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Influencing Factors of Peripheral Blood Lymphocyte subsets in Workers with
Chronic Obstructive Pulmonary Disease Exposed to Inorganic Dust

Jin Ee Baek’ - Jae Hoon Shin - Joo Hwan Hwang - Youlim Lee - Jong Seong Lee - Byung-Soon Choi

Institute of Occupation and Environment, Korea Workers' Compensation & Welfare Service

ABSTRACT

Objectives: Inorganic dust is known to be a risk factor for chronic obstructive pulmonary disease (COPD)
regardless of smoking and pneumoconiosis. Adaptive and innate immunity, including lymphocyte infiltrate, are
involved in the pathogenesis of COPD. The purpose of this study was to analyze the lymphocyte subsets in the
blood of workers exposed to inorganic dust and confirm the influencing factors.

Methods: The general characteristics of the subjects (n=107) were analyzed through a personal questionnaire.
Diagnosis of COPD was established according to pulmonary function tests with FEV1/FVC post bronchodilator
lower than 70%, according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines. For
lymphocyte analysis, blood was stained with a fluorescent CD marker and analyzed by flow cytometry.
Results: The increase in CD4" T lymphocytes was associated with a decrease in age (8=-0.273, p=0.008) and
an increase in the cumulative smoking amount (8=0.205, p=0.034). The increase in NK cells was associated
with an increase in age (8=0.325, p=0.001) and a decrease in cumulative smoking (8=-0.220, p=0.019). The
period of exposure to dust, %FVC predicted and %FEV1/FVC, and the relative population of peripheral blood
lymphocytes did not show a statistically significant relationship.

Conclusions: CD4" T lymphocytes and CD56'CD16" NK cells in peripheral blood were more related to age and
cumulative smoking than the duration of dust exposure. Age and smoking are major risk factors for the
development of COPD, so it can be predicted that peripheral blood CD4" T lymphocytes and CD56'CD 16" NK
cells are related to the development of COPD in workers exposed to inorganic dust.
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WA 4| A " EK chronic obstructive pulmonary
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T XA o= o] MYP=HA Exotal ohefst A4l
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Qg ¥ AFHHS ¢ ¥ 2Z|9 HRIE Ig HHF,
COPD 59| wjdgho] FIEtial EuE it Hertzberg
et al.,, 2002; Qian et al., 2016; Denis, 2016). A&
7HA] BatE g2 AtolA FAx FrEZ 2R 97
S A5ty Y8Rl HeFon, du dF5E o]
A9 YE 8o LEEHH Eo] ITHTHE FXH
Ql ®W7|s AokE 2T 4= SleE=E EXIE o|ZA}
it X]&A91 =7t HastthPorter et al.,, 2004).

COPD =Rlo| TAH 4= ARIAEY A hHlE
Slas-geiEsasd By, HIAE, 3} 5o A
2 Eotdor g5t st AR IHA Ut
(MacNee, 2005). 9 ofge] HIHFHQl 24dxt
HE SA2 T4l ok dEFler, Ha oky] 9
715AIe S5Eet T Hi9] = ATA7} o
B %9t Aneal et al., 2008; Xuehai et al., 2009).
JIAe} COPD #H AtoA 47|19 +2/MPa
71289 v|%, 7|2y HAY AEAe] dHEe|, 181
Yuo] ogt ¥ COPDY Ay W FS3=oF ¥
=o] Itk B EQtH(Hogg, 2004).

COPDE= &g Fofigh A 74 =40 tigt
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of £4Z& 1 tE(ligand)E FHAIA S22 0]
H A9l AW ut-go] HA FHEtHJaneway
et al, 2002). 2]I7*=% TLR (toll-like receptor)7} <l
A5} NF-kB (nuclear factor kB)7} EAJst=|H A)
A 2= T2 dSWHEES BAA =EHlska, of
eSS HEdiA el SF5TE S4H3N7I
1 o] 5ol A SRS gAY FE|EHA HIE 7| A do]
HofElo] H&AgE LoFITKDi et al, 2002; Mills et
al, 1999). -gHIHIZo|= TLRo| Hojeh= Aoz
A =, v]Ad<(immature) FAVIAIE(dendritic
cel)®] TLRO| 224y 502 QI3 27t=rt Aok
H FnEF olFsto] ujigdE T LGS CD4A™ T Al
I = CD8" T ME= ZASHAZItLambrech et
al, 2001). CD4" T AlZE a4
B AZ 5 HE HINEES &4

a1, o|& Rlsf FFMEES /oty T Es|ad
5°] EH|=]o] COPDE Bl 24Xt} (Grumelli
et al, 2004; Marina et al, 2002). CD8" T A|Z:=
S4E Ax2E Ay 35k 3 Axe AHE
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(apoptosis)stAY, perforin, granzymed} 72 thill
&l 23] HAKnecrosis)Et. o7t AlE AHE
< 44 o E fE5ta, COPD SHAof|Al= H 2Lty
AM|E] 7)ol aste] AFEE A|xo] ZrolEo] &
As] ojAIA] Eotal A ATtde e g Zgsto] g
25 4L A4S 4 JHGrumelli et al, 2004). B
Azo] 71 GA] Aol 2ggat o] Yot oJAXA]
H(Cosio et al, 2009; Hogg et al, 2004), Hfo]HA
U Al ges Qg d3HeS SFAY= 982
sttty % Ot (Retamales et al, 2001; Kang
et al, 2008) COPDOJlA B A|xZ2] H&of tjsfjA|+= o}
2] S50 dAA] LT

COPD Ao} @F dx+t 243 74
=2 iR ES o= A T

ROz JEH EXxE I2A9F T2 Z
COPD H¥+ i A= o u
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1. A hy

2 A= 3 '@EA, 2FF Kl 5 SEA
71849 &gl Y= oFIEZAERA HHIH|
e ES 3%Fo 4 FAFAEFHZEE) AHA] o
3t AFEIRY ARRAPE flsl 00Tl gt
L2255 F 20159 % O0AFY 7133 ES-2 ¢
9] d3AE 4QI(IRB No. 2015-01-01, 2015. 05)
T AgE OOUTY AFIA| “Fr1E7 =& o7 &
259 i ofg R4 oH|A+(Pilot study)” 4
< 9ol Aol AEH AAHTAE T2 A
1078 W= 5ttt

2. 17 e
1) ARCARRO] UsHE S
ALY EY] UG HEZANES B Y, BA =
Q
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w715 AAETE v=gTetel/ el olA
sk ol wet a3d A gu A ads
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o] 9 FAFEFZR) AR tigt AFIAE AEx
AP AmE ARESISITE S84 B-7 18] FAIE &
3t & g9l d=Al(Choi et al., 2005)9] w=} B4
H A #&3Kforced vital capacity, FVC) ¥ =3
A %7t ©7]%K(forced expiratory volume in one
second, FEV)S &9Qlstgion, Ax3(FEV,;/FVC)o]
70% ©ekel 3¢ COPDE Aetstitt.

3) AN xF H FE HAME 2N

ALRAIAY] BHE 6 mL AFAEIHVacuette,
Greiner bio-one, Thailand)°l ¥ &, S1L=7] A
EDTA (ethylenediaminetetraacetic acid) SE(BD
Vacutainer, USA)oll ©2L 12A]7F oJujo]] Y loly B
g Fololtt. @5 Hik A4S flo H 1Y
CD(cluster of designation) markers G4 &, SAIZ
E47|(flow cytometry, FC500, Beckman Coluter,
USA)E &l @5 HZFoldR CD4"™ T AlxZ(helper
T cell), CD8" T Al&E(cytotoxic T cell), CD19" B A&
2 CD16"CD56" NK A|Z(natural killer cell)9] A
34| (relative count)s EASFAT]

3) AzEM

SPSS 17.0 T2 IH(IBM SPSS statistics, USA)S
ol-&st] BAEAE FSIIH. £ Aol AREE A
HE9 A3 Kolmogorov-Smirnove &9 A3
St A, EXLE717, S8 2 SRt
of We dF FZF9 ALEHI(%) BaH|w
t-test == ANOVA testE A5l ERlst3l o
T HIAolgo] v FFRRI2 AFIARAEZ o]
&5kl Aokt 2 4499 foes2 0.05=
stelow pgro] okt 25 W A [94e] U=
Ao g Wetsiett

ng i ol

. SZat

1 QUHIHEAM
. L e

=

2 A1 AR 1078 2% Gy o
HEALS Table 13 Zth AFtiARte] HaAH
71494190, Ho EXL=E772 16.63E°]UT
ZAAE 559or AFTAe] 51.4%%oH, ¥
2 A2 19.927Hd(pack year)ol ATt

flo 1%

N
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Table 1. Characteristics of study subjects (N=107)

Characteristics Remarkers
Age, years, AM+SD 71.49+7.28
Exposure period, years; AM£SD 16.63+8.93
Current smoker; N (%) 55(51.4)
Cumulative smoking, pack-years 19.92+18.06
%FVC predicted; AM+SD 81.92£12.76
%FEV; predicted; AM+SD 63.69£16.27
%FEV1/FCV; AM£SD 54.46+11.61
CD4" T cells; % 38.73£10.34
CD8" T cells; % 21.15£7.75
CD4/CD8" T cell ratio 2.14+1.11
CD19" B cell; % 12.8445.68
CD16°CD56" NK cells; % 24.90+11.92

Abbreviation: AM, arithmetic mean; CD, cluster of designation;
FVC, forced vital capacity; FEV;, forced expiratory volume
in one second; NK, Natural killer; SD, Standard Deviation

2. QHIMEM0| IE €5 2o

AFHIAEY Lty B4 g @F o4 &
5] A3M= Table 29 Zth CD4T T AEQ] A4
= AR Aol WE {3t AfolE He
H(p=0.050), Aol S7Feoll whet NK AMZZe] A+
= Yot S715FATHp=0.009). FAfFol o
£ BluoA= @A SAAY EF CD4 T A= 4
-gH]= 41.08%= HIZAAFS] 36.24%°1 H]sl 72
SHA| =342 (p=0.014), SAAY EF NK A|22] 7
2 20.64%= H]ZAR] 29.39%°f H|5| F-J5HA *
UTHP0.001). AFHIA=ES +4 FdFol L2
& ¥F CD4" T A2 Ad-+3v= fsHA 57t
styor, €% NK Az Adi+-/del= Hashs 7
TS BHYou FAZCZ Fo4dS UATHP=0.125).
%FVC 4 A&A7F 80% tlwkel 3% d5 CD4™ T
Aazo] g el FelskAl RokeH(p=0.010), 5
NK Alzo] Aitduls FostAl =%tHp=0.020).
CD4" T Al 2 NK AlZ9] EXweE7|7t 9 dx7F
o] M Fgt Aol= §IGlth CD8™ T cell, CD4"/
CD8* T cell ratio ¥ CD19* B cell9] A% ZF HS
o e HHH| oA FAZLE {23t Aolg H
o|Z] ¢k
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Table 2. Relative population of peripheral blood lymphocytes as related to general characteristics

Characteristics N CD4* T cells  CD8' T cells CD4+/CD8.+ CD19* B cells CD16'CD56"
(%) (%) T cells ratio (%) NK cells (%)
Age(years)”
-69 39 41.88+9.78 20.1446.61 2.33t1.06 13.99+5.20 20.81£10.53
70-79 56 36.53+10.01 22.27+8.65 1.98t1.14 12.5046.23 26.33t11.64
80- 12 38.17£11.88 19.2146.24 2.23+1.07 10.67£3.63 31.51+£13.85
(p=0.050) (0=0.278) (0=0.296) (p=0.169) (p=0.009)
Exposure period (years) "
-9 25 40.41+£10.69 21.60+9.47 2.30£1.27 12.4215.83 23.25x12.47
10-19 45 39.66+9.66 20.34+7.20 2.20£0.99 12.73t5.26 24.41£11.12
20- 37 36.46+10.78 21.82+7.22 1.96+1.13 13.2616.19 26.60+12.59
(p=0.248) (p=0.656) (p=0.447) (p=0.841) (p=0.524)
Current smoking™
No 52 36.24+8.90 20.03+8.00 2.16£1.13 12.05+5.30 29.39+12.15
Yes bb 41.08£11.11 22.21+7.41 2.12+1.09 13.59+5.98 20.64£10.08
(p=0.014) (p=0.146) (p=0.841) (p=0.163) (p€0.001)
Cumulative smoking (pack-years)®
Never 20 33.72+8.97 21.76x8.52 1.83+1.04 11.8515.564 29.13+12.88
0.1-20 44 38.86+£10.30 20.13+7.24 2.21£1.04 13.4046.02 25.23+11.39
21- 43 40.93£10.39 21.90+7.95 2.21£1.20 12.73t5.44 22.59+11.69
(p=0.035) (p=0.531) (p=0.384) (p=0.597) (p=0.125)
%FVC predicted ™
>80 63 40.87£10.46 20.81+7.42 2.28t1.12 13.1915.36 22.67+£11.89
(80 44 35.67+9.46 21.63+8.26 1.95£1.07 12.3316.14 28.08£11.35
(p=0.010) (p=0.595) (p=0.129) (p=0.444) (p=0.020)
%FEV; predicted’
>80 16 39.18t7.73 20.63£7.21 2.17+0.95 13.5515.40 24.0318.562
(80 91 38.65+10.76 21.24+7.87 2.14£1.14 12.7245.75 25.05+12.46
(p=0.852) (p=0.77M)7 (p=0.912) (p=0.590) (p=0.755)

Arithmetic meantStandard Deviation
TCalculated by ANOVA TCalculated by t-test

Abbreviation: AM, arithmetic mean; CD, cluster of designation; FVC, forced vital capacity; FEV, forced expiratory volume

in one second; NK, Natural killer
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A e TS AEs At
CD4" T M= Adi+48v S7l= 989 T
=-0.273, p=0.008) ¥ +2& FA= F7HB=0.205,
p=0.034)2} T&o] QU9IT, NK A|ZEo] AhrAdn] &
7he d%9l $7KHB=0.325, p=0.001) ¥ +¥ SAF
9] Z4(8=-0.220, p=0.019)2} o] AAHTable
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3). CD4" T A& & NK AMZ9] Jgralof tigt 24
A4 (adjusted R)E= 22 0.073 & 0.1170]3101,
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0.0012 F44 3HEHF-2 JHs1ch. Athdatel
EX=E713Y, %FVC B4o5A 9 %FEV,/FVCe @
Z o] e E BAKCE o5t HAHS
Holx] ottt

www.kiha.kr



290 WXIO| - MRS - BEE - IR - OIFA - Al

3

Table 3. Independent factors associated with peripheral blood lymphocytes

Variables
B SE B p-values
Dependents Independents
CD4A"™ T cell Constant 66.139 11.462 p<0.001
Age -0.387 0.143 -0.273 0.008
Cumulative smoking 0.117 0.055 0.205 0.034
Adjusted R? 0.073
F 3.072(p=0.020)
CD16"CD56" Constant -10.265 10.745 0.342
NK cells Age 0.532 0.151 0.325 0.001
Cumulative smoking -0.145 0.061 -0.220 0.019
Adjusted R? 0.117
F 8.021(p=0.001)

Statistics were analyzed by backward stepwise method in multiple linear regression analysis.
Independent variables: age, exposure period, pack-year, smoking status (no/yes), mMRC, %FVC predicted, %FEV; predicted,

%FEV;/FVC ratio

Abbreviation: CD, cluster of designation; B, regression coefficients; SE, standard error; B, standardized B; NK, Natural killer;

R?, coefficient of determination

V.1 #

oL

Lok T E71dSe] S8 AF QAo AF
o] Z71d= H7]5o] AstE7] "ol H7]s A5t
o] Y1EaclE EAsh] HsliAe A™S Eshor &
tHFletcher and Peto, 1977; Postma et al., 2015).
Sandra 52 %3} HEo] d¥o] FEV,Y HAE ¢
< 7I&SRital Harsts Ago] Z|RARel mA]=
FFE oldfiot= A2 TE&7IAT|A F8sittar AQt
ol9tSandra et al., 2018). =3t} = L A
29] FAGo T Aol EF CDAT T Alxe A
ol S7Hgol wet 7154, FA]1 SHolA Hdleh=
dl(Julie et al., 2014; Li et al., 2019) o] Lo A
T Aol " "o Aol RIS 4= AT &
A+ A=Y A9, 98 2 EXLe27)1 25
o] =AY BEAoA COPD ¥H9] =9 99 <l
A1 A3t gQlo] CD4' T AlZ 9 NK AlZe} /-9
St #/do] El=t| ol=gt 2= COPD Ao ¥
ol CD4™ T AlZ 9 NK A&7} #o] Eo9lS 7Hs
A TRHO R AJARI

ol oA AR CD4" T A|ZE Ati+/du|7t
H|ZAR] vlsf &=okom, +4 Sd%o] Hers &
OJ5HA =2 2FE Eo=t, o= #A A= FA
st Ailo|ti(Schaberg et al., 1997; Helena et al.,

=
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2014; Cristina et al., 2015). 92 8% HI9
T 771 $71E 2Ee S sWAEske &
< A% IR B ErHDanesh et al,
1998). LI 5 EF CD4' T Al2Es S &9
sto] H|ZAA] Hls] FAXFAIA 15-50% S7Fekth
I BaEQlew, E3] 719 CD4" (memory CD4"
CD45RO") T MZ29] A% &0l Eol4 4 & &
Aoz JrKittal HIEQTHChavance et al,
1993; Akinori et al., 2004). Akinori 59 ¥7LofA]
719 CD4" T Al=7F Sd3t st g9 A8 E 2
Atk HISHlE=T], ol A&EAQA Ao s
naive T A|ZoA 7|9 CD4* T AlZ29] B3P} &
7] d&olzta skt Akinori et al., 2007). 7]
CD4" T Al &) gt kg o2 A&HHo0 =z F4]
stof f-ro] w3l TGSk o= QLT FE Al
02 A0 gt 4 &2 3 g dokh
Al(telomere) @5 S7HA71H, o= &0 93t
=1 875 AARIGAL SFtHValdes et al.,
2005). 92 &Y Eo] 719 T =9 &A% 5
202 FAsAHFS(antigen recall reaction)®l] &A|
£ oPIA71AL, ol SR} HIE AR vl A
Ag WY Eo] =olA= ol 2 4 okl HarEQl
tHLidia et al, 2004). ol AFtHAES] EF
CD4" T A9} Ati-+/dH]7} vl ARt Bls SAA
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oM Z=H, ol FAl s CD4™ T =] F4{°]
S1d 2= ggE, 25 vl FAAe] vs) ARt
oA wEAZET obdzt A 9 AHY A 5 oE
Age] 3 o[ Aol ¥l ¥ & Stk
ol AFE¥, EF NK AlEo| AH-+dH)7t vl F
AR wlsf FARIM W2 2IE H{H. COPD2

o)

e o] HgHe 9@ AHAG NuE9] 45zt
8o] 583 A3 sh= 2o0& UFA Sl NK Al
R Ao BEE Ax= Fo & vhEst
o Hug 5< AAS/d(proinflammatory) 282
sict. 2y obg7tA] COPDO) y E 3ol 74

3

N
o

2 oyt TS SRl F&o| BER|A] Lok
o} XF7HA] Bad &9 9 COPDSF NK A=
o] AYPAFLEL 7RSS AH7E 23]
4 g 5 Ao AREH AAFHES Ao] 5oz
sl AF+AITt LAISHA] G -7t w2, vEd
Aol vlel AR COPD ke HZ & NK A=
£ ZUkke Wi €% NK AlZE O 23 vf$ o
oFst Aog HEI QItKYafei et al., 2021).

Richard 52 COPDEAIS] % NK AZ7F A4
dizto] vlsf| AAasttta ®Eisiyl=d], ol#gt At
£ NK Az 11 vpAof meh gepd 4= glom, &
% NK AZ7} HAsks olf+= NK AlZ7F Hx2|9]
PFHIZ g0l & NK A2 4= 74 7
5A40] Atk SFHtHRichard et al., 2009). & t&
AFNAE NK AE] #H upAo] e} ) & I3
ZAof| ZA5H= NK AR 5 9 11 7|50] g2
o, Aejdo g #o] JZHIZ o]FdHA Ha Ut 7]
50| JA=lo] COPD HH7|Ho 9 & & Aok
399t Lucy et al, 2008). CD56%™CD16* NK A=
L 90% oJAJo] dddo] ZAJ5la, CD56™#"CD16"
NK AlEEs e d3ukSo] Sl 3o A5t A
29 7]% 3t xJo|2 Holtky B EEd|(Aurélie
et al., 2009), oJH A9 NK AlXZ+= CD56'CD16"
NK AlZ24, v]lgazte] vls) SRt 5 Ao
Eo7b @2 AIE Hol Fdof digh NK Al2e] |
Hhgof ot vtz getEch

ol A-tolA AFHIAESY EF CD8™ T A=
4 CD19" B AlZe 49, 59 € EdL=27|7t 5°
IFHLET BAFHCRE o3t HAdo] Qlolth
< B Sd3 duo] FAA AoA] Fo
% CD8" T Al 9 CD19* B A|®=9] 49} 11 7

N
|

o pgt B 10

0
i
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S7HAIZITAL sto] B Are} Aolst Ayt BalEQ)
o AR A, 544 v, JIF E= T

5 5ol w=t g2 4= vkl sFtHQiu et al.,
2017). o AF9Y] AFHPIAES 25 COPD At
£2, COPDE 7|FAIRE 330 wep g9 7%
A& Fol dEtx=dl AHS(mild, GOLD 1)olA=
CD8" T Al ¥ B AMlzo] H|s CD4" T M2 H&
o] ¢ gon FZ=7}t oFskE]|H(severe, GOLD 3)
CD4" T MZXch CD8" T MX @ B NE9] 8]
o Bt H1EYHYoo, 2009; Hogg, 2004). o=
COPDY] $3=ol weha dHRkgo] Gefzltks AL
oJulsty o] ALe] EF CD8" T Al ¥ CD19" B
Aol A7t ohA Bard AET Aol ol 2
= Qi

ChRo] AgAToA HeERl, AA-Y felaral A4
A 59 kZo] o3t HATEH v|eE RS
o] gt Hlo] Folgt Atol7t 9SS HEalshy HE
gho] dhyl frro] AALE Ao =t(Lee et
al, 2002; Davis et al, 2001; Ulrich et al, 1987), °]
H A9 AFIAES BF FEG TR
£% 749o] 9= COPD AER, H|=& AR
o] Yl 23] zpol= ERIg 4= glo] COPD U+
3] ZFAQI TAGS & 5 AT} FPHeE HH
4 53y B0 kgd AdHS ¢ AHZS At
HI B3o] g ZA 2T ofy 2t AHHS:
I A 3] ot B AR g2tk 942
37t BaE]Ql=d(Ulrich et al, 1987), ol &&=
E40] upeba] HHRkEo] jolE BY 4= th= A
olu|gtct. wEtA oW A= COPD A 3 F7|&
o &H Aol = T2AES] HYugof vl
= YIRS ERlotth= FollA 9n] Q= A+t

2 T MR

ol A7 A HET F A 2X=TE 24
oto] HIo] Azl Fo] 2 BRIskA] okl
o €% dHiqe S A 29de 5
ofe] TiRe welmd Agle] PP we 5 glow
2 % AToNL Yuael AYa oo wskgw

YEIEY 715H WSS fEste B Ao|rial
wajo] Basict EFF TR WeETI By

279 YuT @ Al BHL el Tlud
1
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