscape to visualize the interac-
tion analysis results.

Results
Epidemiological statistics

In patients with endometrial hyperplastic pro-
cesses (EHPs), the proportion of a Yang defi-
ciency constitution is higher than those with a
non-Yang deficiency constitution. In this study,
a total of 537 patients with possible endome-
trial thickening and endometrial polyps detect-
ed by B-ultrasound were included. Patients
who had cancer or had taken antibiotics within
the past three months, as well as those experi-
encing diarrhea, were excluded. After further
TCM constitution identification and hysteros-
copy and histopathological examination, 202
patients were diagnosed with a EHPs (includ-
ing endometrial polyps, polypoid endometrial
hyperplasia, simple hyperplasia, and complex
hyperplasia) (Figure 1). Among them, 147 pa-
tients had a Yang deficiency constitution,
accounting for 72.8%, while 55 patients have
a non-Yang deficiency constitution, accounting
for 27.2% (Figure 2). In addition, we download-
ed two sets of data on the identification of con-
stitution types in the Chinese population. One
set came from a population-based survey on
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Met inclusion criteria

Had cancer (n=3)
Experienced diarrhea (n=5)

(n=537)
Exluded (n=214):
Took drug within the three months (n=175)
Had concomitant hypertension (n=31) -

Traditional Chinese medicine (TCM) constitution identification
(n=323)

Y

Yang deficiency constitution ()
(n=236)

Non-yang deficiency constitution (NY)

(n=87)

6 amto 9 am |

Exluded (n=89):

the next day

Collection of fecal samples|

Exluded (n=32):

Non-endometrial hyperplasia processes (n=8)

Endometrial hyperplasia with concomitant
uterine conditions, such as intrauterine
adhesions, endometrial cancer, and cervical
polyps (n=81)

Y

Endometrial hyperplasia with yang deficiency
constitution (YEH) (n=147)

‘ Without available fecal samples (n=135) ““_

Y

| 8 matching fecal samples from YEH group |

Hysteroscopy examination

Non-endometrial hyperplasia processes (n=3)

Endometrial hyperplasia with concomitant
uterine conditions, such as intrauterine
adhesions, endometrial cancer, and cervical
polyps (n=29)

Y

Endometrial hyperplasia with Non-yang
deficiency constitution (NYEH) (n=55)

—> | Without available fecal samples (n=52) |

| 3 fecal samples from NYEH group |

Figure 1. Study design of sample collection. Abbreviations: YEH, the Yang deficiency subjects with endometrial hy-
perplasia processes; NYEH, non-Yang deficiency subjects with endometrial hyperplasia processes.

® Yang deficiency constitution

= non-Yang deficiency constitution

Figure 2. Proportion of Yang-deficiency constitution
in patients with endometrial hyperplastic processes.

constitution types in Jilin Province, China [15],
which showed that out of 1755 volunteers,
177 had a Yang deficiency constitution. The
other set came from a survey on constitution
types among 708 healthy women of childbear-
ing age in Shanghai [4], which indicated that
out of 724 healthy volunteers, 163 had a Yang
deficiency constitution. Combining these two
datasets with our study data, the results
showed that compared to the general popula-
tion and healthy women of childbearing age,
the proportion of patients with Yang deficiency
constitution among EHPs is much higher than
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that of non-Yang deficiency constitution
(x? general population 515.277, P < 0.001;
x2healthywomen = 173.178, P < 0.001). A yang defi-
ciency constitution may be a risk factor for
EHPs = 515.277, <

0001’ X Compared to healthy women of childbearing age -

173.178, < 0.001) (Table 1).

2
(X (2:ompared to population survey

Subject groups and fecal sample collection

Eight fecal samples were collected from Yang
deficiency subjects with endometrial hyperpla-
sia processes (YEH), while three fecal samples
were collected from non-Yang deficiency sub-
jects with endometrial hyperplasia processes
(NYEH). The age and body mass index (BMI) of
the two groups were matched, and their distri-
bution was not significantly different (Tables 2,
S3).

Fecal sample sequencing quality control

A total of 757,776 reads were generated from
the 11 samples using the v3-v4 16S rRNA
sequencing method. After filtering and merging,
753,021 high-quality reads were used for con-

Int J Clin Exp Pathol 2024;17(4):121-136



Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

Table 1. Analysis of the proportion of Yang deficiency constitution in patients with endometrial hyper-
plastic processes and the risk of endometrial hyperplastic processes in subjects with Yang deficiency

constitution

EHPs Population physical survey Healthy women of childbearing age
(n=202) data from Jilin, China (n=1755) from Shanghai, China (n=708)
Yang-deficiency constitution 147 177 163
Non-Yang-deficiency constitution 55 1578 545
X2 515.277 173.178
P <0.001 <0.001
OR, 95% ClI 13.471, 10.121-17.930 5.173, 3.918-6.830

Abbreviations: EHPs, endometrial hyperplastic processes; OR, odd ratio; 95% Cl, 95% confidence interval.

Table 2. Demographic characteristics of
participants

Characteristic  YEH (n=8) NYEH (n=3) P value
Age (m+sd) 52.6+14.2 50.3+7.2 0.838
BMI(m+sd) 25.1+5.2 225+25 0.54

Abbreviations: YEH, the Yang deficiency subjects with
endometrial hyperplasia processes; NYEH, non-Yang defi-
ciency subjects with endometrial hyperplasia processes.

structing OTUs. The rarefaction curves indicat-
ed that the sequencing depth was sufficient
and the amount of data was reasonable and
the species accumulation curve showed that
sample size was adequate for capturing spe-
cies richness (Figure S1A, S1B).

The microbiota complexity of the YEH and
NYEH groups

The Venn diagram analysis revealed that there
were 701 common OTUs between the two
groups (Figure 3A). The rank abundance curve
indicated similar species richness and even-
ness of microbial communities (Figure 3B). The
a-diversity, as measured by observed species,
Shannon, Simpson, chaol, ace, and goods
coverage indices, was also similar between the
two groups (P > 0.05) (Table S4; Figure 3C).
Furthermore, the B-diversity, based on weight-
ed UniFrac distances, did not show any signifi-
cant differences between the microbial com-
munities of the YEH and NYEH groups. This was
supported by the principal coordinates analysis
(PCoA), which did not reveal any distinct sepa-
ration between the groups (Figure 3D).

Significant differential floras between the YEH
and NYEH groups

Metastats and linear discriminant analysis
effect size (LEfSe) analyses were conducted to
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identify different bacterial taxa between the
two groups. Results showed that 1 phylum, 3
classes, 6 orders, 16 families, 28 genera, and
13 species were enriched in the YEH group,
while 1 family, 2 genera, and 1 species were
enriched in the NYEH group (log10 LDA score
> 2.0 and/or P < 0.05) (Table S5). Among
them, the g_Allobaculum; g_Alloprevote-
lla;  g_Allorhizobium-Neorhizobium-Pararhizo-
bium-Rhizobium; g_Anaerotruncus; g_Bradyr-
hizobium; g_Christensenellaceae_R-7_group;
g_Defluviitaleaceae_UCG-011; g_Eggerthella;
g_Faecalibaculum; g_Family_XIlI_AD3011_gr-
oup; g_Frisingicoccus; g_Lachnospiraceae_
UCG-003; g_Lacticaseibacillus; g_Methyloba-
cterium-Methylorubrum; g_Mycobacterium; g_
NK4A214_group; ¢g_Paraprevotella; g_Para-
sutterella; g_Prevotellaceae_NK3B31_group;
g_Prevotellaceae_UCG-001; g_Pseudoflavoni-
fractor; g_Sellimonas; g_Sphingobium; g_
Staphylococcus; g_UBA1819; g_UCG_005; g_
UCG-009; g_Veillonella; s_Alistipes obesi; s_
Alistipes shahii; s_bacterium_YE57; s_Bifido-
bacterium animalis; s_Bradyrhizobium elkanii;
s_Clostridiaceae_bacterium_DJF_VR76; s_La-
ctobacillus mucosae; s_Lactobacillus rham-
nosus; s_Megasphaera micronuciformis; s_
Parabacteroides merdae; s_Parabacteroides
sp.; s_Sutterella wadsworthensis were up-reg-
ulated in YEH, while the g_Parvimonas; g_
Tyzzerella; s_Blautia obeum were up-regulated
in NYEH.

Comparison of gut microbiota differences
between Yang deficiency individuals with EHPs
and Yang deficiency individuals with no appar-
ent organic lesions

A Venn diagram was used to compare different
bacterial taxa between Yang deficiency individ-
uals with EHPs and with no apparent organic
lesions from our previous study [14] to identify
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Figure 3. The gut microbiota profile comparison between the YEH and NYEH groups. A. The common OTUs between
the two groups were analyzed using Venn diagrams. B. The species richness and evenness of microbial communi-
ties between the two groups were demonstrated by the rank abundance curve. C. The B-diversity between the two
groups was analyzed based on weighted UniFrac distances. D. Principal coordinate analysis (PCoA) was conducted
using weighted UniFrac distances to compare the gut microbiota profiles between the two groups. Abbreviations:
YEH, the Yang deficiency subjects with endometrial hyperplasia processes; NYEH, non-Yang deficiency subjects with
endometrial hyperplasia processes; OTUs, Operational Taxonomic Units.

important flora associated with morbidity
(Figure 4). The c_Thermoleophilia and o_
Solirubrobacterales were upregulated in both
groups, while the Akkermansia muciniphila
species was upregulated in Yang deficiency
individuals with EHPs but downregulated in
those without apparent organic lesions (Table
3).

Bioinformatics analysis of inflammation-
related genes, estrogen-related genes, and
EHPs-related genes

From the GEO database, we collected multiple
datasets on differentially expressed genes
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related to endometrial growth. These datasets
include tamoxifen, estrogen, and estradiol,
which promote endometrial growth, and the
levonorgestrel-releasing intrauterine system,
levonorgestrel, etonogestrel, medroxyproges-
terone acetate, depot medroxyprogesterone
acetate, and progesterone, which inhibit endo-
metrial growth to some extent. Additionally, we
collected datasets on differential flora (Table
S6).

We identified a total of 1700 common DEGs
associated with endometrial growth inhibi-
tion and 2678 common DEGs associated with
endometrial growth promotion (Tables S7, S8).
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enriched in YADC

impoverished in YEH

enriched in YEH impoverished

in\YADC

17

Figure 4. The gut microbiota profiles were compared between YEH and YADC
subjects. Abbreviations: YEH, the Yang deficiency subjects with endometrial
hyperplasia processes; YADC, the Yang deficiency subjects with no signifi-

There is also a close interac-
tion between different flora-
related DEGs and EHP-relat-
ed DEGs, as depicted in Fig-
ure 5D. This suggests that
changes in the microbiota
may be involved in endome-
trial hyperplastic processes.
Specifically, L. rhamnosus
directly regulates the core
genes TNF, while B. animalis
and A. muciniphila indirectly
regulate these core genes. It
is worth noting that the regu-
lation of TNF expression by L.
rhamnosus is consistent with
the regulation of TNF expres-

cant organic lesions were observed.

Furthermore, we identified 12 common DEGs
for A. muciniphila, 11 common DEGs for B. ani-
malis, 1730 common DEGs for L. rhamnosus,
and 23 common DEGs for P. merdae (Tables
S9, S10, S11, S12). Additionally, we identified
241 DEGs associated with estrogen (Table
S13). Among these DEGs, 249 showed oppo-
site expression trends between promoting and
inhibiting endometrial growth (Table S14). We
also identified 1970 genes related to endome-
trial hyperplasia processes (EHPs) and 592
inflammation-related genes from GeneCards
(Tables $15, S16).

Furthermore, we found that 30 EHPs-related
DEGs exhibited opposite expression trends
between promoting and inhibiting endometrial
growth (Table S17). The inflammation-related
genes and estrogen-related DEGs have 12 and
2 common genes with EHPs-related genes,
respectively (Figure 5A). Similarly, the L. rham-
nosus-related DEGs and B. animalis-related
DEGs have 8 and 1 common gene with
EHPs-related genes, respectively (Figure 5B).
Compared to estrogen, EHPs may be more
associated with inflammation, while compared
to B. animalis and other flora, EHPs may be
more associated with L. rhamnosus.

There is a close interaction between inflamma-
tion, estrogen, and EHP-related DEGs, as sh-
own in Figure 5C. Among these interactions,
TNF and EGFR appear to be the core genes in
EHPs due to their high interaction values.
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sion in inhibiting endometrial
growth. This suggests that L.
rhamnosus may have a bene-
ficial effect on endometrial hyperplastic pro-
cesses and could be a potential research direc-
tion for the prevention and treatment of such
conditions.

Discussion

The nature of the disease of endometrial hyper-
plastic processes (EHPs) is that the blood
which is deposited and blocked results in
abdominal mass gradually [27]. Yang deficiency
constitution can lead to symptoms such as Qi
stagnation and blood stasis, suggesting a pos-
sible association between Yang deficiency con-
stitution and the onset of EHPs. Our epidemio-
logical statistics show that compared to general
population constitution survey data and data
on healthy couples of reproductive age, the pro-
portion of Yang deficiency constitution is signifi-
cantly higher in EHPs patients. Yang deficiency
constitution poses a higher risk for develop-
ing EHPs compared to non-Yang deficiency
constitution.

In the past few years, there has been a growing
focus on the potential influence of the gut
microbiota on human health and well-being
[28]. In this study, we analyzed the gut microbi-
ota composition of the YEH and NYEH groups
and found that both groups have similar levels
of microbiota complexity. This similarity may be
attributed to the presence of similar diseases,
despite belonging to different constitutions.

Int J Clin Exp Pathol 2024;17(4):121-136


http://www.ijcep.com/files/ijcep0154420suppltab11.xlsx
http://www.ijcep.com/files/ijcep0154420suppltab13.xlsx
http://www.ijcep.com/files/ijcep0154420suppltab13.xlsx
http://www.ijcep.com/files/ijcep0154420suppltab14.xlsx
http://www.ijcep.com/files/ijcep0154420suppltab15.xlsx
http://www.ijcep.com/files/ijcep0154420suppltab16.xlsx

Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

Table 3. The differentially expressed flora among groups

The trend of bacterial

Different bacterial taxa .
community changes

p_unidentified_Bacteria; c_Alphaproteobacteria; c_Clostridia; o_Burkholderiales; o_Christensenellales; o_Micrococcales; o_Peptococ- Elevated in YEH (65)
cales; o_Rhizobiales; f_[Eubacterium]_coprostanoligenes_group; f_67-14; f_Beijerinckiaceae; f_Christensenellaceae; f_Defluviital-
eaceae; f_Erysipelotrichaceae; f_Microbacteriaceae; f_Muribaculaceae; f_Mycobacteriaceae; f_Nocardioidaceae; f_Oscillospiraceae;
f_Peptococcaceae; f_Rhizobiaceae; f_Sphingomonadaceae; f_Sutterellaceae; f_UCG-010; f_Xanthobacteraceae; g_Allobaculum; g_Allo-
prevotella; g_Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium; g_Anaerotruncus; g_Bradyrhizobium; g_Christensenellaceae_R-7_
group; g_Defluviitaleaceae_UCG-011; g_Eggerthella; g_Faecalibaculum; g_Family_XIlI_AD3011_group; g_Frisingicoccus; g_Lachnospi-
raceae_UCG-003; g_Lacticaseibacillus; g_Methylobacterium-Methylorubrum; g_Mycobacterium; g_NK4A214_group; g_Paraprevotella;
g Parasutterella; g_Prevotellaceae_NK3B31_group; g_Prevotellaceae_UCG-001; g_Pseudoflavonifractor; g_Sellimonas; g_Sphingobium;
g_Staphylococcus; g_UBA1819; g UCG_005; g_UCG-009; g_Veillonella; s_Alistipes obesi; s_Alistipes shahii; s_bacterium_YE57; s_Bi-
fidobacterium animalis; s_Bradyrhizobium elkanii; s_Clostridiaceae_bacterium_DJF_VR76; s_Lactobacillus mucosae; s_Lactobacillus
rhamnosus; s_Megasphaera micronuciformis; s_Parabacteroides merdae; s_Parabacteroides sp.; s_Sutterella wadsworthensis

f_Family_XI; g_Parvimonas; g_Tyzzerella; s_Blautia obeum Reduced in YEH- (7)

c_Thermoleophilia; o_Solirubrobacterales Elevated in YEH and
YADC (2)

s_Akkermansia muciniphila Elevated in YEH while

reduced in YADC (1)

Abbreviations: YEH, the Yang deficiency subjects with endometrial hyperplasia processes; YADC, the Yang deficiency subjects with no significant organic lesions were observed,; p,
phylum; c, class; o, order; f, family; g, genus; s, species.
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Figure 5. Bioinformatic analysis of EHPs, inflammation, estrogen, and differential flora-related genes. A. A Venn
diagram was used to analyze the common genes among estrogen-related DEGs, inflammation-related genes, and
endometrial hyperplasia process-related DEGs. B. A Venn diagram was used to analyze the common genes among
endometrial hyperplasia process-related genes, Akkermansia muciniphila-related DEGs, Lactobacillus rhamnosus-
related DEGs, Bifidobacterium animalis-related DEGs, and Parabacteroides merdaes-related DEGs. C. Interaction
analysis between inflammation-related genes, estrogen-related genes, and EHP-related genes. D. Interaction analy-
sis between inflammation-related genes, estrogen-related genes, EHP-related genes, and differentially abundant
flora-related genes. Abbreviations: DEGs, differentially expressed genes; EHPs, endometrial hyperplasia process-
related DEGs; Inflammation, inflammation-related genes; Estrogen, estrogen-related DEGs.
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However, there were more upregulated micro-
bial communities in the YEH group. Among
them, Pseudoflavonifractor, Paraprevotella,
Prevotellaceae_UCG-00131, Veillonella and
Sellimonas were associated with depression
[29-33], while Parasutterella was linked to psy-
chological stress [34]. Additionally, Anaero-
truncus was linked to endometriosis, and the
species Parabacteroides merdae was associ-
ated with chronic fatigue syndrome [35, 36].
The species Alistipes obesi and Alistipes
shahii, both belonging to the Alistipes genus,
were associated with chronic fatigue syndrome
[37]. It is worth noting that all of these diseas-
es exhibit inflammatory features [38-41].
Furthermore, opportunistic pathogens such
as Ruminococcaceae_NK4A214_group, Ch-
ristensenellaceae_R-7_group, Anaerotruncus,
Mycobacterium and the species Megasphaera
micronuciformis were positively correlated with
pro-inflammatory cytokines and inflammation
[42-486].

The presence of the genera Methylobacte-
rium-Methylorubrum, Staphylococcus Allorhi-
zobium-Neorhizobium-Pararhizobium-Rhizobi-
um and Veillonella, was found to be related to
abnormal proliferation-related diseases [46-
48]. The abundance of the genera Parasutt-
erella, Prevotellaceae_UCG-001, and the spe-
cies Bifidobacterium animalis, was positively
correlated with estradiol and tamoxifen treat-
ment [49-51]. The upregulation of these flora
related to inflammation and estrogen levels,
both of which may play essential roles in the
occurrence of endometrial hyperplasia and pol-
yps [562, 53]. Therefore, inflammation-related
and abnormal proliferation-related gut flora
were elevated in the YEH group, which may be
involved in the occurrence and development of
EHPs.

Nonetheless, the genera Defluviitaleaceae_
UCG-011 and species Allobaculum sp., Lact-
obacillus mucosae, Lactobacillus rhamnosus,
and Akkermansia muciniphila, which have been
reported to have anti-inflammatory functions
[54-58], were also found to be elevated in the
YEH group. However, due to their relatively
small proportion, their beneficial effects may
not be evident in the overall outcome of the
study.

The Thermoleophilia and Solirubrobacterales
are common upregulated flora in Yang defi-
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ciency with EHPs and Yang deficiency with no
apparent organic lesions. The Thermoleophilia
was the predominant class in the nasal micro-
biota of amyotrophic lateral sclerosis patients
[59], which is accompanied by both neuroin-
flammation, systemic inflammation, and dys-
regulated peripheral immunity [60, 61]. Addi-
tionally, the presence of Thermoleophilia is
positively associated with proteinuria [62],
which promotes interstitial inflammation [63].
The flora belonging to the Solirubrobacterales
order found so far consists of soil microorgan-
isms that are related to the degradation of
harmful compounds, such as 3,5-dichloroani-
line [64] and polycyclic aromatic hydrocarbons
[65, 66]. This suggests that there may be sub-
stances harmful to the health of individuals
with a Yang deficiency constitution. On the
other hand, A. muciniphila is downregulated in
Yang deficiency with no apparent organic le-
sions, but upregulated in the Yang deficiency
with EHPs. The A. muciniphila is known for its
anti-inflammatory and immunoregulatory ef-
fects, with potential therapeutic benefits for
various diseases [67, 68]. However, it is down-
regulated in individuals with Yang deficiency
without organic lesions, potentially hindering
its beneficial effects. These changes in intesti-
nal flora and their functions contribute to the
susceptibility of individuals with Yang deficiency
constitution to diseases. Despite the upregula-
tion of A. muciniphila in Yang deficiency sub-
jects with EHPs, the presence of other more
pro-inflammatory bacteria may neutralize its
anti-inflammatory effect.

Bioinformatic analysis revealed that EHPs
share common genes with inflammation and
estrogen, and these genes exhibit close inter-
actions, indicating the association of EHPs with
both inflammation and estrogen. However,
compared to estrogen-related genes, EHPs-
related genes show a higher number of shared
genes with inflammation-related genes, sug-
gesting a stronger correlation between EHPs
and inflammation. This is consistent with the
finding of a higher abundance of upregulated
inflammation-related microbial species in the
gut microbiota. Among the differentially abun-
dant microbial species, EHPs show a greater
number of genes associated with L. rhamno-
sus, indicating a closer relationship between
EHPs and L. rhamnosus compared to other
differentially abundant species. Within these
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genes, TNF is associated with EHPs, inflamma-
tion, and the gut microbiota L. rhamnosus,
while EGFR is associated with inflammation
and estrogen. TNF (tumor necrosis factor) is a
critical cytokine involved in systemic inflamma-
tory reactions, stimulating the production of
other inflammatory cytokines and chemokines,
and inducing necrosis and apoptosis in tumor
cells [69]. EGFR (epidermal growth factor re-
ceptor) is a member of the ERBB family of
tyrosine kinase receptors and plays a crucial
role in regulating cell proliferation, differentia-
tion, division, survival, and cancer development
[70]. Therefore, these core genes may play
important roles in the development of EHPs.

Conclusion

Yang deficiency constitution may be a risk fac-
tor for the occurrence and development of
EHPs. The inflammation and estrogen-related
intestinal flora of EHPs patients with Yang
deficiency were significantly higher than those
without Yang deficiency constitution and no
obvious organic lesions. These bacteria regu-
late host genes, such as inflammation-related
TNF and estrogen-related EGFR, and thus may
play a role in the development of EHPs.
Unfortunately, there is a lack of reports of dif-
ferentially expressed genes associated with
harmful flora, which limits the exploration of
the molecular mechanisms by which these
microbial communities contribute to disease
development. Surprisingly, the regulatory trend
of TNF gene expression in L. rhamnosus is si-
milar to that of inhibiting endometrial proli-
feration, suggesting that L. rhamnosus may be
a beneficial microflora for the prevention and
treatment of EHPs, but the beneficial effect
may not be significant due to the presence of
more pro-inflammatory bacteria in patients.
However, it also provides a research direction
for the treatment of EHPs.

Our study had a small sample size and an
uneven distribution between groups, which
may impact the accuracy of the conclusions.
However, we conducted bioinformatic analysis
of differential genes related to intestinal flora
from a large sample to improve the reliability of
the results. Furthermore, the merging of the
proportion data on Yang deficiency constitu-
tion from the literature with the data from this
study for epidemiological statistical analysis
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could not match basic characteristics such as
age and BMI index, which may have had a cer-
tain impact on the formation of conclusions.
Future studies should consider larger sample
sizes and animal models to further validate
these findings and explore their underlying
mechanisms.

Acknowledgements

All authors are very thankful to subjects who
participated in the present study. This work
was supported by the Applied Basic Research
Foundation of Yunnan Province (202101AYO-
70001-050, 202201AT070296, 202201AYO-
70001-033); Young academic and technical
leaders reserve talent project of Yunnan Pro-
vince (No. 202305AC160044); the National
Natural Science Foundation of China (818-
60255); and the innovative experimental proj-
ect for college students of Kunming Medi-
cine University (2023JXD338, 2023JXD166,
2023JXD178).

Written informed consent was obtained from
all participants.

Disclosure of conflict of interest
None.

Address correspondence to: Hua-Wei Wang, De-
partment of Reproduction and Genetics, The First
Affiliated Hospital of Kunming Medical University,
Kunming 650032, Yunnan, China. E-mail: wanghua-
wei99@163.com; Hui-Ming Guo and Xue-Hui Huang,
Department of Gynaecology, The First Affiliated
Hospital of Kunming Medical University, Kunming
650032, Yunnan, China. E-mail: guohuiming@
kmmu.edu.cn (HMG); huangxuehui@kmmu.edu.cn
(XHH); Xue Cao, Department of Laboratory Animal
Science, Kunming Medical University, Kunming
650500, Yunnan, China. E-mail: dirl865@163.com

References

[1]  Tsyndrenko N, Lyndin M, Sikora K, Wireko AA,
Abdul-Rahman T, Hyriavenko N and Romaniuk
A. ER and COX2 expression in endometrial hy-
perplasia processes. Medicine (Baltimore)
2023; 102: e34864.

[2] Andone BA, Handrea-Dragan IM, Botiz | and
Boca S. State-of-the-art and future perspec-
tives in infertility diagnosis: conventional ver-
sus nanotechnology-based assays. Nanomedi-
cine 2023; 54: 102709.

Int J Clin Exp Pathol 2024;17(4):121-136


mailto:wanghuawei99@163.com
mailto:wanghuawei99@163.com
mailto:guohuiming@kmmu.edu.cn
mailto:guohuiming@kmmu.edu.cn
mailto:huangxuehui@kmmu.edu.cn
mailto:dir1865@163.com

Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

133

Bessmertnaia VS, Samoilov MV, Serebrenniko-
va KG and Babichenko Il. Endometrial morpho-
logical and immunohistochemical features in
females with primary and secondary infertility.
Arkh Patol 2008; 70: 31-34.

Jiang QY, Li J, Zheng L, Wang GH and Wang J.
Constitution of traditional chinese medicine
and related factors in women of childbearing
age. J Chin Med Assoc 2018; 81: 358-365.
Wang J, Li Y, Ni C, Zhang H, Li L and Wang Q.
Cognition research and constitutional classifi-
cation in Chinese medicine. Am J Chin Med
2011; 39: 651-660.

Yu R, Liu D, Yang Y, Han Y, Li L, Zheng L, Wang
J, Zhang Y, Li Y, Wang QF and Wang Q. Expres-
sion profiling-based clustering of healthy sub-
jects recapitulates classifications defined by
clinical observation in Chinese medicine. J
Genet Genomics 2017; 44: 191-197.

Sun Y, Chu JZ, Geng JR, Guan FL, Zhang SC,
Ma YC, Zuo QQ, Jing XZ and Du HL. Label-free
based quantitative proteomics analysis to ex-
plore the molecular mechanism of gynecologi-
cal cold coagulation and blood stasis syn-
drome. Anat Rec (Hoboken) 2023; 306:
3033-3049.

Su S, Duan J, Cui W, Shang E, Liu P, Bai G, Guo
S, Qian D and Tang Y. Network-based biomark-
ers for cold coagulation blood stasis syndrome
and the therapeutic effects of shaofu zhuyu
decoction in rats. Evid Based Complement Al-
ternat Med 2013; 2013: 901943.

Raz N, Feinmesser L, Moore O and Haimovich
S. Endometrial polyps: diagnosis and treat-
ment options - a review of literature. Minim In-
vasive Ther Allied Technol 2021; 30: 278-287.
Montgomery BE, Daum GS and Dunton CJ. En-
dometrial hyperplasia: a review. Obstet Gyne-
col Surv 2004; 59: 368-378.

Kayastha S. Study of endometrial tissue in dys-
functional uterine bleeding. Nepal Med Coll J
2013; 15: 27-30.

Liang X, Wang Q, Jiang Z, Li Z, Zhang M, Yang P,
Wang X, Wang Y, Qin Y, Li T, Zhang T, Wang Y,
Sun J, Li Y, Luo H and Li L. Clinical research
linking traditional Chinese medicine constitu-
tion types with diseases: a literature review of
1639 observational studies. J Tradit Chin Med
2020; 40: 690-702.

Jing Y, Han S, Chen J, Lai Y, Cheng J, Li F, Xiao
Y, Jiang P, Sun X, Luo R, Zhao X and Liu Y. Gut
microbiota and urine metabonomics altera-
tions in constitution after Chinese medicine
and lifestyle intervention. Am J Chin Med
2021; 49: 1165-1193.

Zhang HX, Wang LM, Guo JP, Wang JA, Zhang
QQ, Wang YT, Liu X, Zhang LH, Shi LL, Wu HX
and Cao X. Gut microbiota and differential
genes-maintained homeostasis is key to main-

(15]

[17]

(18]

(19]

[20]

[22]

(23]

[24]

[25]

taining health of individuals with Yang-deficien-
cy constitution. J Tradit Chin Med 2022; 42:
96-101.

Xing T, Hu 'Y, Yang J, Chang D and Shang X. Con-
stitutions in traditional Chinese medicine and
factors influencing them in lJilin province of
China. Altern Ther Health Med 2023; 29: 188-
199.

Takahashi S, Tomita J, Nishioka K, Hisada T
and Nishijima M. Development of a prokaryotic
universal primer for simultaneous analysis of
bacteria and archaea using next-generation
sequencing. PLoS One 2014; 9: e105592.
Martin M. Cutadapt removes adapter sequenc-
es from high-throughput sequencing reads.
EMBnet J 2011; 17: 10-12.

Quast C, Pruesse E, Yilmaz P, Gerken J,
Schweer T, Yarza P, Peplies J and Glockner FO.
The SILVA ribosomal RNA gene database proj-
ect: improved data processing and web-based
tools. Nucleic Acids Res 2013; 41: D590-596.
Edgar RC, Haas BJ, Clemente JC, Quince C and
Knight R. UCHIME improves sensitivity and
speed of chimera detection. Bioinformatics
2011; 27: 2194-2200.

Caporaso JG, Kuczynski J, Stombaugh J, Bit-
tinger K, Bushman FD, Costello EK, Fierer N,
Pena AG, Goodrich JK, Gordon JI, Huttley GA,
Kelley ST, Knights D, Koenig JE, Ley RE, Lozu-
pone CA, McDonald D, Muegge BD, Pirrung M,
Reeder J, Sevinsky JR, Turnbaugh PJ, Walters
WA, Widmann J, Yatsunenko T, Zaneveld J and
Knight R. QIIME allows analysis of high-
throughput community sequencing data. Nat
Methods 2010; 7: 335-336.

Segata N, Izard J, Waldron L, Gevers D, Miropol-
sky L, Garrett WS and Huttenhower C. Metage-
nomic biomarker discovery and explanation.
Genome Biol 2011; 12: R60.

Berceanu C, Cernea N, Capitanescu RG,
Comanescu AC, Paitici S, Rotar IC, Bohiltea RE
and Olinca MV. Endometrial polyps. Rom J Mor-
phol Embryol 2022; 63: 323-334.

Romero SA, Young K, Hickey M and Su HI. Le-
vonorgestrel intrauterine system for endome-
trial protection in women with breast cancer on
adjuvant tamoxifen. Cochrane Database Syst
Rev 2020; 12: CDO07245.

Li F, Wei S, Yang S, Liu Z and Nan F. Post hys-
teroscopic progesterone hormone therapy in
the treatment of endometrial polyps. Pak J
Med Sci 2018; 34: 1267-1271.

Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder
S, Huerta-Cepas J, Simonovic M, Doncheva NT,
Morris JH, Bork P, Jensen LJ and Mering CV.
STRING v11: protein-protein association net-
works with increased coverage, supporting
functional discovery in genome-wide experi-
mental datasets. Nucleic Acids Res 2019; 47:
D607-D613.

Int J Clin Exp Pathol 2024;17(4):121-136



Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

134

Shannon P, Markiel A, Ozier O, Baliga NS,
Wang JT, Ramage D, Amin N, Schwikowski B
and Ideker T. Cytoscape: a software environ-
ment for integrated models of biomolecular
interaction networks. Genome Res 2003; 13:
2498-2504.

Cai M. There are 50 patients who were treated
with the method of promoting blood circulation
combined with regulating menstrual cycle for
their endometrial thickening. Guide of China
Meddicine (Chinese) 2016; 14: 186-188.
Clemente JC, Ursell LK, Parfrey LW and Knight
R. The impact of the gut microbiota on human
health: an integrative view. Cell 2012; 148:
1258-1270.

Zhu HZ, Liang YD, Ma QY, Hao WZ, Li XJ, Wu
MS, Deng LJ, Li YM and Chen JX. Xiaoyaosan
improves depressive-like behavior in rats with
chronic immobilization stress through modula-
tion of the gut microbiota. Biomed Pharmaco-
ther 2019; 112: 108621.

Liskiewicz P, Kaczmarczyk M, Misiak B,
Wrofiski M, Baba-Kubi$ A, Skonieczna-Zydecka
K, Marlicz W, Bienkowski P, Misera A, Petka-
Wysiecka J, Kucharska-Mazur J, Konopka A,
toniewski | and Samochowiec J. Analysis of gut
microbiota and intestinal integrity markers of
inpatients with major depressive disorder. Prog
Neuropsychopharmacol Biol Psychiatry 2021;
106: 110076.

Barandouzi ZA, Starkweather AR, Henderson
WA, Gyamfi A and Cong XS. Altered composi-
tion of gut microbiota in depression: a system-
atic review. Front Psychiatry 2020; 11: 541.
Liao XX, Hu K, Xie XH, Wen YL, Wang R, Hu ZW,
Zhou YL, Li JJ, Wu MK, Yu JX, Chen JW, Ren P,
Wu XY and Zhou JJ. Banxia Xiexin decoction al-
leviates AS co-depression disease by regulat-
ing the gut microbiome-lipid metabolic axis. J
Ethnopharmacol 2023; 313: 116468.
Radjabzadeh D, Bosch JA, Uitterlinden AG,
Zwinderman AH, Ikram MA, van Meurs JBJ,
Luik Al, Nieuwdorp M, Lok A, van Duijn CM,
Kraaij R and Amin N. Gut microbiome-wide as-
sociation study of depressive symptoms. Nat
Commun 2022; 13: 7128.

Zhangy, Zhang J, Wu J, Zhu Q, Chen Cand Li Y.
Implications of gut microbiota dysbiosis and fe-
cal metabolite changes in psychologically
stressed mice. Front Microbiol 2023; 14:
1124454,

Liang Y, Zeng W, Hou T, Yang H, Wu B, Pan R
and Huang L. Gut microbiome and reproduc-
tive endocrine diseases: a Mendelian random-
ization study. Front Endocrinol (Lausanne)
2023; 14: 1164186.

Yan Q, GuY, Li X, Yang W, Jia L, Chen C, Han X,
Huang Y, Zhao L, Li P, Fang Z, Zhou J, Guan X,
Ding Y, Wang S, Khan M, Xin Y, Li S and Ma Y.

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Alterations of the gut microbiome in hyperten-
sion. Front Cell Infect Microbiol 2017; 7: 381.
Frémont M, Coomans D, Massart S and De
Meirleir K. High-throughput 16S rRNA gene se-
quencing reveals alterations of intestinal mi-
crobiota in myalgic encephalomyelitis/chronic
fatigue syndrome patients. Anaerobe 2013;
22:50-56.

Beurel E, Toups M and Nemeroff CB. The bidi-
rectional relationship of depression and in-
flammation: double trouble. Neuron 2020;
107: 234-256.

Li Y, Wan H, Ma R, Liu T, Chen Y and Dong Y.
Chronic stress that changed intestinal perme-
ability and induced inflammation was restored
by estrogen. Int J Mol Sci 2023; 24: 12822.
Chaves-Filho AM, Braniff O, Angelova A, Deng Y
and Tremblay ME. Chronic inflammation, neu-
roglial dysfunction, and plasmalogen deficien-
cy as a new pathobiological hypothesis ad-
dressing the overlap between post-COVID-19
symptoms and myalgic encephalomyelitis/
chronic fatigue syndrome. Brain Res Bull
2023; 201: 110702.

Zhang J,Yin Z, Xu Y, Wei C, Peng S, Zhao M, Liu
J,XuS, Pan W, Zheng Z, Liu S, Ye J, Qin JJ, Wan
Jand Wang M. Resolvin E1/ChemR23 protects
against hypertension and vascular remodeling
in angiotensin ll-induced hypertensive mice.
Hypertension 2023; 80: 2650-2664.

Wang X, Liu D, Li D, Yan J, Yang J, Zhong X, Xu
Q, Xu'Y, Xia Y, Wang Q, Cao H and Zhang F.
Combined treatment with glucosamine and
chondroitin sulfate improves rheumatoid ar-
thritis in rats by regulating the gut microbiota.
Nutr Metab (Lond) 2023; 20: 22.

Chen HH, Wu QJ, Zhang TN and Zhao YH. Gut
microbiome and serum short-chain fatty acids
are associated with responses to chemo- or
targeted therapies in Chinese patients with
lung cancer. Front Microbiol 2023; 14:
1165360.

Eribo OA, du Plessis N and Chegou NN. The In-
testinal commensal, bacteroides fragilis, mod-
ulates host responses to viral infection and
therapy: lessons for exploration during myco-
bacterium tuberculosis infection. Infect Immun
2022; 90: e0032121.

Salliss ME, Maarsingh JD, Garza C, Laniewski
P and Herbst-Kralovetz MM. Veillonellaceae
family members uniquely alter the cervical
metabolic microenvironment in a human
three-dimensional epithelial model. NPJ Bio-
films Microbiomes 2021; 7: 57.

Zheng HH, Du CT, Yu C, Tang XY, Huang RL,
Zhang YZ, Gao W and Xie GH. The relationship
of tumor microbiome and oral bacteria and in-
testinal dysbiosis in canine mammary tumor.
Int J Mol Sci 2022; 23: 10928.

Int J Clin Exp Pathol 2024;17(4):121-136



Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

[47]

(48]

[49]

[50]

[51]

(52]

(53]

[54]

[55]

(56]

[57]

135

Hrbacek J, Tlaskal V, Cermék P, Hanagek V and
Zachoval R. Bladder cancer is associated with
decreased urinary microbiota diversity and al-
terations in microbial community composition.
Urol Oncol 2023; 41: 107.e115-107.e122.
Chattopadhyay I, Gundamaraju R and Rajeev
A. Diversification and deleterious role of micro-
biome in gastric cancer. Cancer Rep (Hoboken)
2023; 6: €1878.

Wu Y, Peng X, Li X, Li D, Tan Z and Yu R. Sex
hormones influence the intestinal microbiota
composition in mice. Front Microbiol 2022; 13:
064847.

Li H, Gao X, Chen Y, Wang M, Xu C, Yu Q, JinYY,
Song J and Zhu Q. Potential risk of tamoxifen:
gut microbiota and inflammation in mice with
breast cancer. Front Oncol 2023; 13:1121471.
LiuY, Zhou Y, Mao T, Huang Y, Liang J, Zhu M,
Yao P, Zong Y, Lang J and Zhang Y. The relation-
ship between menopausal syndrome and gut
microbes. BMC Womens Health 2022; 22:
437.

Ruan LY, Lai ZZ, Shi JW, Yang HL, Ye JF, Xie F,
Qiu XM, Zhu XY and Li MQ. Excess heme
promotes the migration and infiltration of mac-
rophages in endometrial hyperplasia compli-
cated with abnormal uterine bleeding. Biomol-
ecules 2022; 12: 849.

Kubyshkin AV, Aliev LL, Fomochkina Il, Kova-
lenko YP, Litvinova SV, Filonenko TG, Lomakin
NV, Kubyshkin VA and Karapetian OV. Endome-
trial hyperplasia-related inflammation: its role
in the development and progression of endo-
metrial hyperplasia. Inflamm Res 2016; 65:
785-794.

Li CY, Dempsey JL, Wang D, Lee S, Weigel KM,
Fei Q, Bhatt DK, Prasad B, Raftery D, Gu H and
Cui JY. PBDEs altered gut microbiome and bile
acid homeostasis in male C57BL/6 mice. Drug
Metab Dispos 2018; 46: 1226-1240.

Ma X, Kim JK, Shin YJ, Son YH, Lee DY, Park HS
and Kim DH. Alleviation of cognitive impair-
ment-like behaviors, neuroinflammation, coli-
tis, and gut dysbiosis in 5xFAD transgenic and
aged mice by lactobacillus mucosae and bifi-
dobacterium longum. Nutrients 2023; 15:
3381.

Huang HS, Lin YE, Panyod S, Chen RA, Lin YC,
Chai LMX, Hsu CC, Wu WK, Lu KH, Huang YJ
and Sheen LY. Anti-depressive-like and cogni-
tive impairment alleviation effects of Gastrodia
elata Blume water extract is related to gut mi-
crobiome remodeling in ApoE(-/-) mice ex-
posed to unpredictable chronic mild stress. J
Ethnopharmacol 2023; 302: 115872.

Najafi S, Sotoodehnejadnematalahi F, Amiri
MM, Pourshafie MR and Rohani M. Prophylac-
tic vs. therapeutic effect of probiotics on the

(58]

(59]

[63]

[64]

[65]

[66]

[67]

inflammation mediated by the NF-kB pathway
in inflammatory bowel conditions. Biomedi-
cines 2023; 11: 1675.

Nasiri G, Azimirad M, Goudarzi H, Amirkamali
S, Yadegar A, Ghalavand Z, Shahrokh S, Asa-
dzadeh Aghdaei H and Zali MR. The inhibitory
effects of live and UV-killed Akkermansia mu-
ciniphila and its derivatives on cytotoxicity and
inflammatory response induced by Clostridioi-
des difficile RTOO1 in vitro. Int Microbiol 2023;
[Epub ahead of print].

Liu K, Guo Q, Ding Y, Luo L, Huang J and Zhang
Q. Alterations in nasal microbiota of patients
with amyotrophic lateral sclerosis. Chin Med J
(Engl) 2024; 137: 162-171.

McCauley ME and Baloh RH. Inflammation in
ALS/FTD pathogenesis. Acta Neuropathol
2019; 137: 715-730.

Cao W and Fan D. Neutrophils: a subgroup of
neglected immune cells in ALS. Front Immunol
2023; 14: 1246768.

He H, Lin M, You L, Chen T, Liang Z, Li D, Xie C,
Xiao G, Ye P, Kong Y and Zhou Y. Gut microbiota
profile in adult patients with idiopathic ne-
phrotic syndrome. Biomed Res Int 2021; 2021:
88549609.

Makhammajanov Z, Gaipov A, Myngbay A, Bu-
kasov R, Aljofan M and Kanbay M. Tubular tox-
icity of proteinuria and the progression of
chronic kidney disease. Nephrol Dial Trans-
plant 2023; [Epub ahead of print].

Vasileiadis S, Puglisi E, Papadopoulou ES, Per-
tile G, Suciu N, Pappolla RA, Tourna M, Karas
PA, Papadimitriou F, Kasiotakis A, Ipsilanti N,
Ferrarini A, Sutowicz S, Fornasier F, Menkissog-
lu-Spiroudi U, Nicol GW, Trevisan M and Kar-
pouzas DG. Blame it on the metabolite: 3,5-di-
chloroaniline rather than the parent compound
is responsible for the decreasing diversity and
function of soil microorganisms. Appl Environ
Microbiol 2018; 84: e01536-18.

Liu J, LiuY, Dong W, Li J, Yu S, Wang J and Zuo
R. Shifts in microbial community structure and
function in polycyclic aromatic hydrocarbon
contaminated soils at petrochemical landfill
sites revealed by metagenomics. Chemo-
sphere 2022; 293: 1335009.

Urana R, Yadav J, Panchal S, Sharma P and
Singh N. Phytoremediation of PAH compounds
by microbial communities in sodic soil. Int J
Phytoremediation 2023; 25: 1501-1509.

Guo M, Lu M, Chen K, Xu R, Xia Y, Liu X, Liu Z
and Liu Q. Akkermansia muciniphila and Lac-
tobacillus plantarum ameliorate systemic lu-
pus erythematosus by possibly regulating im-
mune response and remodeling gut microbiota.
mSphere 2023; 8: e0007023.

Int J Clin Exp Pathol 2024;17(4):121-136



Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

(68]

[69]

136

Pellegrino A, Coppola G, Santopaolo F, Gas-
barrini A and Ponziani FR. Role of Akkermansia
in human diseases: from causation to thera-
peutic properties. Nutrients 2023; 15: 1815.
Chu WM. Tumor necrosis factor. Cancer Lett
2013; 328: 222-225.

[70] Sabbah DA, Hajjo R and Sweidan K. Review on
epidermal growth factor receptor (EGFR) struc-
ture, signaling pathways, interactions, and re-
cent updates of EGFR inhibitors. Curr Top Med
Chem 2020; 20: 815-834.

Int J Clin Exp Pathol 2024;17(4):121-136



Proposed cause of endometrial hyperplastic processes in Yang deficiency subjects

Table S1. Questionnaire and criteria for identifying yang deficiency constitution

Can you please answer the question based on No Very few Sometimes Frequently Always
your experiences and feelings over the past year? (absolutely not) (a little bit) (some) (quite) (very)
(1) Do you feel cold in your hands and feet? 1 2 3 4 5
(2) Do you feel cold in the epigastric, back, or 1 2 3 3 3
lumbar region?

(3) Do you feel more sensitive to cold and wear 1 2 3 3 3
more clothes than others?

(4) Do you have a lower tolerance for cold 1 2 3 3 3

than most people (such as in cold winter, air
conditioning, or fans in summer)?

(5) Are you more prone to catching a cold than 1 2 3 3 3
others?

(6) Do you feel uncomfortable or afraid of 1 2 3 3 3
consuming cold food or drinks?

(7) Do you experience diarrhea or stomach 1 2 3 3 3

discomfort after getting cold or consuming cold
food or drinks?

Note: 1. Original score = Sum of individual item scores. 2. Conversion score = [(Raw score - Number of items)/(Number of
items * 4)] x 100. 3. If the conversion score is greater than or equal to 40, it is determined to be a yang deficiency constitu-
tion. 4. If the conversion score is between 30-39 points, it may indicate a yang deficiency constitution. 5. If the conversion
score is less than 30 points, it is considered a non-yang deficiency constitution.

Table S2. Diagnostic standards for the Yang deficiency constitution

Yang deficiency

Main characteristics Cold intolerance
Cold hands, feet, stomach, and waist
Secondary characteristics Calm and introverted personality

Feeling cold easily, low energy, slow and deep pulse.
Prefer hot food and drinks

Susceptible to cold

Watery stool

Fat

Whitish skin

Nocturia

Tender and pale tongue
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Table S3. Characteristics of participants in this study (N=8)

_— ) N Height Weight BMI
Sample ID Age Constitution type Pathological examination results Group (m) (kg) (ke/m?)
YEH1 59 Yang deficiency consitution Endometrial polyps, complex hyperplasia with atypia YEH 1.58 50 20.03
YEH2 35 Yang deficiency consitution Endometrial polyps YEH 1.63 48 18.07
YEH3 46 Yang deficiency consitution Endometrial hyperplasia with endometrial polyps YEH 1.58 61 24.44
YEH4 44 Yang deficiency consitution Endometrial polyps YEH 1.50 49 21.78
YEH5 72 Yang deficiency consitution Endometrial hyperplasia YEH 1.48 67 30.59
YEH6 74 Yang deficiency consitution Endometrial complex hyperplasia with focal atypical hyperplasia YEH 1.50 75 33.33
YEH7 45 Yang deficiency consitution Endometrial simple hyperplasia with polypoid growth YEH 1.55 67 27.89
YEH8 46 Yang deficiency consitution Endometrial hyperplasia with focal atypical glandular hyperplasia YEH 1.56 60 24.65
NYEH1 54 non-Yang deficiency consitution Endometrial polyps NYEH 1.50 48 21.33
NYEH2 42  non-Yang deficiency consitution Endometrial simple hyperplasia with endometrial polyps NYEH 1.55 50 20.81
NYEH3 55  non-Yang deficiency consitution Endometrial hyperplasia NYEH 1.55 61 25.39

Abbreviations: YEH, the Yang deficiency subjects with endometrial hyperplasia processes; NYEH, non-Yang deficiency subjects with endometrial hyperplasia processes.

Table S4. The a-diversity was assessed using observed species, Shannon, Simpson, Chaol, ACE, and goods coverage indices to compare the
diversity between the two groups

Observed_species Shannon Simpson Chaol Ace Goods_coverage PD_whole_tree
YEH (mzs) 465.6+125.1 4.8+0.7 0.89+0.05 492.6+134.4 499.6+135.2 0.999+0.0003 46.3116.0
NYEH (m#s) 558.0+32.1 5.2+0.1 0.92+0.003 594.7+34.4 602.0+38.4 0.999+0.0002 51.3+16.6
p value 0.22 0.22 0.22 0.22 0.22 0.18 0.84

Abbreviations: YEH, the Yang deficiency subjects with endometrial hyperplasia processes; NYEH, non-Yang deficiency subjects with endometrial hyperplasia processes; m, Mean
value; s, standard deviation.
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Table S5. Significantly different bacterial taxa identified by Metastats and LefSe analysis at phylum,
class, order, family, genus, and species levels between YEH and NYEH

Taxa level Slgg\fllgfnt Identify method Enrichment
f__Family_XI family # LEfSe 0
g Parvimonas genus # LEfSe 0
g Tyzzerella genus # LEfSe 0
s__Blautia_obeum species i Metastats/LEfSe 0
p__unidentified_Bacteria plylum * Metastats 1
c__Alphaproteobacteria calss * Metastats 1
c__Clostridia calss * Metastats 1
c__Thermoleophilia calss * Metastats 1
o__Burkholderiales order * Metastats 1
o__Christensenellales order *rH Metastats 1
o__Micrococcales order * Metastats 1
o__Peptococcales order * Metastats 1
o__Rhizobiales order * Metastats 1
o__Solirubrobacterales order * Metastats 1
f__[Eubacterium]_coprostanoligenes_group family it 2 Metastats/LEfSe 1
f_67-14 family * Metastats 1
f__Beijerinckiaceae family * Metastats 1
f__Christensenellaceae family *xH Metastats/LEfSe 1
f__Defluviitaleaceae family ki Metastats/LEfSe 1
f__Erysipelotrichaceae family *# Metastats/LEfSe 1
f__Microbacteriaceae family * Metastats 1
f__Muribaculaceae family *k Metastats 1
f__Mycobacteriaceae family * Metastats 1
f__Nocardioidaceae family * Metastats 1
f__Oscillospiraceae family *# Metastats/LEfSe 1
f__Peptococcaceae family * Metastats 1
f__Rhizobiaceae family * Metastats 1
f__Sphingomonadaceae family * Metastats 1
f__Sutterellaceae family * Metastats 1
f__UCG-010 family * Metastats 1
f__Xanthobacteraceae family * Metastats 1
g Allobaculum genus * Metastats 1
g Alloprevotella genus * Metastats 1
g __Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium  genus * Metastats 1
g__Anaerotruncus genus * Metastats 1
g__Bradyrhizobium genus * Metastats 1
g Christensenellaceae_R-7_group genus *EH Metastats 1
g Defluviitaleaceae_UCG-011 genus kA Metastats 1
g Eggerthella genus * Metastats 1
g Faecalibaculum genus * Metastats 1
g Family_XIllI_AD3011_group genus *# Metastats/LEfSe 1
g Frisingicoccus genus *xH Metastats/LEfSe 1
g lachnospiraceae_UCG-003 genus * Metastats 1
g lacticaseibacillus genus * Metastats 1
g Methylobacterium-Methylorubrum genus * Metastats 1
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g__Mycobacterium genus * Metastats 1
g NK4A214_group genus * Metastats 1
g Paraprevotella genus kA Metastats/LEfSe 1
g Parasutterella genus * Metastats 1
g Prevotellaceae_NK3B31_group genus wx Metastats 1
g Prevotellaceae_UCG-001 genus * Metastats 1
g Pseudoflavonifractor genus * Metastats 1
g Sellimonas genus * Metastats 1
g Sphingobium genus * Metastats 1
g Staphylococcus genus * Metastats 1
g UBA1819 genus * Metastats 1
g UCG_005 genus # LEfSe 1
g UCG-009 genus * Metastats 1
g Veillonella genus * Metastats 1
s__Akkermansia_muciniphila species * Metastats 1
s__Alistipes_obesi species * Metastats 1
s__Alistipes_shabhii species * Metastats 1
s__bacterium_YE57 species * Metastats 1
s__Bifidobacterium_animalis species x4 Metastats/LEfSe 1
s__Bradyrhizobium_elkanii species * Metastats 1
s__Clostridiaceae_bacterium_DJF_VR76 species *k Metastats 1
s__Lactobacillus_mucosae species *% Metastats 1
s__Lactobacillus_rhamnosus species * Metastats 1
s__Megasphaera_micronuciformis species * Metastats 1
s__Parabacteroides_merdae species *H# Metastats/LEfSe 1
s__Parabacteroides_sp species *H# Metastats/LEfSe 1
s__Sutterella_wadsworthensis species *x Metastats 1

Note: *p < 0.05; **p < 0.01; # LDA Score (log 10) > 2.0. 1 = YEH; O = NYEH.
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Figure S1. Curve charts for samples in this study. A. Rarefaction curves based on the observed species. B. Species
accumulation curves. The blue-shaded areas represent confidence intervals of OTUs number, which was deter-
mined. Each curve represents one sample.
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Table S6. The differentially expressed gene datasets used for bioinformatics analysis in this study

Group

Datasets

Methods to promote endometrial growth

Methods to inhibit endometrial growth

Akkermansia muciniphila

Bifidobacterium animalis
Lactobacillus rhamnosus

Parabacteroides merdae

Tamoxifen: GSE106892, GSE3013, GSE14518
Estrogen: GSE3013, GSE14518, GSE12446 (1)
Tamoxifen+ estrogen: GSE14518

Levonorgestrel intrauterine syste (LNG-IUS): GSE60129 (1),
GSE137765 (1)

Levonorgestrel-containing oral contraceptive: GSE137765 (2)
Medorxyprogesterone acetate (MPA): GSE55691 (1), GSE60129 (2)
Etonogestrol (ETO): GSE55691 (2)

Progesterone (P): GSE55691 (3)

GSE211506 (1), GSE211506 (2), GSE126730 (1), GSE126730 (2),
GSE59644

GSE201075, GSE21930, GSE63531

GSE84949 (1), GSE84949 (2), GSE84949 (3), GSE72804 (1),
GSE72804 (2), GSE20940 (1), GSE20940 (2), GSE20940 (3),
GSE20940 (4), GSE62311(1), GSE62311 (2)
(

GSE88919 (1), GSE88919 (2)

Table S9. Differentially expressed genes related to Akkermansia muciniphila

Gene.symbol logFC
MEP1B -0.74056821
OTOP2 -0.67806023
EDN1 -0.65471107
PLK1 -6.47E-01
CXCcL1 0.60534824
SLC25A25 0.6406248
PLCXD1 0.66350816
PRSS22 0.71493494
YOD1 0.85224912
IER3 0.867574117
FOS 1.13568465
HBEGF 1.45741329

Table S10. Differentially expressed genes related to Bifidobacterium animalis

Gene symbol logFC
CSF3 -2.393778084
TMEM182 -1.777885161
TRIM9 -1.174318055
BAG2 -0.733530429
CNTNAP2 -0.63903156
BRCA1 -0.613215879
PSRC1 -0.605212837
SNORD58B 0.607724955
SNORAG1 0.707320904
TMEM144 0.973622086
C8B 2.935571989
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Table S12. Differentially expressed genes related to Parabacteroides merdae

Gene symbol logFC
IGH-VJ558 -2.180005858
NLRP9B -1.076688025
SGK1 -0.918463525
EID3 -0.91317661
PLA2G4C -0.878965435
ANKRD12 -0.81461154
ZFP991 -0.78085141
ZFP950 -0.766964095

A830080DO1RIK
TAF1D
MYO9A
TRDN
MYZAP
ADAM4
DCUN1D5
PAPPA2
ACPP
GM20831
SSTY1
POLE
RCC2
FRAT1
CLIC6

-0.727377545
-0.704520615
-0.658174342
-0.646220495
-0.640502115
-0.629779795
-0.614755815
0.648158673
0.651200155
0.729725196
0.729725196
0.73599332
0.766438735
0.76811958
0.83968738
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Table S17. Differentially expressed genes which might related to endometrial hyperplasia processes

Gene symbol logFC, . i IogFCmmme Relevance score
SLC18A2 -1.942266798 1.304551796 5.285880089
CEACAM1 -1.195350508 1.809247991 5.291052818
MSX1 -6.55E-01 0.993553258 5.339707851
MMP10 1.92456962 -7.83E-01 5.666735172
HTRA1 6.94E-01 -0.83967565 5.672434807
SAMHD1 7.11E-01 -1.06E+00 6.028414726
PLEK 1.578124657 -0.93637934 6.181598186
NCAM1 8.92E-01 -1.339062756 6.327258587
GZMB 1.35379665 -1.498839795 6.482638359
CCL3 1.303188028 -2.294725016 7.032598019
DSP -9.78E-01 2.304930223 7.064298153
UCHL1 1.08E+00 -0.93101259 7.163775444
NLRP3 8.16E-01 -0.98064053 7.588256359
PLAUR 1.33E+00 -1.690667165 7.789633751
CLDN3 -7.16E-01 1.356962455 8.173981667
KRT8 -0.972470667 1.599805982 8.41655159
PTPRC 1.588444263 -0.788663168 9.130378723
HSD11B1 1.77950448 -0.949267133 11.32518101
CTSL 1.567822663 -0.69553638 11.59943962
EPCAM -9.48E-01 1.290798653 12.09244442
PAX8 -8.89E-01 6.67E-01 12.15378761
EZR -6.57E-01 0.96741593 12.93273354
ERBB3 -8.36E-01 1.142784635 14.97532368
MMP3 1.22E+00 -1.634073905 16.92087936
MME -1.1950781 2.118469214 17.84244537
CCL2 2.490122893 -1.21192065 18.72039795
IGFBP1 2.939555337 -1.49429595 18.73225975
MMP1 1.224754025 -1.882387757 19.2563839
TNF 7.04E-01 -1.282422743 26.31483841
CDH1 -1.02E+00 3.731074497 53.55101013




