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Abstract

Erectile dysfunction (ED) is a global disease affecting a large number of people. Some studies have found a relationship
between low-grade inflammation and ED. We hypothesized that the immune system might play a key role in the outcome
of ED. Five immune agents (C3, C4, IgA, IgM, and IgG) were collected based on the Fangchenggang Area Male Health and
Examination Survey (FAMHES), using methods of a traditional cross-sectional analysis. Our results repeated the significant
association between ED and metabolic syndrome, obesity, and so forth. However, there seemed to be no positive relation
between the tested indexes and ED risk in the baseline analysis (C3: P= 0.737; C4: P= 0.274; IgA: P= 0.943; IgG: P= 0.069;
IgM: P= 0.985). Then, after adjusting for age and multivariate covariates, a potentially significant association between ED
and IgG was discovered (P= 0.025 and P= 0.034, respectively). Meanwhile, in order to describe the development of ED on a
gene level, SNP–set kernel-machine association test (SKAT) was applied with the known humoral immune genes involved.
The outcomes suggested that PTAFR (binary P value: 0.0096; continuous P value: 0.00869), IL27 (0.0029; 0.1954), CD37
(0.0248; 0.5196), CD40 (0.7146; 0.0413), IL7R (0.1223; 0.0222), PSMB9 (0.1237; 0.0212), and CXCR3 (0.0849; 0.0478) might be
key genes in ED, especially IL27, when we restricted the family-wise error rate (FWER) to 0.5. Our study shows that IgG and
seven genes (PTAFR, CD37, CD40, IL7R, PSMB9, CXCR3, and especially IL27) might be key factors in the pathogenesis of ED,
which could pave the way for future gene and immune therapies.
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Introduction

Erectile dysfunction (ED) is also known as inadequate penile

erection and mainly affects men older than 40; it is defined as the

inability to acquire and maintain satisfying sexual intercourse with

a sufficient erection [1,2]. It is said that the clinical disorder was

described in ancient Egypt more than 5000 years ago [3]. ED

constitutes a substantial burden on public health and has high

prevalence. Among men younger than 40, the prevalence of ED is

1–10%. In men aged above 40, the morbidity is considerably

increased (2–9% for the age of 40–49 years old, and 20–40% for

60–69; 50–100% for those older than 70) [4–8]. A general

practitioner is estimated to treat 1–2 new cases of ED per month

[2]. It has been predicted that the number of cases of ED

worldwide might reach 322 million by the year 2025 [9,10].

Therefore, the discovery and management of the factors

influencing the occurrence of ED are important.

According to recent studies, ED is potentially associated with

many diseases. In 2013, Weinberg et al. [11] investigated the

association between the severity of diabetes, metabolic syndrome,

and ED risk using a cross-sectional analysis, which indicated

significant associations among them. Among male patients with

type 1 or 2 diabetes mellitus, 35–75% had ED, whereas, in the

population without diabetes, 5–15% had ED [12,13]. In addition,

epidemiological studies found that ED might be one of the
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markers of cardiovascular disease (CAD). Kumar et al. [14] and

Nehra et al. [15] showed that patients with CAD frequently had

ED and that the symptoms of ED always preceded those of CAD.

Therefore, treatment of ED should be considered secondary to

decreasing cardiovascular risk. Although the relationships between

ED risk and diabetes mellitus, hypertension, hyperlipidemia,

metabolic syndrome, depression, and lower urinary tract symp-

toms have been investigated, the role of the immune system in ED

has been neglected.

In 2006, Blans et al. [16] studied the associations of ED in

patients with diabetes, infections, and inflammation, and found

that elevated high-sensitivity C-reactive protein and infections

might play a role in ED among patients with diabetes.

Furthermore, Araña Rosaı́nz et al. [17] found a potential

correlation between ED and low-grade inflammation. With the

association between inflammation, infection, and ED risk, we

hypothesized that the development and progression of ED might

be associated with the immune system to a significant extent. In

order to identify the factors in ED risk, this cross-sectional study

was conducted on humoral immunity function indexes based on

FAMHES [18]. In addition, further gene-based analysis was

conducted by collecting the genes for humoral immunity in order

to present comprehensive associations between immune cytokines

and ED risk. This study sheds new light on the functions of

immune factors in ED among males.

Methods and Materials

Study population
All samples in this study were collected from the Fangcheng-

gang Area Male Health and Examination Survey (FAMHES),

which was mainly focused on environmental and genetic factors,

as well as their interrelations. As a population-based study

conducted among non-institutionalized Chinese men aged from

17 to 88 years old in Guangxi, FAMHES investigated the

development of age-related chronic disease. However, after

completing the study, we removed juvenile subjects and ensured

that only data from adult participants (age $18 years) were

included in this analysis. In the comprehensive demographic and

health survey, 4303 men participated in routine physical

examination at the Medical Centre in Fangchenggang First

People’s Hospital from September to December 2009. Then, data

were collected from 3593 of the participants in the form of

interviews. The response rate was 83.5% [18]. There were no

distinct differences between the men who participated in the

interviews and those who did not. Written informed consent was

obtained for all participants. The study was approved by the

medical ethics committee of Guangxi Medical University.

The analysis included five immune parameters [complement 3

(C3), complement 4 (C4), immunoglobulin A (IgA), immunoglob-

ulin G (IgG) and immunoglobulin M (IgM)], each of which was

analyzed as an independent factor in order to explore the

association between them and ED risk. When screening the data,

we applied the following exclusion criteria: (1) low-value immune

parameters (IgA, IgG, IgM, C3, and C4) or refusing to contribute

blood serum; (2) incomplete information on the individual; (3) did

not complete the ED questionnaire; (4) currently suffering from

myocardial infarction, congestive heart failure, stroke, hyperthy-

roidism, rheumatoid arthritis, acquired immune deficiency

syndrome, or any kind of cancer, or having a history of pelvic

or urinary tract trauma/surgery/inflammation or chronic hepa-

titis; (5) immune parameters beyond the normal threshold values

(acute infection or immunocompromised), according to our local

laboratory standards (normal ranges IgA 0.7–3.5 g/L, IgM 0.5–

2.6 g/L, IgG 7.0–16.6 g/L, C3 0.8–1.5 g/L, and C4 0.2–0.6 g/

L); (6) at present, taking medicines that could influence ED and

immunity such as psychotropic drugs, non-steroidal anti-inflam-

matory drugs, antibiotics, spironolactone, cimetidine, glucocorti-

coids or other steroidal drugs, and so on.

Finally, 1205 participants were included in the analysis for

complement C3 (577 ED patients and 628 non-ED patients). For

complement C4, 1288 participants were included (611 for ED and

677 for non-ED). There were 1188 eligible participants for the

analysis of IgA (572 for ED and 616 for non-ED). In addition,

1243 participants (590 ED and 653 non-ED) were studied for IgG.

Lastly, for IgM, 1233 participants were included (586 for ED and

647 for non-ED).

Phenotypes and covariates
The known evaluation system of the International Index of

Erectile Function (IIEF-5) was applied to define ED in the study

[19]. Five items were assessed (erection confidence, erection

firmness, maintenance ability, maintenance frequency, and

satisfaction). The IIEF-5 scores range from 5 to 25. For each

item, five questions are asked, each with a score of 5 points.

Decreasing scores indicate poorer sexual function and increased

severity of ED. According to the criteria, the scores were divided

into five categories to define ED status: none (IIEF-5 score 22–25);

mild (17–21); moderate (12–16); and severe (5–11). In addition, a

cut-off point of an IIEF-5 score of 22 was used for the dichotomous

variable (ED and non-ED) [20,21].

A comprehensive questionnaire was applied in the survey,

which was completed during a face-to-face interview. Collection of

essential information (age, sex, smoking, drinking, and so on) and

complete physical examinations (height, weight, waistline, hipline,

etc.) were conducted by trained personnel using a standardized

protocol. Smoking status was defined as never smoked, former

smoker (cessation of smoking), and current smoker [22]. Alcohol

consumption was defined as consumption of alcohol including

beer, wine, and hard liquor in the lifetime of the participant.

Meanwhile, the participants were divided into three groups,

according to the number of years of education (0–6, 7–9, and $10

years).

For the physical examination, body weight with thin clothing

and height without shoes were measured. The body mass index

(BMI) was categorized into three groups (normal weight ,

24.0 kg/m2, overweight 24.0–27.9 kg/m2, obese 28.0 kg/m2).

The waist circumference was measured at the midpoint between

the inferior costal margin and the superior iliac crest on the mid-

axillary line. The hipline was defined as the maximum circum-

ference over the buttocks. The waist-hip ratio (WHR) was

categorized as normal weight (WHR #0.9) and obese (WHR.

0.9) [23]. Additionally, based on the metabolic syndrome, the

following indexes were also defined: hypertriglyceridemia, triglyc-

erides $1.7 mmol/L; low high-density lipoprotein cholesterol

(HDL-C), HDL-C #1.03 mmol/L; elevated blood pressure (BP),

BP$130/85 mmHg; hyperglycemia, fasting glucose $5.6 mmol/

L [24,25].

Serum measurements
Blood samples were collected from participants, who had been

fasting for at least 8 h (overnight), between 8:00 to 11:00 in the

morning. The samples were transported within 2–3 h to the

testing center of the Department of Clinical Laboratory at the First

Affiliated Hospital of Guangxi Medical University in Nanning,

and were centrifuged within 15–25 min and stored at 280uC. In

the Department of Clinical Laboratory at Fangchenggang First

People’s Hospital, serum triglycerides, HDL-C, and glucose were
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measured. The C3, C4, IgA, IgM, and IgG levels were detected

with an electrochemiluminescence immunoassay on the COBAS

6000 system E601 (Elecsys module) immunoassay analyzer (Roche

Diagnostics, GmbH, Mannheim, Germany) with the same batch

of reagents. All details about the laboratory tests can be found in

our previous publications [18,25].

Single nucleotide polymorphism (SNP) genotyping
All of the genotype data used in our analysis were from the

samples of our previous stage 1 genome-wide association analysis

(GWAS) using the Illumina Omni 1 platform [26]. The

polymerase chain reaction and extension primers were designed

by Mass MRRAY Assay Design 3.1 software (Sequenom, Inc.).

We performed all genotyping reactions in 384-well plates. Each

plate included a duplicate for three or four subjects, selected at

random, as well as six-to-nine negative controls, in which water

was used instead of DNA. The average concordance rate was

99.8%.

Statistical analysis
All continuous variables were tested with the Shapiro-Wilks test.

Considering the markedly skewed distribution, the immune items

(C4, IgA, IgM, and IgG) were logarithmically transformed in the

subsequent analysis. According to the IIEF-5, a score of 22 was the

cut-off for ED and non-ED, the values of which were presented as

two compared groups. The Mann-Whitney U test and X2 test were

applied where appropriate. Then, the binary logistic and linear

regression models were applied in order to assess the association

between ED risk and the immune items after adjusting for the

covariates. Three groups (unadjusted, age-adjusted, and multivar-

iate-adjusted models) were applied in both the linear regression

and binary logistic regression. The covariates in the multivariate-

adjusted models were as follows: age; smoking status; alcohol

consumption; BMI; and WHR. All analyses were performed with

SPSS version 16.0 software (SPSS Inc., Chicago, IL, USA). The

statistical tests were two-tailed.

After the cross-sectional analysis, a potential association was

found for IgG and ED risk. In order to preliminarily discover the

relationship between immune risk and ED risk, further analysis

was conducted, attempting to discover the significant immune-

related genes, especially for humoral immunity, associated with

ED risk, which will give us new insights into the therapy for ED

and further potential research avenues. In this analysis, data on

106 genes associated with humoral immunity were collected from

the database for genes and proteins of the human immune system

[27]. Then, representative tag SNPs were selected among the

various loci in these genes with SNPinfo (http://manticore.niehs.

nih.gov/snpinfo/snptag.htm) [28], in which tag SNPs were

defined as the common SNPs (minor allele frequency [MAF] $

0.05; r2$0.8) among Asians (CHD+CHB+JPT). Finally, a total of

1266 tag SNPs were involved. All genotypes of the tag SNPs were

collected with the Plink [29]. When conducting the analysis, we

applied the SNP-set kernel-machine association test (SKAT) [30].

In 2010, along with the development of GWAS, many disease-

related genetic factors had been discovered. However, standard

analysis of this approach suffered from limited reproducibility and

difficulties in detecting multi-SNP and epistatic effects. On the

basis of this condition, the team of Lin et al. proposed the method

of SKAT analysis, which was mainly based on a logistic kernel-

machine model. With that the joint effect of the SNPs in a given

SNP set was under consideration, this method provided a total P-

value for the set of variants tested by aggregating individual score

test statistics of the SNPs. Every gene containing a series of tag

SNPs was treated as an SNP set. After adjusting for age,

association analysis was conducted for ED risk and for the genes.

In addition, multiple tests were used on the basis of the null

hypothesis of no association with a set of SNPs or a SNP, which

provided the empirical distribution of statistical tests. Then, a

family-wise error rate (FWER) was evaluated using 1000

permutations with three different cut-offs (0.05, 0.5, and 1). All

P-values were two-sided and calculated with R v3.0.1.

Results

As a prevalent disease, ED affects a large population of males

around the world. Recently, several studies have reported that

many factors, such as diabetes mellitus, metabolic syndrome,

depression, and so on, are significantly associated with ED risk

[11,14]. Meanwhile, some studies have suggested that low-grade

inflammation might play a key role in the pathogenesis of ED

[16,17]. Therefore, we hypothesized that there might be key genes

and immune substances influencing the risk of ED. Based on

Fangchenggang Area Male Health and Examination Survey

(FAMHES), which was mainly focused on population health, a

cross-sectional analysis was conducted on five immune-related

agents [complement 3 (C3), complement 4 (C4), immunoglobulin

A (IgA), immunoglobulin G (IgG) and immunoglobulin M (IgM)].

Baseline characteristics of the 1243 samples in the analysis are

shown in Table 1. The results show that IgG could potentially be

associated with ED risk, after adjusting for age. Meanwhile, in this

analysis, a significant association between ED and metabolic

syndrome, obesity, and so on was again identified [31]. In

addition, seven genes [platelet-activating factor receptor (PTAFR),

interleukin 27 (IL27), CD37 molecule (CD37), CD40 molecule

(CD40), interleukin 7 receptor (IL7R), proteasome subunit, beta

type, 9 (PSMB9), and chemokine (C-X-C motif) receptor 3

(CXCR3)] related to humoral immunity, which might be vital in

inducing ED, were analyzed with SKAT. This study might shed

new light on the influence of the immune system and immune

genes on ED risk.

Cross-sectional analysis of association
In this study, five items (C3, C4, IgA, IgG, and IgM) were

included in the analysis of ED risk. Significant differences were

found in the groups, according to age (C3: P,0.001; C4: P,
0.001; IgA: P,0.001; IgG: P,0.001; IgM: P,0.001), BMI (C3:

P= 0.023; IgG: P= 0.031), WHR (C3: P= 0.015), alcohol

consumption (C3: P= 0.004; C4: P= 0.007; IgA: P= 0.012;

IgG: P= 0.013; IgM: P= 0.006), education status (C3: P,0.001;

C4: P,0.001; IgA: P,0.001; IgG: P,0.001; IgM: P,0.001), and

hyperglycemia (C3: P= 0.001; C4: P= 0.002; IgA: P= 0.002;

IgG: P= 0.006; IgM: P= 0.003) (results not shown). However,

there seems to be no positive association between the tested

indexes and ED in the baseline analysis (C3: P= 0.737; C4:

P= 0.274; IgA: P= 0.943; IgG: P= 0.069; IgM: P= 0.985).

Considering the crucial influence of age and other factors, we

conducted both linear regression and binary logistic regression,

with the following covariates: age; smoking status; alcohol

consumption; BMI; and WHR. In the linear regression, there

was no obvious positive association presented when the IIEF-5

score of ED was treated as a dependent variable. However, to our

surprise, a significant relationship between ED (IIEF-5#21) and

IgG was discovered after adjusting for age (OR = 0.446, 95%CI:

0.221–0.902, P= 0.025) in the subsequent binary logistic regres-

sion analysis. Meanwhile, when we conducted multivariate

adjustments, the same positive relationship was found

(OR = 0.459, 95%CI: 0.223–0.944, P= 0.034). In addition, there

Immunization Associated with Erectile Dysfunction
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seemed to be no correlation between the other items (C3, C4, IgA,

and IgM) and ED risk. All results are shown in Tables 2 and 3.

Recently, some studies have presented that the morbidity of ED

was increasing with increasing age [4–8]. This time, in order to

test this hypothesis, we tried to describe the tendency of morbidity

as a function of age on the basis of data for IgG analysis. In this

analysis, age was divided into five groups (18–29, 30–39, 40–49,

50–59 and 60+). The number of patients and morbidity of ED are

presented in Figure 1. The results confirmed the hypothesis that

the morbidity of ED was related to age. Meanwhile, the increasing

rate was enhanced when the age exceeded approximately 40.

Immune-related genes are associated with ED
According to the IIEF-5 score and the cut-off (i.e. a score of 22),

the phenotypes were divided into continuous and binary variants.

On the basis of the available database, 106 genes related to

humoral immunity were analyzed. Every set of tag SNPs for genes

were entered into further SKAT analysis. The results showed that

PTAFR (binary IIEF-5: P= 0.0096; continuous IIEF-5:

P= 0.00869), IL27 (binary IIEF-5: P= 0.0029; continuous IIEF-

5: P= 0.1954), CD37 (binary IIEF-5: P= 0.0248; continuous

IIEF-5: P= 0.5196), CD40 (binary IIEF-5: P= 0.7146; continuous

IIEF-5: P= 0.0413), IL7R (binary IIEF-5: P= 0.1223; continuous

IIEF-5: P= 0.0222), PSMB9 (binary IIEF-5: P= 0.1237; contin-

uous IIEF-5: P= 0.0212), and CXCR3 (binary IIEF-5:

P= 0.0849; continuous IIEF-5: P= 0.0478) could be key genes

in influencing ED (Table 4). When calculating the FWER with

1000 permutations, we divided them by three different cut-off

points (0.05, 0.5, and 1). There were no positive genes when the

FWER was restricted to 0.05. When FWER was restricted to 0.5,

IL27 was shown to be associated significantly with ED (binary

IIEF-5: P= 0.0022; Table 5).

Discussion

ED affects a large number of people worldwide. However, not

many researches have investigated the relationship between the

immune system and ED. This study was conducted to explore the

association between immune substances, key genes, and risk of

suffering from ED. The results suggest that IgG and seven genes

(PTAFR, IL27, CD37, CD40, IL7R, PSMB9, and CXCR3) could

be key factors in the pathogenesis of ED, which are potential

targets for immune and gene therapy and, therefore, the subject of

future studies.

Table 1. Characteristics of the eligible samples in this analysis for IgG and erectile dysfunction.

Total ED NO-ED P value

#21 .21

Number 1243 590 653

Age 35.3469.37 37.35610.56 33.5367.71 ,0.001

lnIgG (mg/L) 2.5460.16 2.5560.16 2.5360.17 0.069

BMI (kg/m2) 23.4463.43 23.5963.29 23.3063.55 0.126

,24 328 400

,28, $24 210 187

$28 52 66 0.031

WHR (%)

#0.9 355 426

.0.9 235 227 0.065

Smoking (%)

Never 255 274

Former 22 17

Current 313 362 0.429

Drinking (%)

No 85 64

Yes 505 589 0.013

Education (%)

0–6 11 2

7–9 128 84

$10 451 567 ,0.001

Hypertriglyceridemia 161 199 0.216

Elevated BP 66 77 0.738

Low HDL-C 43 60 0.225

Hyperglycemia 156 130 0.006

*IgG was logarithmically transformed in the following analysis.
*IgG = Immunoglobulin G, ED= Erectile dysfunction, IIEF = International Index of Erectile Function, BMI = Body Mass Index, WHR=Waist Hip Rate.
*Student’s t test and Analysis of Variance analysis were applied for (ANOVA) quantitative traits; Chi square test (x2) was for the qualitative traits.
doi:10.1371/journal.pone.0111269.t001
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Immune substances associated with ED
This cross-sectional analysis of five immune elements (C3, C4,

IgA, IgG, and IgM) and ED risk was conducted based on a

population health survey. In the essential analysis, we found that

age, obesity, drinking, educational status, and hyperglycemia could

be associated significantly with ED risk, as shown in recent studies

[31–33]. In order to discover the tendency of morbidity with age,

we presented the relationship by intuitively drawing a curve chart.

The results confirmed the significant association between ED

morbidity and age increase. On the other hand, it also identified

that the morbidity increases obviously when the age is above 40

years old, which had been confirmed previously in other studies

[4–8]. In addition, our results suggest that the level of blood

glucose might also be positively associated with ED risk. This

conclusion was also verified by related research, after comprehen-

sive reading recent studies. In 2014, Shi et al. [34] suggested

diabetes mellitus markers of ED, providing an opportunity for

early intervention in aboriginal adult males. At the same time, in

one cross-sectional study among Turkish patients, Cander et al.

[35] confirmed a significant association between ED and diabetes

mellitus. For educational status, we also identified a distinct

difference between the three groups with differing numbers of

years in education (0–6, 7–9, and $10 years). In 2014, Ettala et al.

[36] studied the relationships between the risk factors and ED,

which identified that a higher education level might decrease the

risk of ED. So, according to our baseline analysis, we proposed

that age, educational status, body weight, alcohol consumption,

and level of blood glucose might be the risk factors influencing ED

development.

However, the five immune agents that we investigated showed

no positive relationships with ED risk. Among the agents, IgG may

be a potential factor for ED risk, as the P-value was close to being

significant (P= 0.069). In order to examine the real relevance of

IgG in ED, we adjusted for other influencing factors. A significant

Figure 1. The tendency of the morbidity of erectile dysfunction (ED) along with age growth. * X-axis stands for ages with 10 years range
difference. * There are two Y-axes. On the left, the axis stands for the counts of ED or no-ED patients. As for the right one, it represents the morbidity
of ED in different age brackets.
doi:10.1371/journal.pone.0111269.g001

Table 4. The significant association for the genes of humoral immunity and ED.

Gene SNP. Test Binary Continuous

PTAFR 2 0.0096 0.0869

IL27 1 0.0029 0.1954

CD37 1 0.0248 0.5196

CD40 3 0.7146 0.0413

IL7R 8 0.1223 0.0222

PSMB9 5 0.1237 0.0212

CXCR3 1 0.0849 0.0478

* Phenotypes were divided into two groups: Binary group (ED & no-ED) and Continuous group (defined by the IIEF).
* The SNP. Test was the number of SNPs analyzed in the associated test.
doi:10.1371/journal.pone.0111269.t004
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association emerged between IgG and ED after adjusting for age

(P= 0.025) and multivariate covariates (P= 0.034). This result not

only indicates a relationship between IgG and ED risk, but it also

highlights the importance of age, with the P-value increasing after

multivariate adjustment. In 2006, Blans et al. [16] investigated the

relationships between infection, inflammation, and ED. The

results indicated that inflammation and related agents played a

crucial role in ED risk. When an infection induced an immune

response, the concentrations of circulating inflammatory markers

would increase, which, in turn, resulted in diffuse changes in the

vessel wall by influencing the endothelial function [37,38]. In

addition, Yin et al. [39] provided a new therapy of ED by injecting

nerve-injury-induced protein 1 antibody (Ninj1-Ab) in mice, which

showed promising efficacy. Therefore, we suggest that immune

therapy could be a promising method of treating ED.

Genes associated with ED
From the available database, data on genes related to humoral

immunity were collected. After analysis by SKAT, P-values of the

genes were used to estimate the association between the genes and

ED risk. Seven genes (PTAFR, IL27, CD37, CD40, IL7R,

PSMB9, and CXCR3) seemed to show a positive association with

ED. The genes are known to be associated significantly with the

immune system and inflammatory reaction. PTAFR encodes a

seven-transmembrane G-protein-coupled receptor for platelet-

activating factor (PAF), which plays a role in oncogenic

transformation, tumor growth, angiogenesis, metastasis, and pro-

inflammatory processes [40–42]. In 2013, Predescu et al. [43]

confirmed the effects of PAF in activating endothelial nitric oxide

synthase (NOS), which plays a key role in the human corpus

cavernosum smooth muscle cell relaxation process [44]. Addition-

ally, the protein encoded by the IL27 gene is one of the subunits of

a heterodimeric cytokine complex that plays a key role in B-cell

differentiation and functions [45]. As a cytokine, IL27 may also be

important in inflammation [46,47]. However, a relationship

between IL27 and the pathogenesis of ED has not been reported.

Another gene, CD37, encodes the leukocyte antigen CD37, which

mediates signal transduction events and T-cell-B-cell interactions

that regulate cell development, activation, growth, and motility

[48]. The protein encoded by CD40 has the same function in the

immune system and in inflammation. As a member of the TNF-

receptor superfamily, the protein encoded by CD40 is associated

with many diseases such as autoimmune disease, tissue inflamma-

tion, and so on [49–51]. The protein encoded by CXCR3 was

reported to be expressed in activated T lymphocytes and natural

killer (NK) cells [52]. A relationship between CXCR3 and

atherosclerosis, type I diabetes, and acute cardiac allograft

rejection has also been shown in previous studies [53–55]. The

PSMB9 gene, which is located in the class II region of the major

histocompatibility complex (MHC), was found to be related to a

series of immune-related diseases [56]. IL7R, located on 5p13, has

been shown to be associated significantly with infection, inflam-

mation, and CAD. In 2011, Pickens et al. [57] suggested that IL7

and its receptor were overexpressed in rheumatoid arthritis

synovial fluid and peripheral blood macrophages, as well as

fibroblasts. Although significant correlations were found between

the abovementioned genes and ED risk, after restricting the

FWER value to 0.5, only the IL27 gene showed a significant

association with ED. Thus, we suggest that IL27 may be one of the

genes involved in the induction and regulation of ED.

On the basis of the relevance of the genes in infection,

inflammation, diabetes mellitus, CAD, and so on, we propose that

these immune-system-related genes might be associated with ED

risk significantly, because they regulate cytokine homeostasis,

which could induce a series of diseases. These genes, especially

IL27, could provide new views on gene therapy.

Limitations
This study has some limitations that need to be noted. (1) This

cross-sectional study was based on a large population-based

investigation. There were many inevitable restrictions, such as

samples losses, incomplete information, as well as other problems.

(2) Although we formulated rigorous standards for excluding and

including participants in this analysis, we could not ensure that the

confounding factors were excluded absolutely. (3) In this study, the

International Index of Erectile Function (IIEF-5) was applied in

order to identify ED, which could mix psychological and organic

diseases, while increasing the bias in the results. So, further study

was needed to confirm the research. (4) The samples in our study

consisted solely of the serum, which could represent the systemic

Table 5. By comparing the P-value of each test to the distribution of the minimum P-values obtaining from 1000 permuted data
sets Family wise error rate (FWER) was applied with the SKAT in binary and continuous group.

FWER=0.05 FWER=0.5 FWER=1

Binary

IL27 – 0.0022 0.0022

PTAFR – – 0.0113

CD37 – – 0.0403

AIRE – – 0.0516

DEFA6 – – 0.0396

Continuous

RFXANK – – 0.0653

CD40 – – 0.0425

IL7R – – 0.0136

PSMB9 – – 0.0566

CXCR3 – – 0.0577

* The FWER was defined as three cut off (0.05, 0.5, 1).
doi:10.1371/journal.pone.0111269.t005

Immunization Associated with Erectile Dysfunction

PLOS ONE | www.plosone.org 7 October 2014 | Volume 9 | Issue 10 | e111269



immune situation; however, the real circumstance in the organ

was unclear. (5) There are many methods available for analyzing

the association between genes and diseases, but each method

carries a risk of providing a false-positive result. In this study,

SKAT analysis was applied. Although this method could remedy

the defects of traditional GWAS analysis and it could detect multi-

SNP and epistatic effects, the results might be influenced by the

selection of tag-SNPs, numbers of SNPs in each gene, and the

powers of every SNP in the study. So, the genes identified by this

method might not only be associated ED risk, but also other

related diseases. (6) The absolute levels of identified gene products

were not present to confirm these identified genes.

Conclusions

ED is a prevalent disease that influences a large percentage of

males and has a significant negative impact on the lives of patients

and the economy. Considering the potential association of

infection and low-grade inflammation with ED risk, we conducted

a cross-sectional analysis to investigate the relationship between

immune substances and ED. Our results suggest that IgG and

seven genes (PTAFR, CD37, CD40, IL7R, PSMB9, CXCR3, and

especially IL27) might be key factors in the pathogenesis of ED,

which could pave the way for gene and immune therapies. The

correlation is to be confirmed in further studies.
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