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Abstract

Chronic obstructive pulmonary disease (COPD) is a type of inflammatory lung disease that is characterized by
progressively worsening airflow obstruction due to chronic bronchitis and emphysema. COPD is typically caused
by smoking and recent clinical studies have shown that men may be less sensitive to the effects of cigarette smoke
than women. Additionally, COPD is most likely to occur after the age of 40, when sex hormone levels decrease.
These studies suggest that male hormones may have a protective effect on the development of COPD. In order to
investigate this, we created an experimental model of testosterone-deficient COPD in mice by performing
orchiectomy and administering porcine pancreatic elastase (PPE). Our aim was to understand the role of
testosterone in the pathogenesis of COPD using this mouse model.

Administering PPE (2 units) to orchiectomized (ORX) mice resulted in a decreased survival rate and delayed
weight recovery following treatment. Microarray analysis of lung tissue indicated that ORX/PPE mice had an
increased protease/antiprotease imbalance compared to sham/PPE mice. Furthermore, administering 0.5 units of
PPE increased emphysema formation in ORX mice compared to sham mice, and significantly increased the number
of total T cells, CD4-positive T cells, and CD 8-positive T cells in ORX mice as measured by inflammatory cell
counts in bronchoalveolar lavage fluid (BALF) using flow cytometry. These changes were suppressed by
testosterone supplementation in ORX mice. The weight and cortical area of the thymus were significantly increased
in ORX mice. In addition, gene expression analysis using RT-PCR revealed that Aire expression was decreased in
the thymus of ORX mice. T cell depletion induced by CD3 antibody administration suppressed PPE-induced
emphysema formation in ORX mice.

In conclusion, our findings suggest that testosterone may inhibit the progression of COPD through T cell-
mediated immune tolerance mechanisms.

keywords - Chronic obstructive pulmonary disease, testosterone, emphysema, inflammation, T cells

¥ s/ Hi)
T2 PEPHZEVERT 2 (Chronic Obstructive Pulmonary Disease: COPD) (&, % /N4 32 & 5 2 45 E %W
ZRINCMAT 5 2 & THEL 2 KIEMDITRETH D, AT R % 2 829%5HE & 3% [1]. COPD



BB 5IMHEO E 2 E R, R SGERE I D SGERE (RIESERZE) B X OO w851 %
e (RIEMERNZ) Th 5 [2]o WHO 252019 4F 1250 L 7234812 K AuiE, COPD L&t izBIT 28RO
FIMTH ol 72, FEICBITS 405 EDO COPDAFHIZI0 %HIATH Y, AFIZBWTL40F
Pl E®DCOPD HiH=RIZ 8.6 %, HAEEERILS30 H UL EEHEM S TW5 [3,4]6

COPD #HDH)90 % \ZBUEED S 5 & Fhi, BHYEHNCOPDFEIEDRADMERAFTHSH Z LIFHSG
M CTH5 [5]o LA L, COPDIRRED FHER MBI IIIEF ICREWTH Y, il - Mz CREONR
HIER DRI R & 2 228 % 133 [6]o W, COPDIIEIZRID % & /N TN S IT W22
PEEPGEL, WHIBEE TRV I N TR CCOPD # 38iET 5 [7]. ¥ 72, COPD DEJE
LIZBYHE D 15 ~ 0% FREICIRONE 2 &b d, ¥ N TORKZYEDEVR COPD DISIE - %
IR & 7213 IE S & 5 ARG AT 5 W REMEA SV (8],

VAR D ERRIFZE R X & fjATIZ, COPDEHICBI A IMET A M AT 0 VEDMER & & I L TIRIETH
LI LWL E L2 [9]o COPDDESEEAMIZIL, IFHREEEDIGIETH 2 1158 (FEV,) % 5 NIZ%
SR = (FVC) 2AHW 51, FEV, R FVC OIFRREDIREE L i T A b A7 0 Y EIZHET 5 2 &%
HEED COPD EHE X T 57 A M AT U Y HFEASCOPD O A I ) ABIERE 2 b 8452
ELHEEN (10, 11]e STNSOHEIE, 7 A MAT T UATCOPD DIEIE - HEFMEIZ B W CHIHIY
RYERZRL, MEEICHED 7 A b AT 8 Y 8O T 2SCOPDIRREDFIE - MO —K & 7 2 W HEM % 7R
4 b, LAaL, 7AMATHYOCOPDIZBITHEERZOFMZERABETRIIRIZICHL2EENT
W7

AIfZe T, BEEZ S A % —+ (Porcine Pancreatic Elastase: PPE) 5 cUER I BIT AT A N AT
0 > OLRER 7 %5 % 57 L, COPDIRREIEEIC BT A7 A MATH VK TOMS 2L 2T 5,

(9285 05 ik]

1. K~ Y 2 (ORX ¥ X) DK

Sejima 5D FHEX B L, ORXIZK 2T A MAT U Y RZETNVY T AX/FR L 72 [12], 8#igD~
T A% ARG R CIREE L, REB X OBERZ YL CSmmORERIT 7z, UIRE2 SAFH 25 & I
L, IRIMshFCHRELEEL, BEEZUBRL, 4586520 IS CHEB L OEREEL#AL, [
VY TR A THEE L, MR AR LROREEZ T2 7 A% sham~ 7 A L L7z,

2. Ji%UEE 7V 7 A DIEIK

AV 7NVT YIREET CTL0BE O 7 2 ZRMAY45 ~ 65 BEEDOMEAIZ 22 5 & 5 (ZREIER IR L 7274,
MicroSpraver & 50 32 1295 A L C, fEE @ Unit (0.25,0.5,2 Unit) D Elastase d L < IZPBS % 25 ul#t5- L 72
RESZNFEGAHEH T 2 PBSIZEEA#E L72b D%l L7z,

3. HLREZAMSRPr

BTNV AL DVER L 72U R 2 HE G012 & 0 geft U7z BALRE O B m (% 2 0 L, Wi
DORENED F & 20 5 ARG O3 e #E (Mean Liner Intercept: MLI) &1 L7z Mk IcBWTHHE
FRICBAMER IS 2 Hor L, MRS & O E - BB A OBlE 2 Fht L 72,0

4. ¥4 a7 LA ib
VA ) R—5 — et (R, HA) I2ZFE L, SurePrint G3 Mouse Gene Expression Microarray



8Xx60K v2~ A4 707 LA XD BIETHBAN 21T > 720 B ¥ TIVIIKEBRRED D Z NS L3Ol
MR IV EHB L, 1207 — V3 e L,

5. RT-PCR{#Hr

MU L 7240 > 7V 6 128 — b & v CRNAHINE 2 17 5 720 fill i L 7ZRNA % VILO ¢DNA
Synthesis Kit % F{\> Cafi#i55. L, Brilliant 1T Ultra-Fast SYBR Green QPCR Master Mix % F\» T RT-PCR %
’/ﬁ: D f: o

6. HOETSTEILRIREN BT (FACS f#HT)

PUARALER U 72 ifa 3k (Bronchial Alveolar Lavage Fluid: BALF) % FACS Verse & AW T L 720 K
2, T E727 — % % Flow Jo Software & FI\V> CHAT L 720 AT L7277 — % 20 & HIMEREL, Bk,
~rnu 77 —=U8 THIBEL CDARMETHIIEE, CD8FIETHIIAEIZ DV CEREMN 217> 720

7. FAMPATFOQVHIEY T ZADIER

Son 5O FFEEBIL, TANAT O UHFT~Y T AR L 72 [13]c ORX ¥ 7 AN Tl EM L 72
T ANAT U Y7 UG P (Testosterone Propionate: TP) % 10 mg/kg DU CHM 2 [ FHe5- L7z T
MDA EFLE L7z~ A% Vehicle B & L 72

8. THIRIR I~ Z DIERK

Amna S5O EESR L, BRI THKIBETS VT ZA2ER L7 [14]0 <7 A BB AT KIZE
72 CD3HUR10 ug 7 3 HIE, HE CHEEANKSG Lz, 20K, 3HZT CHERMICTHR L 72CcD3T
% BN G- L 720 AHIBEEIZ1Z CD 3 HUK D Isotype (Control IgG) 10 pug % [AARIZHHEL L TH G- L 720

9. MalfEbr

FERTAS RN L PIOME 2 FRHEEGE TR L TB Y, 2HEM O EIL Student’ s T #7E, 47 O L One-way
ANOVA Tukey M5EIZ & ) 175 720 AAFEO BIFNT L Log-Rank BE % Fhi L 720 A B 22O 2 (X )
BEEIZ LD, PIEAS0.05 KM & 0 % L SFEEZRDODL LD EEDIZ,

[R5/ 5%
1. ORX L ¥ & O PPE BRI E U= Z12361) 5 4% L il 0 B R A

T A MAT O Y RZHPPPEFHEMAMEIEHC G 2 5 8 %5l § 5 7290127 7 AIZORXAMT &L, 2
J[E 212 PPE 2 Unit D5E XN G- % FEhti L 720 PPEFX5-20 5 3B M O AR 4 5 L 7212, MioIEES
HIFFiB L O~ A 7 a7 L A 12 X 2 M@ EE T 21T - 720

PPERE XG0 5 3 A O K ET VY7 AZBWT, ORX/PPEHLIN O~ 7 ZDALFHF IV
H 100 % TH o720 — T, ORX/PPEREDEAEIL53.8 % & 7% 1), ORX/PPERED LI 3T L b
BLTHEEIZKT L7 (Fig. 1A). PPE#G-3HMZIZBWT, EfF LIz~ ADRZEDILRIZONT
HE ¢t & MLI D %E = % AV CEEli % 17 - 7243, sham/PPE # & ORX/PPE #ED MLI DL KIZH B 72 71358
5N 7z (Fig. 1B)



ORX

»
o
g
3

g i 3
E - . &
0 R e———

3 L -
" - shamPBS ]
g == shamPPE =
g M -+ ORXPES 5
o -=. ORKPPE ~

1234667 14 2 w

Time {Days after PPE instillation) o |

Fig. 1 Effect of orchiectomy (ORX) on survival rate and lung morphology in PPE
inhaled mice. (A) Survival plots of sham-surgery and ORX mice after intratra-
cheal instillation of PPE. sham and ORX mice were treated with PBS or PPE (2
U).n =6 mice were used in each group. **p <0.01 by log-rank test comparing
the ORX/PPE group to other groups. (B) Representative photomicrographs of
hematoxylin and eosin stained lung sections obtained from the indicated mice at
21 d post intratracheal instillation of PBS or PPE (2 U). Scale bar = 100 ym.
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Fig. 2 Validation of microarray data by real-time reverse transcription polymerase
chain reaction (RT-qPCR). Microarray data of three selected genes were
validated by RT-qPCR. Microarray gene expression data (white bars) of
selected genes (Serpina3m, Stfa2, and Ahsg) were compared to results
obtained from RT-qPCR (black bars). Y-axis is the log-transformed means of
fold changes.
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Fig. 3 Effect of ORX on lung morphology and inflammatory T cells in low dose of PPE
inhaled mice. (A) Representative photomicrographs of HE stained lung sections
obtained from the indicated mice at 21 d post intratracheal instillation of PBS or PPE
(0.25,0.5 U). Arrows indicate the enlarged alveoli area. Scale bar = 100 ym. (B)
Mean linear intercept (MLI) of alveolar space for each group of mice. n = 4 mice were
used in each group. **p < 0.01 by unpaired t test comparing ORX/PPE 0.5 U group to
sham/PPE 0.5 U group. (C) Bronchoalveolar lavage fluid (BALF) of mice adminis-
trated PBS or PPE (0.5 U) for 2 d was used to specific the T cell counts by flow
cytometry analysis. n = 4 mice were used in each group. Each bar represents the mean
+ SEM. *p<0.01,***p <0.001 by One-way ANOVA test.
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Fig. 4 Effect of testosterone administration on lung morphology and inflammatory T cells in ORX/
PPE mice. (A) Representative photomicrographs of HE stained lung sections obtained from
the indicated mice after 21 d intratracheal instillation of PPE (0.5 U) . Arrows indicate enlarged
alveoli area. Scale bar = 100 ym. (B) Quantification of MLI for each group of mice. n = 5
mice were used in each group. Each bar represents the mean + S.E.M. *p < 0.05 by unpaired
t test. (C) BALF of mice administrated PPE (0.5 U) for 2 d was used to specific the T cell,
CD4+ T cell, CD8+ T cell counts by flow cytometry analysis. n = 4 mice were used in each
group. Each bar represents the mean + S.E.M. **p < 0.01 by unpaired t test.
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Fig.5 Effect of ORX on Thymus morphology and gene expression. (A) Representative
photomicrographs of HE stained Thymus sections obtained from the indicated mice
14 d after ORX surgery. (B-D) Quantification of Thymus weight, cortex area and
gene expression of Aire in each group of mice. n = 3 mice were used in each group.
Each bar represents the mean = S.E.M. *p <0.05, **p <0.01 by unpaired t test.
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Fig. 6 Administration of CD3 antibody reduced the effects of ORX. (A) Rep-
resentative photomicrographs of HE stained lung sections obtained from
the indicated mice after 21 d intratracheal instillation of PPE (0.5 U).
Scale bar = 100 ym. (B) Quantification of MLI for each group of mice.
n = 8 mice were used in each group. Each bar represents the mean *
SEM. #p<0.01,***p <0.001 by One-way ANOVA test.
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