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Purpose: Abdominal aortic aneurysm (AAA) demonstrates many features of autoimmune

diseases. Y chromosome, sex-determining region of the Y chromosome (SRY) gene, andro-

gen receptor (AR) gene, and androgen appear as potential candidates for influence of the male

immune function. This study investigated Y chromosome numbers, SRY gene, AR gene, and

androgen levels in male AAAs. We also investigated the correlation between Y chromosome

loss (LOY) ratio, SRY expression, androgen levels, and age.

Patients and methods: We investigated LOY by fluorescence in situ hybridization (FISH)

in 37 AAAs and compared with 12 patients with abdominal aortic atherosclerotic occlusive

disease (AOD) and 91 healthy controls (HC). We investigated SRY and AR expression at

mRNA level by real-time PCR in peripheral T lymphocytes in AAA compared with AOD

and HC, and AR protein levels by immunohistochemistry (IHC) in AAA. LOY, SRY

expression, androgen levels, and age were examined for correlations using the Spearman’s

rank correlation coefficient.

Results: LOY ratio in peripheral T lymphocytes was significantly higher in the AAA group

compared with the HC (9.11% vs 5.56%, P<0.001) and AOD groups (9.11% vs 6.42%,

P=0.029). The SRY mRNA expression in peripheral T lymphocytes was 4.7-fold lower

expressed in the AAA group than in the HC group (P<0.001). Free plasma testosterone levels

were lower in the AAA group compared with the HC group (P=0.036), whereas sex

hormone-binding globulin levels were higher (P=0.020). LOY ratio and expression of SRY

mRNA level increased with age in the AAA group (R=0.402 and, R=0.366, respectively).

A significant correlation between AR mRNA level (R=0.692) and aortic diameter was

detected. Simultaneously, in AAA tissue, the rate of LOY increased with age (R=0.547)

and also positively associated with LOY in peripheral blood T lymphocytes (R=0.661).

Conclusion: This study identified a prominent Y chromosome loss in male AAAs, which is

correlated to age, lower level of SRY expression and free testosterone, providing a new clue

for the mechanisms of AAA.

Keywords: abdominal aortic aneurysm, age-related, Y chromosome, sex-determining region

of the Y chromosome (SRY), testosterone

Introduction
Abdominal aortic aneurysm (AAA) is a major cause of morbidity and mortality in

western countries,1,2 the incidence and prevalence of which in China have increased

significantly during the last two decades.3 Despite surgical advances, the recent interest

in developing new therapies for treating small asymptomatic, nonoperation-indicated

AAA has led to greater efforts to investigate and define its cellular and molecular

nature. Increasing evidence suggests that the immune response contributes to the

development of aneurysmal diseases, and AAAs demonstrate many features of
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autoimmune diseases, including genetic predisposition,

organ specificity, and chronic inflammation.4,5 It is well

documented that infiltrating T cells are essentially always

present in AAA lesions, and AAA is likely a specific auto-

immune T-cell disease.6 Besides, a striking gender difference

exhibited in AAApatients revealed a male: female ratio of up

to 4:1, and male sex is one of the strongest risk factors for

AAA.7 Pathogenetic hypotheses include possible roles for

androgen, environmental triggers, and genetic susceptibility.

The genetic influence on AAA initially focused on the

relevance of autosomal genes, and possible susceptibility

gene(s) have been identified in rare cases of AAAs with

familial tendencies.8,9 However, most AAAs are sporadic,

and no relevant genetic factors have yet been identified in

these cases. Sex chromosomes have been recently investi-

gated in terms of loss of mosaicism, reactivation, and

haploinsufficiency in numerous autoimmune diseases and

cancers, and other diseases demonstrating sexual

dimorphism.10–14 The Y chromosome contains many

genes related to sex determination, hormone generation,

and fertility, but also harbors several X homologs, which

might exert relevant roles in immune function.15 The sex-

determining region of the Y chromosome (SRY) gene

includes a high-mobility group domain, a conserved

motif present in many DNA-binding proteins, which

could be involved in the regulation of multiple functions

such as postnatal steroidogenesis and spermatogenesis.16

A recent large population-based study of Australian men

showed that patients with AAA had lower free and total

testosterone levels than men without AAA.17 Furthermore,

levels of free testosterone were inversely correlated with

AAA, suggesting that decreased levels of testosterone were

associated with aortic dilation. These results challenge pre-

vious ideas that androgens play a pathogenetic role in vascu-

lar physiology and pathophysiology and promote the

development of AAA,17,18 indicating the need for more stu-

dies examining the role of themale sex chromosome inAAA.

In this study, we investigated Y chromosome numbers

in T lymphocytes and aneurysmal tissue in men with

AAA. We also detected mRNA expression of SRY and

androgen levels anf investigated the correlation between

SRY, AR expression, and age.

Materials and methods
AAA population selection
Between January 2009 and December 2018, a total of 364

AAA patients registered in China Medical University

aneurysm Biobank (CMUaB) and China Medical

University aneurysm blood Biobank (CMUabB) were

selected to this study, which were obtained from the

Department of Vascular Surgery of the First Hospital of

China Medical University (CMU) and Department of

General Surgery of Shengjing Hospital of CMU. The

AAA tissue specimen, peripheral blood samples, and cor-

responding clinical data were collected from these patients

consecutively, after aneurymal open surgery (OSR).

Simultaneously, peripheral blood samples and related clin-

ical data were extracted within these patients consecu-

tively, after endovascular repair (EVAR).

Inclusion criteria for AAA patients in this study

were: 1) male patients with an infrarenal abdominal

aorta diameter above 30 mm or larger than 1.5–2

times the diameter of the abdominal aorta in their nor-

mal segment diagnosed by three-dimensional computed

tomography angiography (3D-CTA);19 2) availability of

corresponding patient history and clinical data, including

history of ruptured, history of coronary and peripheral

artery disease, medication history, and the presence of

risk factors of atherosclerosis, such as smoking habits,

hypertension, diabetes mellitus, or hyperlipidemia.

Exclusive criterion: male AAA patients with Ehlers–

Danlos syndrome, Marfan syndrome, and other known

vascular disorders were excluded. None of the patients

had any evidence or medical history of other autoim-

mune diseases.

AAA tissue specimen
126 patients from CMUaB were examined by an experi-

enced vascular surgeon within 2 days before and after the

OSR. Until December 2018, nine patients not willingly

and openly reveal their inpatients of information via

publication, whether their clinical data, aneurymal tissue,

or blood sample. Finally, aneurysm specimens from 96

male patients were eligible for further analyses. Here,

AAA tissue specimen (n=17) and corresponding periph-

eral blood samples (n=17) were obtained who underwent

OSR. All samples were harvested at the most dilated

place of aortaventralis, by which tissues in vitro were

washed in PBS (Boster, Wuhan, China), opened transver-

sely, and fixed in 4% paraformaldehyde (Beijing

Chemical Works, Beijing, China) for 24 hrs. The samples

were then embedded in paraffin and sectioned transver-

sely at 2–3 µm continuously to make parallel sections.

Immunofluorescence was stained by anti-CD3 monoclo-

nal antibody (BD Biosciences, San José, CA, USA) to
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identify T lymphocytes on one section for cell type ana-

lysis and localization and the other was prepared for

fluorescence in situ hybridization (FISH).

AAA peripheral blood samples
A total of 338 patients from CMUabB were examined by

an experienced vascular surgeon within 2 days before and

after the EVAR. Until December 2018, 29 patients dis-

carded reveal their inpatients' information, eg, clinical

data, blood laboratory results, and blood sample.

Finally, aneurysm specimens from 254 male AAA

patients were eligible for further analyses. The androgen

level in serum sample, total RNA extraction and chromo-

some preparations in peripheral blood mononuclear cell

(PBMC) we need to performed, both serum and PMBC

samples were obtained successfully in 20 male AAA

patients who underwent EVAR shown in Figure 1.

Blood was obtained preoperatively from patients and con-

trols between 5 and 6 o’clock in the early morning in

10-mL anticoagulant tubes, with three tubes per sample.

Normal control population selection
The normal control group comprised age-matched healthy

control males (HCs) (n=91, 50–84 years old, aorta

diameter 16.9–25.8 mm), selected from a healthy popula-

tion who received annual regular physical examinations.

HCs had a relatively healthy peripheral vascular system

determined by ultrasonography, and there was no evidence

or medical history of aneurysm, abdominal aortic athero-

sclerotic occlusive disease (AOD), or other vascular dis-

orders. Other exclusion criteria were cancer, infection, and

any other immune-mediated disease. We collected clinical

data, blood laboratory results, and blood samples from the

HC group as controls.

AOD population selection
Because AAA patients also had prominent atherosclerosis,

we selected a second control group of age-matched men

with infrarenal AOD from our hospital (n=12, 49–79

years, aorta diameter 14.8–25.6 mm), with no medical

history of aneurysmal disease, other vascular disorders,

connective tissue disorders, or known autoimmune dis-

eases. AOD was diagnosed by enhanced CT scanning or

3D-CTA. This group was used to control for any potential

involvement of atherosclerosis in the possible autoimmune

mechanisms, especially in early lesions. We collected clin-

ical data, blood laboratory results, and blood samples from

the AOD group as another control.

Figure 1 Flowchart of AAA patient selection and biopsy tissue from China Medical University Aneurysm Biobank (CMU-aB) or peripheral blood sample recovered from

China Medical University Aneurysm blood Biobank (CMU-abB).

Abbreviations: AAA, abdominal aortic aneurysm; FFPE, formalin-fixed paraffin-embedded; EVAR, endovascular repair; OSR, open surgical repair; PBMCs, peripheral blood

mononuclear cells; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; SRY, sex-determining region of the Y chromosome; AR, androgen receptor.
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Ethics approval and consent to participate
Written informed consent was obtained from AAA

patients, AOD patients, and controls in the study, before

tissue and blood sampling. This study was performed

according to the Guidelines of the World Medical

Association Declaration of Helsinki and was approved by

the local ethics committee of the China Medical

University. The selection process of the corresponding

patients is summarized in Figure 1.

Peripheral blood mononuclear cell

(PBMC) extraction and T-cell preparation
PBMCs were extracted by Ficoll-sodium diatrizoate

(Ficoll-Hypaque, Haoyang TBD, Co, Tianjin, China) den-

sity-gradient centrifugation. After several washing steps

with PBS, PBMCs were allowed to adhere to the plastic

for 2 hrs at 37°C to deplete monocytes. Floating cells were

collected and expression of CD3 in fresh peripheral

blood lymphocytes was evaluated by flow cytometry

(FACSCalibur; BD Biosciences) using PerCP-conjugated

anti-CD3 monoclonal antibody (BD Biosciences) to iden-

tify the population of T lymphocytes. Each sample con-

tained >90% CD3+ T lymphocytes at the time of

assessment (Figure 2).

Serum preparation
Serum was prepared after centrifuge of blood and stored at

−80°C until assayed. Total serum levels of testosterone,

dehydroepiandrosterone (DHS), and sex hormone-binding

globulin (SHBG) were determined by chemiluminescent

immunoassays using Immulite 2000 total testosterone,

Immulite 2000 DHEA-SO4, and Immulite 2000 SHBG

assays (Siemens Healthcare Diagnostics Products Limited,

Llanberis, UK) on an Immulite 2000 analyzer (Siemens

Healthcare Diagnostics, Flanders, USA). Free testosterone

was determined by chemiluminescent immunoassay using

free testosterone in vitro diagnostic kits (Snibe, Shenzhen,

China) on a Maglumi 4000 analyzer (Snibe). The working

ranges for total testosterone, DHS, SHBG, and free testoster-

one were 0.7–55 nmol/L, 0.41–27 µmol/L, ≤180 nmol/L, and

0.50–150.0 pg/mL, respectively. The sensitivities were

0.5 nmol/L, 0.08 µmol/L, 0.02 nmol/L, and 0.5 pg/mL,

respectively, and the reference values were 6.27–

26.28 nmol/L, 2.17–15.20 µmol/L, 13.00–71.00 nmol/L,

and 55.05–183.50 pmol/L, respectively, according to the

Institute of Endocrinology, the First Affiliated Hospital of

China Medical University.

Chromosome preparations and FISH

analysis
T lymphocytes were separated from peripheral blood

(AAA, n=37; AOD, n=12; HC, n=91) and prepared as

follows. Cytology Pepsin Solution (Zytovision, Bremen,

Germany) was applied to the cytology specimens and incu-

bated for 5 mins at 37°C in a humidity chamber. The slides

were then incubated in 1% wash buffer Tris-HCl buffer

solution (TBS) 1% formaldehyde solution, and again in

1× wash buffer TBS (Zytovision) for 5 mins each, dehy-

drated in 70%, 90%, and 100% ethanols for 1 min each, and

then air dried. Ten microliters of CENX/Yq12 dual-color

probe (Zytovision) was pipetted onto each individual sam-

ple, covered with a coverslip (22 mm×22 mm), and sealed

with rubber cement (Zytovision). The slides were denatured

at 72±1°C for 2 mins on a hot plate, transferred to

a humidity chamber (Abbott, Chicago, USA), and hybri-

dized overnight at 37°C. The cement and coverslip were

removed the following day using Cytology Stringency

Wash Buffer SSC (Zytovision) for 2 minss at 72±1°C for
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Figure 2 Purity of isolated T cells as determined by flow cytometry in blood samples of AAA (A), AOD (B), and HC (C).

Abbreviations: AOD, aortic atherosclerotic occlusive disease; HC, healthy controls; AAA, abdominal aortic aneurysm.
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1 min at room temperature. Thirty microliters of DAPI

(Zytovision) was then pipetted onto the slides, covered

with a coverslip (24 mm×60 mm), avoiding trapped bub-

bles, and incubated in the dark for 15 mins.

T lymphocytes of AAA tissue specimen (n=17) were

prepared as follows. Cytology Pepsin Solution

(Zytovision) was applied to the cytology specimens and

incubated for 10 mins at 37°C in a humidity chamber,

followed by incubation in 1× wash buffer TBS, 1% for-

maldehyde solution, and 1× wash buffer TBS (Zytovision)

for 5 mins each; dehydrated in 70%, 90%, and 100%

ethanols for 1 min each, and then air dried. Ten microliters

of CENX/Yq12 dual-color probe (Zytovision) was pipetted

onto each individual sample, covered with a coverslip

(22 mm ×22 mm), and sealed with rubber cement

(Zytovision). The slides were denatured at 83±1°C for 2

min on a hot plate, transferred to a humidity chamber

(Abbott), and hybridized overnight at 37°C. The rubber

cement and coverslip were removed carefully the

following day using Cytology Stringency Wash Buffer

SSC (Zytovision) for 2 mins at 72±1°C for 1 min at

room temperature. Thirty microliters of DAPI

(Zytovision) was then pipetted onto the slides, covered

with a coverslip (24 mm×60 mm) avoiding trapped bub-

bles, and incubated in the dark for 15 mins.

All samples were analyzed under an Olympus Bx51

microscope equipped with DAPI and Fluorescein isothio-

cyanate-Tetramethyl isothiocyanate (FITC-TRITC) epi-

fluorescence optics and a digital camera by two

independent observers, who were blinded to the patient’s

characteristics. Hybridization signals were captured using

a CytoVision system (Leica Biosystems, Nussloch,

Germany). At least 500 nuclei were scored for each sample,

and the Y chromosome loss rate was expressed as

a percentage (%) of the total number of nuclei counted.

RNA extraction and real-time PCR
To study SRY and androgen receptor (AR), total RNA was

isolated from peripheral T lymphocytes (AAA, n=32; AOD,

n=12; HC, n=54) using Trizol reagent (Invitrogen,

Carlsbad, CA, USA), according to the manufacturer’s pro-

tocol. RNA quality and quantity were assessed by

NanoDrop ND-1000 (Thermo Fisher Scientific, Waltham,

MA, USA) analysis of 260/280 ratios. High-quality RNA

samples were obtained with an A260/A280 ratio >1.8. RNA

was treated with DNase I (Takara, Dalian, China) before

reverse transcription to eliminate contaminating genomic

DNA. Total RNA was reverse transcribed with reverse

transcriptase (PrimeScript RT Reagent Kit; Takara) and

oligo-dT primer, according to the manufacturer’s instruc-

tions. Real-time fluorescent quantitative PCR was per-

formed using SYBR-green I Premix Ex Taq (Takara)

using the Thermo 9700 Real-Time PCR System (Thermo

Fisher), following the manufacturer’s instructions, with

ddH2O as a negative control. The primers for glyceralde-

hyde 3-phosphate dehydrogenase (GAPDH) were 5ʹ-C

CACCCATGGCAAATTCCCATGGCA-3ʹ (sense) and 5ʹ-

TCTAGACGGCAGGTCAGGTCCACC-3ʹ (anti-sense),

which was used as an endogenous control. The primers

for SRY were 5ʹ-CGCATTCATCGTGTGGTCT-3ʹ (sense)

and 5ʹ-GCCATTTTTCGGCTTCAGTA-3ʹ (anti-sense), pri-
mers for AR were 5ʹ-GCAGGAAGCAGTATCCGAAG-3ʹ

(sense) and 5ʹ-TTGGCGTTGTCAGAAATGG-3ʹ (anti-

sense). Thermal cycle parameters were: 95°C for 30 s for

1 cycle, then 95°C for 5 s, and 60°C for 30 s for 40 cycles.

All PCR assays were carried out in duplicate, and data were

analyzed with the Thermo 9700 Real-Time PCR System

(Thermo Fisher) using the comparative threshold cycle

(2−ΔΔCT) method.

Histological, immunohistochemistry

(IHC), and immunofluorescence analysis
The AAA fragments were prepared as aforesaid and sam-

ples were embedded in paraffin to obtain transverse sec-

tions. Serial sections were cut at 2–3 μm and prepared for

H&E, immunochemical, and immunofluorescence staining.

Histological evaluation: The quality of each slide was

assessed twice independently as follows: no staining (-),

weak positive staining (±), scattered positive staining (+),

majority positive staining (++), and strong overall positive

staining (+++). These score analyses were performed for

all cells within the vessel wall and for all specimens. In

addition, for interrelated quality evaluation between the

abovementioned quality evaluation following scoring was

used: +/++ and ++/+++.

IHC analysis: The sections were treated with 3%

hydrogen peroxide/methanol (Mai Xin_Bio, Fuzhou,

China), followed by incubating with rabbit monoclonal

antibody against AR (ab133273,1:100; Abcam,

Cambridge, UK) or mouse monoclonal antibody against

CD3 (sc-20047, 1:500; Santa Cruz Biotechnology,

Shanghai, China) in 2% BSA PBS overnight at 4°C.

After being washed with PBS, the sections were incubated

with anti-rabbit/mouse IgG-HRP antibody (Boster) for 0.5

hrs at 37°C. Finally, 3,3ʹ-diaminobenzidine (DAB) (Mai
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Xin_Bio) was used as a chromogen for 10 mins until the

brown yellow color appeared. Four visual fields were

randomly selected on each slide. Light microscopic results

were graded semiquantitatively from 0 (to the correspond-

ing no staining change) to +3 (to the corresponding strong

staining change: +++). This histopathological grading was

performed for endothelial cells, inflammatory infiltrate,

and macrophages in the AAA tissue samples.

Immunofluorescence analysis: The sections were treated

with 3% hydrogen peroxide/methanol (Mai Xin_Bio), fol-

lowed by incubating with rabbit monoclonal antibody against

AR (ab133273,1:100; Abcam) or mouse monoclonal anti-

body against CD3 (sc-20047, 1:500; Santa Cruz

Biotechnology) in 2% BSA PBS overnight at 4°C. After

being washed with PBS, the sections were incubated with

FITC-labelled secondary anti-rabbit/mouse IgG-HRP anti-

body (Boster) for 0.5 hrs at room temperature in 0.5% BSA/

PBS. Coverslips were mounted in Prolong Gold with (DAPI)

(Zytovision), then pipetted onto the slides, covered with

a coverslip (24 mm×60 mm), avoiding trapped bubbles, and

incubated in the dark for 15 mins. All samples were analyzed

under an Olympus Bx51 microscope equipped with DAPI

and FITC-TRITC epifluorescence optics and a digital camera.

Statistical analysis
Data were tested by the Shapiro–Wilk’s test and followed

a normal distribution. Independent t-test was used for

comparisons of normally distributed data and Mann–

Whitney U test for not normally distributed data.

Pearson’s Chi-square test and Fischer’s exact test were

used for normally and not normally distributed categorical

variables, respectively. For correlational analyses, correla-

tions between continuous variables were analyzed first

through Pearson’s correlation coefficient for normally dis-

tributed values or through Spearman’s rank correlation

coefficient for nonparametric samples. The correlations

between plasma TES, androstenedione (AND), SHBG,

DHS, free plasma testosterone (F-TES), diameter, LOY

%, and mRNA of SRY were analyzed through partial

correlation analysis adjusted by age. Statistical compari-

sons were performed using SPSS 20.0 (IBM, Chicago, IL,

USA). Statistical significance was defined as P<0.05.

Results
Characterization of AAA and AOD

patients analysis
The experimental study group included 37 male patients

(17 underwent OSR, 20 underwent EVAR) of infrarenal

AAA. The youngest AAA subject was 49 years and the

oldest 81 years old. Regarding the comparison of the study

groups (AAA group vs AOD group vs HC group) as

shown in Table 1, no significant differences were observed

in age, hypertension, and other indices (all P-value >0.05).

As respected, the mean maximum diameter of AAA was

Table 1 Clinical features in patients with AAA, AOD, and healthy controls

Parameter AAA
group
(n=37)

AOD
group
(n=12)

Healthy con-
trols (n=91)

AAA tissue speci-
men (n=17 in 37)

P-value
AAA vs
AOD

P-value
AAA vs
HC

*Age (years) 64.53±7.30 61.25±10.40 63.55±8.21 64.54±8.01 0.20 0.38

*Smoking history

smokers (pack-years)

12 (40%)

34.60±22.58

5 (41.6%)

37.00±12.04

26 (37.14%)

32.08±19.46

6 (35.3%)

34.25±8.74

0.92

0.82

0.79

0.68

Hypertension history 14 (46.67%) 2 (16.7%) 28 (40.00%) 8 (47.1%) 0.09 0.53

Diabetes history 4 (13.33%) 1 (8.33%) 11 (15.71%) 2 (11.76%) 0.65 0.76

Coronary disease 6 (20.00%) 2 (16.67%) 12 (17.14%) 4 (23.52%) 0.80 0.73

*WBC count (×109/L) 6.67±2.86 7.16±2.05 6.71±1.57 6.70±2.99 0.47 0.17

*Lymph count (×109/L) 1.81±0.77 1.90±0.82 1.79±0.70 1.83±0.74 0.39 0.53

*Triglycerides (mmol/L) 1.65±0.73 1.49±0.76 1.55±0.70 1.67±0.65 0.43 0.48

*TC (mmol/L) 4.84±0.76 4.80±0.81 4.78±0.87 4.86±0.83 0.64 0.62

*HDL-C (mmol/L) 0.99±0.32 0.95±0.34 1.06±0.31 1.01±0.30 0.89 0.22

*LDL-C (mmol/L) 3.46±0.73 3.20±0.70 3.29±0.79 3.40±0.69 0.18 0.57

*Mean maximum diameter

(mm)

56.63±15.28 18.96±2.71 18.98±1.60 56.83±15.47 <0.0001 <0.0001

Note: AAA group, abdominal aortic aneurysm patients sampled for T cells; AAA tissue specimen; abdominal aortic aneurysm patients with aneurysm samples. *Continuous

data are presented as mean ± SD.

Abbreviations: AOD, aortic atherosclerotic occlusive disease; HC, healthy controls; WBC, white blood cell count; TC, total cholesterol; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol.
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56.6±15.3 mm which was significantly higher than AOD

and HC group.

As reported, tobacco smoking was a possible risk fac-

tor for Y chromosome loss.20 Therefore, a corresponding

number of smoking individuals have been selected in

control groups to eliminate the possible interference. The

individuals were selected to ensure that there was no

significant difference in the rate of smokers and smoking

index (pack-years) in AAA, AOD, and HC groups (also in

Table 1). Smoker was defined in this study as continuous

smoking for more than half a year and at least 10 cigar-

ettes per day (WHO1997).

Incidence of LOY and SRY expression in

AAA peripheral T lymphocytes
A total of 70,000 interphase nuclei from peripheral

T lymphocyte of the 37 male AAA patients, 12 male

AOD patients, and 91 male donors were analyzed by

in situ hybridization for X and Y hypoploidy, respectively

(Figure 3). Y chromosome loss in peripheral T lymphocytes

detected by FISH was significantly higher in the AAA

group compared with the HC (9.11±3.96% vs 5.56

±3.50%, P<0.001) and AOD groups (9.11±3.96% vs 6.42

±1.93%, P=0.029). There was no significant difference in

Y chromosome loss between AOD groups and HC groups

(P=0.253) (Figure 4A). Furthermore, we investigate the

correlation between the rate of Y chromosome loss correlate

and other baseline factors in AAAs. After logistic regres-

sion analysis, there were no significant correlations between

LOY and comorbidity such as hypertension, diabetes melli-

tus, coronary artery disease, and smoking history in patients

with AAA (Table S1).

The SRY mRNA expression in peripheral

T lymphocytes was 4.7-fold lower expressed in the AAA

group than in the HC group (P<0.001). Moreover, SRY

mRNA expression in peripheral T lymphocytes was sig-

nificantly lower in AOD group than in HC group (0.19

±0.12 vs 3.94±2.68, P<0.001), but there was no significant

difference between the AAA and AOD group (P=0.328) in

Figure 4B.

Plasma sex hormone level and androgen

receptor level in AAA patients and

controls
F-TES levels were lower in the AAA group compared with

the HC group (P=0.036), whereas SHBG levels were higher

(P=0.020). There was no significant difference between the

AAA and HC groups in terms of total testosterone (TEST),

DHS, and AND level (Table 2). However, there was no

significant difference in the expression of androgen receptor

(AR) mRNA level between the AAA group and HC group

(P=0.083), AOD group (P=0.140) in Figure 4C.

Correlations between peripheral LOY

and age-related AAA or sex hormone

level
In Table 3, peripheral LOY ratio and expression of SRY

mRNA level were examined for correlations using the

Spearman’s rank correlation coefficient due to the het-

erogeneous distribution of the experimental data. As

respected, the result demonstrated that peripheral LOY

ratio was positive significantly correlated with expres-

sion of SRY mRNA level (R=0.709, P<0.001) adjusted

by age. Second, we analyzed the rate of LOY in per-

ipheral T lymphocytes in relation to continuous age.

Y chromosome loss and expression of SRY mRNA

level increased with age in the AAA group (R=0.402,

P=0.014 and R=0.366, P=0.039S, respectively). In addi-

tion, plasma SHBG level correlated significantly with

SRY mRNA level (R=0.433, P=0.039) and continuous

age in AAA patients (R=0.456, P=0.007). A significant

correlation between AR mRNA level (R=0.692,

P<0.001) and aortic diameter was detected adjusted

by age.

Incidence of LOY and correlations within

AR protein level in AAA tissue
To assess the extension of the individual histopathologi-

cal features in AAA wall (n=17), a semiquantitative

histological characterization of all AAA tissue samples

was performed (Table 4). There was no significant dif-

ference in Y chromosome loss between AAA peripheral

blood T lymphocytes and AAA tissues (9.14±3.93% for

peripheral T lymphocytes vs 8.08±2.42% for AAA tis-

sue, P=0.460). Regarding the AR protein level, using

IHC and immunofluorescence, inflammation cells were

strongly positive for AR expression, particularly in

T lymphocytes (Figure 5). Furthermore, the semiquanti-

tative histological characterization and the results of

LOY ratio were analyzed again by calculating correla-

tion coefficient in order to explore any relationships

between aneurymal LOY ratio and AR protein level

within AAA tissue. There is no significant correlation

between LOY ratio and AR protein level (R=0.052,
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P=0.844). Interestingly, in AAA tissue, the rate of LOY

increased with age (R=0.547, P=0.023) and also posi-

tively associated with LOY in peripheral blood

T lymphocytes (R=0.661, P=0.004) (Table 5).

Discussion
The results of the present study provide the first evidence for
an association between Y chromosome loss in T lymphocytes

and AAA in male patients. Previous studies demonstrated an

Figure 3 FISH image of X/Y chromosome in peripheral blood T lymphocytes from AAA group (A–C), AOD group (D–F), and HC group (G–I) individuals (×1,000). The
X chromosome probe was green labeled and Y chromosome probe was pink labeled. Y chromosome loss can be detected by this image.

Abbreviations: AOD, aortic atherosclerotic occlusive disease; HC, healthy controls; AAA, abdominal aortic aneurysm.
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HC (n=91) groups. Shapiro–Wilk’s test for three groups achieved P-value of 0.418, 0.821, and <0.001, respectively. Thus, the sample was not normal distributed and Mann–Whitney
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(n=32), AOD (n=12) and HC (n=54) groups. Shapiro–Wilk’s test for three groups achieved P-value of 0.001, 0.465, and <0.001, respectively. Thus, the sample was not normal

distributed and Mann–Whitney U test was used for the individual comparison group. Compared with HC group, AAA and AOD groups showed a significant decrease of SRY mRNA

expression; (C) AAA (n=32), AOD (n=12), and HC (n=54) groups. Shapiro–Wilk’s test for three groups achieved P-value of <0.001, 0.001, and <0.001, respectively. Thus, the sample
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Abbreviations: AOD, aortic atherosclerotic occlusive disease; HC, healthy controls; AAA, abdominal aortic aneurysm; AR, androgen receptor; SRY, sex-determining

region of the Y chromosome.
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increased incidence of X monosomy in PBMC of female

patients,11,21 and Y chromosome loss in PBMC was

investigated in male patients with autoimmune thyroiditis

and primary biliary cirrhosis.15,22 Sex chromosome loss is

not an exclusively female phenomenon, but it is also asso-

ciated with disease in the male population. Y chromosome

appears as a potential candidate for influence of the immune

function in men. Y chromosome loss has been shown to

increase with age,23,24 but our findings indicated that the

degree of Y chromosome loss in AAA patients exceeded

that in HCs, similar to the situation for X chromosome loss

in female primary biliary cirrhosis patient populations.11

The reasons for Y chromosome loss remain unknown,

though the rate of cellular turnover and a potential increase

Table 3 Partial correlation analysis of the peripheral T lymphocytes LOY ratio, mRNA expression of SRY and AR, plasma sex

hormone level within AAA using partial correlation coefficient

Plasma
TEST

Plasma
AND

Plasma
DHS

Plasma
F-TES

Plasma
SHBG

Diameter LOY
%

mRNA-
SRY

mRNA-
AR

Age R 0.210 −0.196 −0.217 −0.037 0.456** 0.123 0.402* 0.366* −0.119

P-value 0.232 0.268 0.218 0.837 0.007 0.516 0.014 0.039 0.525

N 34 34 34 34 34 30 37 32 31

Plasma

TEST

R −0.296 −0.014 0.396 0.693 −0.345 0.021 0.107 0.194

P-value 0.170 0.950 0.061 0.000 0.107 0.924 0.625 0.376

N 34 34 34 34 29 34 29 28

Plasma

AND

R 0.582** 0.114 −0.306 0.163 −0.158 0.213 −0.199

P-value 0.004 0.605 0.155 0.459 0.471 0.330 0.364

N 34 34 34 29 34 29 28

Plasma

DHS

R 0.046 −0.204 0.021 −0.366 −0.235 −0.149

P-value 0.835 0.351 0.925 0.086 0.281 0.498

N 34 34 29 34 29 28

Plasma

F-TES

R −0.148 −0.363 −0.021 −0.046 −0.301

P-value 0.499 0.088 0.924 0.834 0.163

N 34 29 34 29 28

Plasma

SHBG

R −0.020 0.224 0.433* 0.452*

P-value 0.928 0.305 0.039 0.030

N 29 34 29 28

Diameter R −0.115 0.146 0.692***

P-value 0.602 0.505 0.000

N 30 25 26

LOY% R 0.709*** 0.268

P-value 0.000 0.216

N 32 31

mRNA-

SRY

R 0.346

P-value 0.106

N 30

Note: The correlations between plasma TES, AND, SHBG, DHS, F-TES, diameter, LOY% and mRNA of SRY were analyzed through partial correlation analysis accounting

for age. *P<0.05; **P<0.01; ***P<0.001.
Abbreviations: AAA, abdominal aortic aneurysm; AR, androgen receptor; LOY, Y chromosome loss; SRY, sex-determining region of the Y chromosome; TES,

testosterone; TEST, total testosterone; AND, androstenedione; SHBG, sex hormone-binding globulin; DHS, dehydroepiandrosterone; F-TES, free testosterone; R,

Spearman rank correlation coefficient; N, number.

Table 2 Plasma sex hormone level in AAA patients and controls

Parameter AAA (n=37) HC (n=91) P-value

F-TES, pmol/L 34.60±26.11 55.49±24.61 0.036

TEST, nmol/L 20.60±9.11 24.94±8.32 0.192

AND, nmol/L 5.77±2.34 5.65±1.56 0.460

DHS, umol/L 1.90±1.56 2.37±1.50 0.421

SHBG, nmol/L 33.97±11.31 21.07±14.48 0.020

Abbreviations: AAA, abdominal aortic aneurysm; HC, healthy control; TEST, total

testosterone; AND, androstenedione; SHBG, sex hormone-binding globulin; DHS,

dehydroepiandrosterone; F-TES, free testosterone.
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in Y-loss susceptibility with aging may be involved.6,22

Y chromosome loss has been associated with phenotype in

several malignant diseases and has been suggested as

a marker predicting response to therapy.24–27 The intrinsic

pathophysiologic mechanism is largely unclear. However,

loss of one X chromosome could potentially lead to hap-

loinsufficiency of X-linked loci, escaping X chromosome

inactivation processes,21,28 and Y chromosome loss may

similarly result in an imbalance of alleles shared with the

X chromosome.

The Y chromosome mainly harbors genes involved in

male sexual development and spermatogenesis.16

However, a number of X chromosome homologs poten-

tially relevant to immune function have recently been

identified in pseudoautosomal regions, including the IL-9

receptor (IL-9R) and IL-3 receptor subunit alpha (IL-3RA,

CD123) (www.genecards.org). IL-9R is expressed by

a series of T lymphocytes, including Th2 cells, Th17,

and T-regs,29 and imbalances in this gene might thus affect

the suppressive potential of the T-cell compartment. We

previously identified deficient Treg function in patients

with AAAs,30 which could partly be explained by the

present findings. Moreover, the IL-9R gene has also been

suggested to be associated with the development of some

autoimmune conditions such as asthma.31 IL-3RA is an

important marker during maturation of myeloid dendritic

cells, which have recently been shown to play an impor-

tant role in maintaining autoimmune tolerance.32 However,

the influence of loss of this gene to on immunoregulation

remains to be determined.

The SRY locus is an evolutionarily conserved locus on

the mammalian Y chromosome responsible for testis deter-

mination and development.33 SRY encodes a transcription

factor that acts by binding to and activating the testis-

specific enhancer of the related gene SOX9.34 SOX9 is

tightly associated with Sertoli cell development.35–37 It is

also expressed in postnatal testicular Leydig cells, targeting

the proteins involved in steroidogenesis,38 and has been

considered to regulate testosterone production.39 We found

that SRY expression was significantly decreased as a result

of Y chromosome loss in T lymphocytes of AAA patients

compared with control groups, which may contribute to the

lower total and free testosterone levels in men with AAA

identified in the current and previous studies.17

Lower free or total testosterone levels have been asso-

ciated with higher overall and cardiovascular mortalities in

middle-aged and older men. It has previously been linked

with atherosclerotic plaque formation. One possible mechan-

ism may be that testosterone depletion may predispose to

AAA through loss of the beneficial effects of testosterone on

endothelial function, and adverse influences on circulating

lipids and vascular inflammation.17,40–42 Emerging

Table 4 Overview of the LOY ratio and classification of semiquantitative IHC analysis in AAA tissue (n=17)

No. AAAs LOY ratio LOY tissue HE CD3+ IHC-AR IHC-AR*

1 AAA6 9.6% 48/500 + +/++ +/++ 1.5

2 AAA8 5.4% 27/500 +/++ +++ ++/+++ 2.5

3 AAA14 3.4% 17/500 + + ± 0.5

4 AAA15 7.2% 36/500 + ++/+++ +/++ 1.5

5 AAA20 6.8% 34/500 +++ +++ +++ 3

6 AAA31 8.6% 43/500 +/++ ++++ +/++ 1.5

7 AAA32 9.4% 47/500 ± + ++/+++ 2.5

8 AAA36 5.8% 29/500 + + ++ 2

9 AAA37 9.4% 47/500 + ++ ++ 2

10 AAA38 5.6% 28/500 +/++ + ± 0.5

11 AAA47 9.4% 47/500 + ++/+++ +/++ 1.5

12 AAA49 7.6% 38/500 +++ ± +/++ 1.5

13 AAA52 7.8% 39/500 + +/++ + 1

14 AAA57 12.6% 64/500 + +/++ + (+/++) 1

15 AAA60 10.8% 54/500 ++ ± ± 0.5

16 AAA68 6.4% 32/500 +/++ ++/+++ ++/+++ 2.5

17 AAA72 11.6% 53/500 +++ ++ ++/+++ 2.5

Note: No staining (-), weak positive staining (±), scattered positive staining (+), majority positive staining (++), and strong overall positive staining (+++). These score

analyses were performed for all cells within the vessel wall and for all specimens. In addition, for interrelated quality evaluation between the abovementioned quality

evaluation following scoring was used: +/++ and ++/+++. *Semiquantitative analysis.

Abbreviations: AAA, abdominal aortic aneurysm; IHC, immunohistochemistry; AR, androgen receptor; LOY, Y chromosome loss.
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evidence43 suggests that testosterone protects against the

development of autoimmune conditions such as arthritis

and lung disease in male SKG mice, and removal of testos-

terone increased both lung and joint diseases in male mice.

This mechanism may involve the ability of testosterone to

modulate the development of antibodies against citrullinated

proteins. Occurrence of AAA in female patients is probably

involved in a different pathway in which androgen does not

take a major role. Accumulating data indicate the protective

effect of estrogen in the mechanism of vascular disease

including aneurysms.44,45 However, it would be expected

that after aging this effect has been largely weakened due

to a lower level of female hormone. This may explain the

increased occurrence of AAA in aged women.

Our observations establish that, in addition to the

immune effects of Y chromosome loss, which may con-

tribute autoimmune injury in AAA, lower SRY expression

may downregulate testosterone production, thus

weakening its protective role and further contributing to

the formation and development of AAA.

There are limitations to this study such as the limited

sample size, lack of healthy aorta tissue, and lack of vivo

experiment. First, our study comprises a relatively small

sample size. As in all studies, especially those with a small

sample size, both beta errors (due to small cohorts) and

alpha errors (due to multiplicity of comparisons) should be

considered. Second, the present study illustrates

a correlation between the Y chromosome loss and age-

related AAA; temporal relations between LOY and the age

within AAA cannot be discerned. Still, as it is the first of

its kind in humans, the data do provide important informa-

tion. The lack of appropriate aortic wall tissue from con-

trols limited the protein expression analysis. Third, this

research mainly exploded the difference between AAA,

AOD, and HC in LOY. Therefore, the residual blood

samples could not be obtained abundantly from these

50 µm 20 µm

500 um 50 um

Figure 5 Selected AAA example of IHC for cellular localization and expression of AR. (A) Overview of secreted AAA tissue, scale bar represents 500 μm; (B) AR seems to

be expressed mainly in inflammatory cells and macrophages, scale bar represents 200 μm; (C and D) AR expression, scale bar represents 100 μm and 50 μm, respectively.

Selected AAA example of IF for cellular localization and expression of AR. (E and F) AR expression, scale bar represents 50 μm and 20 μm, respectively.

Abbreviations: AAA, abdominal aortic aneurysm; AR, androgen receptor; IHC, immunohistochemistry; IF, immunofluorescence.
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AAA patients or control group, which is insufficient to

perform the expression of SRY and AR at mRNA level or

protein level after the FISH study. Additional studies are

also needed to clarify the relationship between exogenous

androgen treatment and the dilation of aortic aneurysm.

Even with these potential limitations, our study results are

good, providing a new clue for the mechanisms of AAA.

Conclusion
In conclusion, this study demonstrated a significant increase

of Y chromosome loss in peripheral T lymphocytes and

aneurysm sac wall tissue in male patients with AAAs,

accompanied by decreased SRY expression in peripheral

T lymphocytes and lower F-TES. Y chromosome loss

ratio and expression of SRY mRNA level increased with

age in AAA peripheral T lymphocytes. Furthermore, in

AAA tissue, the rate of LOY increased with age and also

positively associated with LOY in peripheral blood

T lymphocytes. These findings indicate a novel clue in

AAA mechanisms, and possibly a novel target for persona-

lized treatment of this disease.
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Table S1 The adjusted logistic regression analysis of peripheral T lymphocytes LOY ratio and association with AAA clinical

comorbidity

Model 1 Model 2

β OR (95% CI) p-Value β OR (95% CI) p-Value

Hypertension 0.082 1.086 (0.910–1.294) 0.36 0.054 1.056 (0.865–1.289) 0.592

Diabetes mellitus −0.235 0.791 (0.552–1.133) 0.201 −0.232 0.793 (0.533–1.178) 0.251

Coronary artery disease 0.265 1.304 (0.985–1.726) 0.063 0.143 1.153 (0.831–1.600) 0.393

Smoking 0.064 1.067 (0.893–1.273) 0.476 0.12 1.127 (0.921–1.380) 0.246

Note: Model 1: no adjustments; Model 2: adjusted for age.

Abbreviations: β, regression coefficient; AAA, abdominal aortic aneurysm; LOY, Y chromosome loss; OR, odds ratio; 95% CI: 95% confidence interval.
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