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Abstract 10 

Age and sex were shown to affect the prevalence and the manifestation of many respiratory infectious 11 

diseases. These can be attributed to age and sex related alterations in the immune system and in the 12 

lung functions. Since the outbreak of COVID-19, epidemiological studies consistently report that age and 13 

sex are major risk factors in both morbidity and mortality due to COVID-19. Thus, understanding age and 14 

sex dependent gene expression in the lung and in the immune system can provide mechanical evidences 15 

with respects to sex related higher risk of elderly to develop severe complications in respiratory 16 

infectious diseases. In this context, sex- and age- transcriptome analysis from hundreds of lung and 17 

blood samples, revealed significant downregulation of the lung surfactant and blood innate immune 18 

genes, that occur predominantly in elderly men. Depletion in lung surfactant leads to enhanced injury of 19 

alveolar epithelium and fibrotic destruction, and recruitment of the innate immune system is essential 20 

to control infection of new pathogens like SARS-CoV-2. Interestingly, surfactant proteins, which protect 21 

the lung from infection, are co-produced with the SARS-CoV-2 host receptor- ACE2, by the AT2 cells. 22 

Thus, infection by SARS-CoV-2 is expected to lead to decline in AT2 cells and a loss of surfactant 23 

proteins, especially in elderly men. 24 

25 
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Background 26 

Many infectious diseases, such as influenza and pneumonia, are more common in the elderly, and are 27 

associated with poor outcome. Partially, these can be attributed to age related alterations in the 28 

immune system, including modifications in several component of the innate immune system, like 29 

alterations in secretion and response to cytokines[1]. Sex differences were also described for the 30 

manifestations of many infectious diseases, including infections caused by viruses. These sex differences 31 

were shown to be associated with differential immune regulation[2,3]. A recent study in mice suggested 32 

that the stronger immune response of females might be the results of more activated innate immune 33 

pathways prior to infection[4]. In December 2019, a new lethal infectious respiratory disease emerged in 34 

Wuhan China[5,6] . This coronavirus disease 19 (COVID-19) has, so far, caused more than 10 million 35 

confirmed cases (28 June 2020[7]). Sequence analysis found a novel coronavirus, SARS-CoV-2, which is 36 

closely related to SARS-CoV, as the cause of the new lung disease[8]. Early epidemiologic analysis of 37 

more than 70 thousand cases in China indicates that about 80% of COVID-19 patients experience only 38 

mild symptoms, but some 5% developed severe pneumonia that in many cases leads to death. The 39 

overall case fatality rate (CFR) was estimated as 2.3. In this analysis three notable trends were 40 

observed[9]: 41 

1) The male CFR was almost twice as high than of females (2.8 vs 1.7 respectively) 42 

2) CFR sharply increases as a function of age, where CFR for patients below 50 is less than 0.4 and 43 

approximately 15 for patients above 80 44 

3) Background health conditions associate with elevated CFR 45 

Similar observations were then consistently reported from different countries. For instance, in South 46 

Korea, where an intensive policy of testing for outbreak monitoring was implemented[10], the local CDC 47 

reported on more than 1,250,000 tests and more than 12,700 confirmed cases, with an overall 2.22 CFR. 48 
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At that time about 58% of the confirmed cases were females but their CFR was reported to be 1.8, 49 

compared to the male CFR of 2.77. The differences in the age-related CFR were even higher than in 50 

China, with less than 0.2 for patients younger than 50, and 25 for patients older than 80 (28 June 51 

2020[11]). Similar age and sex biases were also reported by the New York City health department[12]. 52 

UK data from ~4000 COVID-19 patients that were admitted to intensive care units since the outbreak 53 

showed an almost 3-fold more male than female cases in critical condition (72.5% and 27.5% 54 

respectively). This work also reported an age-related survival rate for patient in critical condition ranging 55 

from 75% for young adults to only 27% for patients older than 75. Such differences have not been 56 

observed in pneumonia caused by other viral infections[13]. A recent study that summarized data from 57 

38 countries reported average male CFR to be 1.7-fold higher than average female CFR[14]. Finally, a 58 

large study from France, that included serological and clinical data, reported age and male bias for 59 

hospitalization, intensive care units (ICU) admittance, and mortality rate. This study also reported that 60 

although this sex bias occurs at most age intervals, the male to female mortality rate ratio increases with 61 

age, and was almost 3 fold for patients older than 80[15]. Molecular and clinical studies have reported 62 

that, of all confirmed COVID-19 cases, up to 20% will develop pneumonia, and of them some will 63 

develop acute respiratory distress syndrome (ARDS), primarily patients older than 65[16].  64 

The complete genome sequence of SARS-COV-2 was made public in early January 2020 65 

(http://virological.org/). Initial sequence comparisons revealed that SARS-CoV-2 is approximately 79% 66 

identical to SARS-CoV at the nucleotide level[17]. Structural studies and biochemical experiments show 67 

SARS-CoV-2 virions to be optimized for binding to the human ACE2 receptor ([17]and references within). 68 

An additional study found that, like SARS-CoV, SARS-CoV-2 spread also depends on the proteolytic 69 

activity of human TMPRSS2 protease[18]. Thus, tissues expressing both genes are prone to infection and 70 

virus replication, as demonstrated in the respiratory and digestive systems[19].  71 
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Taken together, the above evidences suggesting that age-related sexual differences that exist prior to 72 

infection in the lung and in the immune system might explain age- and sex- biased pathogenesis 73 

observed in several infectious disease and specifically in COVID-19. Therefore, the hypothesis of this 74 

study is that age and sex related biological factors, specifically in the lung and the immune system, are 75 

the cause for the high susceptibility of elderly and male patients who contract SARS-Cov-2, to develop 76 

ARDS and a pathological inflammatory condition that leads to a higher mortality rate. Identification of 77 

genes that have differential expression (DE), specifically between elderly males and elderly females, may 78 

provide evidences for the age and sex biased pathogenesis of COVID-19 and other respiratory infectious 79 

diseases. To test this hypothesis, an age and sex differential gene expression analysis from hundreds of 80 

publicly available lung and blood samples, followed by comprehensive bioinformatics functional 81 

annotation and disease association, was carried out. These analyses revealed a significant age-related 82 

decline in the expression of the lung surfactant proteins (SFTPs) in men. In addition, downregulation of 83 

dozens of genes associated with the innate immune system in the blood, including the Toll-Like 84 

Receptor 4 (TLR4) signaling pathway, was found. All these differences were found to be predominant in 85 

older men as compared to older women. Deficiency in surfactant proteins genes leads to idiopathic 86 

pulmonary fibrosis and incomplete repair of injured alveolar epithelium, mainly in older adults[20,21]. 87 

The recruitment of the innate immune system may be a determinant for efficient protection of the host, 88 

in the case of SARS-CoV-2 infection, since this virus is newly introduced to the immune system and there 89 

is no pre-existing adaptive immune memory. Finally, in attempting to provide genetic markers that can 90 

pinpoint risk factors associated with the identified age- and sex- related genes, a screening of public 91 

databases identified eQTLs and GWAS QTLs that associated with the expression and malfunction of 92 

these genes. Such genetic markers should be further evaluated to assess their clinical significance in 93 

COVID-19, specifically in elderly.  94 

Material and methods 95 
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Data acquisition. RNA-seq data, samples and donor annotations, genes annotations, and eQTLs 96 

information were obtained from the GTEx project version 8[22]. The population variation data and the 97 

minor alleles frequencies (MAFs) were obtained from the gnomAD database[23] (N=160,000). 98 

Analysis of sex and age differential transcriptome. Age and sex differential expression was calculated as 99 

previously described[24]. First, all the samples were annotated according to the tissue and the donor’s 100 

age and sex. Then, all the samples from the Lungs (Nall= 578; Nmen=395 Nwomen=183) and Blood (Nall= 755; 101 

Nmen=501 Nwomen=183) were further obtained from the full dataset, and divided into four groups 102 

according to age (older or younger than 60) and sex. Only protein coding genes were included in the 103 

analysis. The NOISeqBIO[25,26] algorithm was then used to compare Transcripts Per Million (TPM) 104 

expression values between the following comparisons: 105 

Men younger than 60 Men older than 60 

Women younger than 60 Women older than 60 

Women older than 60 Men older than 60 

A NOIseqBIO probability cutoff of 0.95 was used to identify genes with significant differential 106 

expression, as this cutoff value was shown to correct for multiple testing in similar datasets[27]. 107 

Differentially expressed genes were annotated and enrichment analysis was performed using the 108 

GeneAnalytics server, which can identify gene enrichment for several terms and data sources, including 109 

diseases, biological pathways, GO terms, and tissue expression[28]. To test Co-localization of suspected 110 

eQTLs, genomic variants which were reported to be associated with diseases and traits relevant to 111 

COVID-19 (e.g., pulmonary diseases) were obtained from the GWAS atlas[29].  112 

Results 113 

The working hypothesis of this study is that significant age-related differences in genetic expression 114 

between men and women in the respiratory and the immune systems can reveal contributors to the age 115 
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and sex biases pathogenesis of COVID-19 and other respiratory infections. The immune system can be 116 

sufficiently monitored by profiling blood transcriptome[30] and the lung represent the most affected 117 

tissue in ARDS[16]. Thus, to test the working hypothesis, the following analyses were performed- 118 

Differential expression in blood and lung between: Women older than 60 versus women younger than 119 

60; men older than 60 versus men younger than 60; men older than 60 versus women older than 60.  120 

The results of these analyses are shown in supplementary tables 1-6, and the number of differentially 121 

expressed (DE) genes identified in these analyses within and between the tested conditions are 122 

summarized in figure 1. Overall, about 3000 and 2000 age related DE (ADE) genes were identified in the 123 

blood and lungs, respectively. The vast majority of these genes showed age-related differential 124 

expression in men. 212/~3000 of the blood genes and 20/~2000 of the lung genes that have significant 125 

ADE also showed significant DE between older men to older women (figures 1a and 1b). Such genes are 126 

the main candidates to contribute to the age- and sex- related manifestation that have been observed in 127 

COVID-19. In order to assess the possible role of these ADE genes in ARDS and COVID-19, a functional 128 

analysis was carried out and the enrichment of these ADE genes to biological pathways, diseases, 129 

phenotypes and GO terms was computed using the GeneAnalytics tool[28]. The results of these analyses 130 

are presented in supplementary tables 7-12 and summarized in tables 1 and 2. Genes that undergo 131 

significant downregulation in the blood of old men compared to old women are mainly associated with 132 

the innate immune system response for viral infection (supplementary tables 7-9, table 1 and figure 2). 133 

Among these genes are IFITM1 and IFITM2 which are part of the IFN Alpha/beta Signaling pathway 134 

(table 1 and figure 2) and were previously shown to be important for the resistance against RNA viruses, 135 

including SARS-CoV[31]. Another innate immune response pathway that was found to be downregulated 136 

is the Tol-Like-Receptor 4 (TLR4) signaling pathway (table 1, figure 2). Results from a previous study 137 

showed that SARS-CoV membrane protein may function as a cytosolic pathogen-associated molecular 138 

pattern (PAMP) which stimulates IFN-β production by activating TLR-related TRAF3-independent 139 
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signaling cascade[32]. In addition, several genes like SERPINB1 that are part of the innate immune 140 

response are also associated with lung diseases (table 1, figure 2). Interestingly, SERPINB1 was reported 141 

to have a protective immunomodulatory activity that prevents lung epithelial tissue injury[33].  Genes 142 

that undergo significant age-related downregulation in male lungs are specifically associated with 143 

pulmonary surfactant metabolism dysfunction and pulmonary fibrosis (supplementary tables 10-12, 144 

table 2, figure 3). The surfactant genes SFTPB and SFTPC have significant additional downregulation in 145 

old men compared to old women (supplementary tables 4-6, table 2 and figure 3). Functional deficiency 146 

of these genes leads to fatal neonatal respiratory distress and pulmonary alveolar proteinosis[34]. Age 147 

related downregulation of lung surfactant could be the results of reduced expression, but could also be 148 

due to alteration in the tissue cell’s composition. SFTPs genes were shown to be co-expressed with 149 

ACE2, the SARS-CoV-2 host receptor, by the alveolar type II (AT2) cells. Thus, changes in AT2 cells 150 

distribution in the lung tissue is expected to be reflected by ACE2 age and sex related expression like the 151 

SFTPs genes. However, ACE2 expression analysis revealed no such age or sex related differences in the 152 

lungs (supplementary tables 4-6 and figure 3). To this point, the DE analyses have pointed to the 153 

association of two systems with the high age and sex related susceptibility to develop severe 154 

complications in respiratory infectious diseases including in COVID-19: the innate immune response and 155 

the lung surfactant metabolism. Thus, one can ask if the likelihood of having downregulation in these 156 

pathways is independent or tends to be correlated. To answer this, blood and lung samples from the 157 

same donors were obtained (n= 154), and the Pearson correlation co-efficiency values were calculated 158 

between the blood innate immune system ADE genes (n=82) and the lung SFTPs genes expression. This 159 

analysis revealed that the expressions of the lung SFTPs genes are highly correlated with each other (r > 160 

0.9) and, more importantly, the expression of the SFTPs genes tend to be correlated with most blood 161 

innate immune genes. Specifically, a significant high correlation between SFTPB, TLR5 and SERPINB1 (r = 162 

0.76; p < 0.00001, figure 4) was found. These results suggest that patients with low expression of the 163 
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blood innate immune ADE genes (that can be detected from blood samples) also tend to have reduced 164 

SFTPs expression. Finally, screening for genetic variants that associated with SFTPs gene dysfunction and 165 

expression can be useful for further evaluation of the clinical significance of these lung genes in COVID-166 

19 and other respiratory diseases. To this end, the GTEx eQTL database was screened to identify lung 167 

eQTLs that significantly alter the expression of the SFTPs genes. In addition, the GWAS atlas[29] was 168 

screened to identify variants associated with relevant diseases and phenotypes (e.g. pulmonary diseases 169 

and pulmonary functions) and are co-localized to the same eQTLs loci (+/- 0.5Mb). Such co-localized 170 

variants are prime candidates to undergo further evaluation and assessment of clinical significance. The 171 

results of these screens are summarized in table 3.  172 

Discussion 173 

Age related physiological changes are involved in impairing respiratory infections and its poor outcomes 174 

in the elderly. This high vulnerability can be attributed to modified immune response and to other 175 

alterations also occur in the lung as a consequence of the ageing process, which gradually lead to a 176 

decline in lung function[35]. Sex related biological differences were also shown to affect the prevalence 177 

and the course of many diseases. Many of these differences can be relate to differential gene 178 

expression[36]. previous study found that in many cases, this sex differential expression is age 179 

dependent[24]. Previously, a meta-analysis that preformed on more than 80 studies reported that males 180 

are more commonly affected with infections in the lower respiratory tract, and that the course of most 181 

respiratory diseases is more severe in males than in females, leading to higher mortality in males, 182 

especially in community-acquired pneumonia[37].  183 

One of the open questions since the outbreak of COVID-19 regards the causes for the age and sex biases 184 

in the morbidity and mortality rates due to SARS-CoV-2 infection. Clinical, epidemiological, and 185 

pathological evidences from COVID-19 studies demonstrate the involvement of the immune and the 186 
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respiratory systems, in an age and sex dependent manner, in the pathophysiology of the disease[15,38]. 187 

The increased sex- and age- related susceptibility is likely a result of naturally occurring differences 188 

between the sexes that express upon the properties of the SARS-CoV-2 infection. Sex related gene 189 

expression in the immune system was previously shown to affect the response to a pathogen prior to 190 

infection[4]. In this context, the age and sex differential transcriptome of lungs and blood was analyzed 191 

from hundreds of samples. These analyses revealed hundreds of ADE genes, mainly in men. The 192 

differences in the amount of ADE genes in these tissues between men and women could be explained by 193 

the differences in the sample sizes, which are much larger for men (for lung Nmen=395; Nwomen=183, and 194 

for blood Nmen=501; Nwomen=183). However, comparing the fold changes in gene expression between old 195 

to young, out of 19,179 protein coding genes that were analyzed, 745 and 225 genes have an average of 196 

1.5-fold change or greater, in the lung of men versus women, respectively. This suggests that while the 197 

differences in the number of identified ADE genes between men and women was likely affected by the 198 

sample sizes, it should also be attributed to the biological differences between men and women in the 199 

aging process. Functional analysis of the ADE genes within and between men’s and women’s blood 200 

tissue revealed that the most affected age-related pathway in men is the innate immune system (table 201 

1). Most of the blood ADE genes that associated with the innate immune system have a significantly 202 

reduced expression, which suggests a male age-related down regulation of the innate immune system. 203 

Functional analysis of ADE genes between elderly men and elderly women found the enrichment of a set 204 

of 82 genes of the innate immune system, which all had significantly reduced expression in elderly men 205 

as compared to elderly women. These findings suggest that women’s innate immune system is less 206 

affected by age. Some of the DE genes between elderly men to elderly women are specifically associated 207 

with the TLR4 signaling pathway (e.g., TLR2, TLR4 and TLR5, table 1 and figure 2). The innate immune 208 

response is the first mechanism of defense against infections. TLRs are important for the development 209 

and activation of innate immunity. The role of TLR4 is typically part of the response to the LPS of gram-210 
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negative bacteria[39]. However, a recent study suggested that cell surface TLR4 is most likely to be 211 

involved in recognizing SARS-CoV-2 and to inducing inflammatory responses, and thus plays a crucial 212 

role in the initial virus-induced inflammatory consequences associated with COVID-19[40]. Another 213 

group of blood downregulated DE genes between elderly women to elderly men, are directly associated 214 

with lung diseases. Among these genes are SERPBINA1 and SERPBINB1. These genes have a serine 215 

protease elastase activity, and deficiency of serpinB1 has been shown to decrease the survival rate and 216 

increases morbidity associated with murine pulmonary influenza. This was shown to be likely due to 217 

enhanced injury of lung epithelial and the failing to downregulate pro-inflammatory cytokine 218 

production, similar to the pathological finding in COVID-19 and other respiratory infectious diseases[41]. 219 

Mouse models found that the regulation of pulmonary innate immunity by SERPINB1 is an essential 220 

process in the host response to infection, accomplished by controlling the recruitment of neutrophils to 221 

the infected lung. SERPINB1 deficiency leads to overproduction of pro-inflammatory cytokines that are 222 

associated with fatal outcome of human influenza[41,42]. Mutations in the SERPINA1 gene are known to 223 

cause Alpha-1 antitrypsin (AAT) deficiency. With insufficient functional AAT, neutrophil elastase destroys 224 

alveoli and typically causes age-related lung disease[43–45]. 225 

Functional analysis of the lung ADE genes within and between men and women reveals that the most 226 

affected age-related pathways differing between men and women are the surfactant metabolism and 227 

pulmonary fibrosis (table 2), including all the SFTPs genes. The surfactant proteins, encoded by the 228 

SFTPs genes, are expressed and produced by the AT2 cells and are essential to maintaining lung 229 

homeostasis. Deficiency in these genes has been found to cause idiopathic pulmonary fibrosis and 230 

incomplete repair of injured alveolar epithelium, mainly in older adults[20,21]. Interestingly, SARS-CoV-2 231 

host receptor, ACE2, was also found to be expressed by AT2 cells[46]. Investigation of histopathology 232 

sections from COVID-19 patients’ discovered SARS-CoV-2 particles in AT2 epithelia, which was confirmed 233 

by RT-PCR[47]. Thus, the lung AT2 cells which are likely the SARS-CoV-2’s target are also the producers 234 



12 
 

of the surfactant proteins. Depletion of AT2 cells due to SARS-CoV-2 infection, or other pathogens that 235 

targeting the AT2 CELLS, is therefore expected to cause surfactant deficit, which has previously been 236 

shown to be associated with incomplete repair of injured alveolar epithelium and fibrotic 237 

elimination[20]. Similar to surfactant deficit, the main histological finding from autopsies taken from 238 

lungs of COVID-19 patients includes injury to the alveolar epithelial cells and fibrosis[48]. Altogether, 239 

these results show that the basal expression levels of the SFTPs genes in men older than 60 tend to be 240 

very low (figure 3, Supp. Table 4-6) as compared to younger men and women in all ages. Thus, older 241 

men are expected to be much more vulnerable to respiratory infection, specifically by pathogen that 242 

infect the lung AT2 cells, like in SARS-CoV-2 infection, due to the additional depletion of AT2 cell and loss 243 

of surfactant proteins. 244 

Conclusions 245 

Altogether, the findings of this study provide evidence for the high prevalence and poor outcome of 246 

elderly, specifically of males, to respiratory infectious diseases, and can illuminate a possible sex biased 247 

mechanism in COVID-19 pathogenesis: In the absence of adaptive immune memory, downregulation of 248 

the innate immune system in the elderly, especially in old men, suppresses their initial response to 249 

SARS-CoV-2 infection, likely through genes such as the TLRs. This, in turn, reduces virus clearance and 250 

increases the susceptibility of old men to developing pulmonary infection. The SARS-CoV-2 target host 251 

cells in the lungs are the AT2 cells, the producers of the surfactant proteins. The initial expression levels 252 

of the surfactant genes tend to be much lower in old men. Thus, additional decline of AT2 cells due to 253 

viral infection will abolish surfactant proteins and thus promote massive injury of the alveolar 254 

epithelium and fibrosis. This pathological process enhances hyper-inflammation that should be 255 

modulated by additional components of the innate immune system, like the SERPINs genes. However, 256 

the expression of these genes is the lowest in elderly men. Since the expression of the innate immune 257 
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ADE genes and the SFTPs genes tend to be correlated, it is likely that subgroup of elderly male COVID-19 258 

patients, will have an overall poor response to SARS-CoV-2 infection in both systems. 259 
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Tables 410 

Table 1. Summary of pathways and diseases associated with blood ADE genes 411 

GA Score SuperPath/ Disease Name 

 Diseases/ 

SuperPath 

Matched 

Genes 

Matched Genes 

Blood up regulated in older men 

21.08 Innate Immune System 17 

CEACAM8, JUN, HSP90AB1, FBXO7, DUSP2, 

EPX, DUSP1, GZMM, HSPA1A, CCL4, MPO, 

ELANE, LTF, CCL3, PLAUR, SLC2A3, HSPA5 

9.14 Rheumatoid Arthritis 15 

HSPA5, DUSP1, DDIT4, CCL3, CXCR4, ELANE, 

BAG3, CYTIP, CCL4, MPO, JUN, PER1, NKG7, 

PLIN2, JUND 

18.36 

Chemokine Superfamily 

Pathway: Ligand-Receptor 

Interactions 

5 CCL4L2, CXCR4, CCL4, CCL3, XCL2 

Blood down regulated in older men 

166.10 Innate Immune System 656 

PAK2, METTL7A, CD55, ATP6V1D, ATP6V1H, 

CD53, CDC42, CD93, PDE1B, NLRC4, CD79B, 

ARPC1B, CAPZA2, CASP4, CD177, MVP, NFKB1, 

CD300LF, MYD88, MANBA, MAPK3, CD33, 

CD1D, CD47, CD59, CDA, LY86, MAP2K3, NCF2, 

CD58, CKAP4, NFAM1, CD46, CEBPD, BAD, 
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BCL10, LTB, CCR1, PDXK, PIAS1, PECAM1, 

MMP25, FBXW2, LYZ, MEFV, FGR [and sup. 

Table 8] 

49.83 
Class I MHC Mediated Antigen 

Processing and Presentation 
226 

CTSB, CUL3, ICAM3, CLTC, CD36, FBXW5, IRS2, 

LAIR1, IFI30, IFITM1, GRB2, LILRB4, GSK3A, 

FBXL3, FBXO40, FBXO9, ITGB2, FBXO30, FGF8, 

AGO1, FCGR1A, CD274, FBXL5, ANAPC13, 

AP2S1, CSK, KLHL2, ACTR1A, ANAPC5, KLHL21, 

CTSA, CUL2, FCGR1B, LILRB3, LILRA6, CD14, 

CD300LD, CTSK, AP1M2, KBTBD7, AGO4, CTSC, 

ASB7, LILRA5 

35.08 
Antigen Processing-Cross 

Presentation 
54 

CD36, FCGR1A, FCGR1B, CD14, CYBA, B2M, 

BTK, CTSS, MYD88, NCF2, LY96, NCF4, NCF1, 

PSMA6, PSMD13, PSMB7, PSMC2, TIRAP, 

TLR4, PSMB1, PSMD6, TLR1, PSMA1, PSMC1, 

TLR2 [and sup. Table 8] 

31.03 
Toll-like Receptor Signaling 

Pathway 
112 

CREB5, BIRC2, CFLAR, FBXW5, CISH, JAK3, 

CUEDC2, IFNAR1, IL18, EIF2AK1, GRB2, IRAK4, 

FADD, CLDN9, IRAK3, IRF9, GNAI3, CASP10, 

IFNAR2, CTNNB1, CD14, CTSK, APAF1, IFNGR1, 

GNAI2, GNAQ, DDX3X, ARAF, EIF2AK2, DDX58, 

IFNK, BID, CLDN11, GSK3B, BTK, E2F3, CASP3, 

MAPK13, MAPK14, IL1B[and sup. Table 8] 
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24.02 Phagosome 54 

CLEC7A, ATP6V1E1, CD36, ACTG1, ACTB, C1R, 

FCGR3B, ITGB2, FCGR1A, HGS, CD14, 

ATP6V0B, DYNC1I2, CYBA, DYNC1LI1, 

ATP6V0E1, ATP6V1E2, FCGR2A, ATP6V0D1, 

ATP6V1B2, ATP6V1G1 [and sup. Table 8] 

Blood Down regulated in older men compared to older women 

85.93 Innate Immune System 82 

CXCR1, IFI16, GBP2, CLEC4E, CD63, IL1R2, 

GMFG, IFITM1, CYSTM1, CAP1, FCGR3B, 

IRAK3, GYG1, IL17RA, IL18R1, IL18RAP, ALOX5, 

ARG1, HCK, CXCR2, FPR1, LILRB3, ADGRG3, 

FCER1G, LILRA5, APBB1IP, IFNGR1, BCL2L1, 

IL13RA1, GCA, IFITM2, ATP6V0E1, KRT1, 

FCGR2A, DOK3 [and sup. Table 9] 

14.49 Activated TLR4 Signaling 9 
IRAK3, TLR4, RPS6KA1, S100A8, S100A9, 

UBE2D1, S100A12, TLR5, TLR2 

9.69 Influenza 15 

ANXA3, ARG1, CASP5, CD177, CLEC4E, IFITM1, 

IFITM2, IL18R1, MAK, OLAH, OLFM4, RPS4X, 

TLR2, TMEM119, ZDHHC19 

12.63 Lung Disease 14 

ANXA1, ARG1, CXCR1, CXCR2, IFNGR1, 

S100A8, S100A9, SERPINA1, SERPINB1, 

SLC11A1, TLR2, TLR4, TLR5, TXN 

  412 

Table 2. Summary of pathways and diseases associated with Lung ADE genes 413 
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GA top Scores SuperPath/ Disease Name 
 Diseases/ SuperPath 

Matched Genes 
Matched Genes 

Lung up regulated in older men 

10.39 Defensins 3 DEFA5, ITLN1, CAMP 

5.31 
Diabetes Mellitus, Noninsulin-

Dependent 
7 

APOA2, ESM1, ITLN1, GH1, SCT, REG1B, 

REG1A 

4.78 Crohn's Disease 5 HCAR3, REG1A, REG1B, IFNG, DEFA5 

Lung down regulated in older men 

58.50 Surfactant Metabolism 11 

ABCA3, DMBT1, CTSH, PGA4, NAPSA, 

SFTPB, SFTPD, SFTPC, SLC34A2, SFTPA2, 

SFTPA1 

31.27 

Defective CSF2RA Causes Pulmonary 

Surfactant Metabolism Dysfunction 

4 (SMDP4) 

5 SFTPB, SFTPD, SFTPC, SFTPA2, SFTPA1 

13.50 Pulmonary Fibrosis 

15 

ABCA3, ALDH3A1, FMO5, CRTAC1, BPIFB1, 

LAMP3, PEBP4, MFSD2A, PLA2G4F, PLA2G3, 

SFTPA1, SFTPA2, SFTPC, SFTPD, ZNF385B 

9.02 Lung Disease 
10 

SFTPA1, SFTPA2, SFTPB, SFTPC, SFTPD, SLPI, 

NPPB, CFTR, ABCA3, MUC1 

8.78 Respiratory Failure 
9 

CFTR, ABCA3, NPPB, REN, FGA, NPPA, 

SFTPC, SFTPD, SFTPB 
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8.77 Pulmonary Fibrosis, Idiopathic 
7 

MUC1, ABCA3, SFTPC, SFTPD, SFTPB, 

SFTPA1, SFTPA2 

6.32 Pulmonary Alveolar Microlithiasis 4 SFTPD, SFTPA2, SLC34A2, ABCA3 

6.00 Surfactant Dysfunction 4 ABCA3, SFTPC, SFTPB, SFTPA1 

Lung Down regulated in older men compared to older women 

17.51 
Defective CSF2RA Causes Pulmonary Surfactant 

Metabolism Dysfunction 4 (SMDP4) 
2 SFTPB, SFTPC 

4.86 
Respiratory Distress Syndrome in Premature 

Infants 
2 SFTPB, SFTPC 

 414 

Table 3. Summary of genetic variants associated with Lung SFTPs genes expression and function. 415 

Gene Top eQTLs hits Top GWAS hits (phenotype) 

SFTPB rs4832183; rs4832182 - 

SFTPC - rs8192327 (FEV1/FVC) 

SFTPA1 rs1650158 rs2559728 (FEV1/FVC) 

SFTPA2 rs1650158; rs35565917 rs2559728 (FEV1/FVC) 

SFTPD rs149407882 rs1923539-A; rs1923539-A;  rs3923564-G 

(Chronic obstructive pulmonary disease) 

 416 

Figures legends 417 
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Figure 1. Numbers of identified ADE genes in all analyses. Schematic representation of the DE genes 418 

found between the tested conditions in the lung (a) and in the blood (b). 419 

Figure 2. Expression of blood ADE genes. Distribution of gene expression levels of blood ADE genes, in 420 

women older than 60 (pink), women younger than 60 (red), men older than 60 (light blue), and men 421 

younger than 60 (blue). The TPM values are presented on the Y- axis. 422 

Figure 3. Expression of lung ADE genes. Distribution of gene expression levels of lung ADE genes, in 423 

women older than 60 (pink), women younger than 60 (red), men older than 60 (light blue), and men 424 

younger than 60 (blue). The TPM values are presented on the Y- axis. 425 

Figure 4. Surfactants genes expression tend to be correlate with the ADE genes of the innate immune 426 

system. The Correlation matrix as a heatmap, between the lung SFTPs genes (X- axis) and the DE innate 427 

immune genes between elderly men to elderly women (Y- axis). The matrix is sorted according to the 428 

highest correlation scores between the innate immune ADE genes to lung SFTPB. 429 


