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Dysregulation of Cellular Immune Functions on Gastric Administration to Mixtures
of Polyethlene Microplastics and Metallic Lead in Mice
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Background: The existing research results on the combined toxicity of these pollutants using mammals, such Accepted February 15, 2023

as rodents, are insufficient, especially in relation to changes in the immune system.

Objectives: This study aims at evaluating the cellular immune response to PE-MPs solely or when combined
with Pb, which possess excellent adsorption capacity with PE-MPs and is commonly co-exposed in our daily
lives.

Methods: The study investigated the cellular immune function of 9-week ICR mice with 28 days exposure to
PE-MPs (2 mg/mouse/day) and Pb (0.1 mM in distilled water) individually and in combination. PE-MPs were
administered via gastric intubation while the lead intake was conducted via the oral drinking water route.

Highlights:
- Polyethylene microplastics (PE-MPs)
Cellular immunity was evaluated by analyzing the production for Ty1 cytokines namely, TNF-o and IFN-y lead (Pb) h th ;
or lea can change the parameters
of blood.
- The PE-MPs only and PE-MPs+Pb

exposure groups revealed an increased

and T};2 cytokines, IL-4 and IL-6 in culture supernatants from polyclonally activated splenic mononuclear
cells ex vivo.

Results: Both the PE-MPs only and the PE-MPs+Pb exposure group revealed an increased Ty;1 response with
elevated TNF-¢, and IFN-y levels and downregulated T,;2 response with low IL-4, and IL-6 production levels I E——
compared to the control group. Furthermore, an increased IFN-y/IL-4 ratio was found in the PE-MPs only \'PD only exposure increased levels of

and PE-MPs+Pb exposure groups, which indicated the skewedness to T1 response. Meanwhile, reduced IL-4 of the dominant T2 cytokine,

blood hemoglobin levels and increased levels of IL-4, the dominant T2 cytokine in the Pb-only exposure

group, were observed.

Conclusions: Our current findings on the predominance of Tl immune response in the PE-MPs and
PE-MPs+Pb groups suggest that PE-MPs could be responsible for the predominant induction of the
cellular immune changes. This finding could be used as an important landmark in research related to T};1
predominance, such as autoimmune diseases. It suggests that additional research on immune modulation

using longer exposure durations or the same exposure route is required to elucidate stronger findings.
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tics, MPs)°]l 23t 274 A3}t 1A FTF EA7F AHEA HiF=
HA n|ASetaE vt e APE L oY

AW wAEtAER] SEH YAF Hixzof et §oA £
= =gA =gsto] 7k A, W, A H HE S 9
2p 7130 A o = FAE o] HAA} A2o] el JF
£ 4 ot Zejolgd ulASetAE (polyethylene micro-
plastics, PE-MPs) ¥ Z2]|AE}Ad u]A|Z2kAE|(polystyrene
microplastics, PS-MPs)-> U7t F-2] thi{A| 3 & Au]A| 3o
ABIAEH A FERITHE Ao| AFEgleH ) 2717} o 2}
2 A ESAE2 Al H-x S S nAETRA
go 7 frH 54549 At si=2go] TE Aol
ES /A A BAL fE 5 Qlrk® T3 PE-MPsE
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k2 2|2 PS-MPs (5 um)@} Cd (10 pg/1)E Al B ol &

FieE A 45 9 ASAEHAE FTsrlon ) 5ol(D.

labrax juveniles)ol| A1+ MPs (1~5 um)@} Hg (0.016 mg/L) =
& A] 71} oo A AlStA EFAE Aot o] 7
¥ PE-MPs®} Cd (2 mg/L)9] EteE2 AYA A& Y
Epel Wole) Alser Wt QUSIICh B Mpes) %
340 BgE O DR 3 23t 2O S PBRIE o
FL FHL A7 AFES FE3) 2 A, nHETA
g3} 5348 0|83 SURAIN] B0 ATE A

o A5G 2L BGRE ol 8% vASTHAYS FES B
R F34 2P

it vAlEERAE ARl $5= PE-MPs, PS-MPs 5l

AgjZoltt. 1 F f-2vet 3 AFolAE PE-MPs, ¢
HEZEF 2 2ogd t|NEeAE (polytetra—fluoroethylene
microplastics, PTFE-MPs), Z&]o| AH 2 t| X &2 E (polyes-
tere microplastics, PES-MPs)0] o] ®ALE|H F7tof A4]sk
¥ol, Bol, EF4 52 A AHolA PE-MPs?} PTFE-MPs7}
FARIICEY whEbA B e eyt 51 WA
Zeprg 99 3 shhel PE-MPsSE B3 Selo] Holum
2] ARG Hol eE51 Y= PbE HFL & S5H3iH: ICR
AJ519] SIh PE-MPsS} Pb| BHE 52 Bye) 289
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1L EISE L ER
AT e, WEy], WY 59 Ao o] 85 & ICR 4
FE AHESI3IT (F)FLoFE(Pyeongtaek, Korea)ollA] 758 4
g Yo, Y F oYzt 3} 7IRHS T S

o] H|T A E FAE Agste] FojEdo] wat ujF
o] tjX<(control), PE-MPs TEE+t, Pb BEE <, PE-
MPs+Pb B &0 2 7F 1 GUH 2 A5t AbSg
AL 2k 2243°C, ST 30~70%, E71315 10~20 31/
hr, ZHAIZF 124]7H08:00~20:00), &% 150~300 Lux, &
Yo} =% 20 ppm ©J3}, £ 60 dB °|5}9] 24 YA}t
A FABHH FEAES et Ty 54T
U2 A4S Eotelon, sEATEET Y
(IACUC-2021-068%)S Htol AA|=|]jc).
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A ETAE2 0.74~4.99 um Polyethylene Nanospheres
(Cat. No: PENS-098, Cos-pheric LLC, Santa Barbara, CA,
USA)E =& 0.995 g/lec 2257 HINETAEHS AHESHAL
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Tk PE-MPst= 718 3 WA 2951900, Pbo] L= Lead
(IT) acetate tr-ihydrate (Cat. No: 467863, Sigma Aldrich, St.
Louis, MO, USAYE AH83HITL, 1% 48 matsla. =
of H12 289 F2t 19 13] PE-MPsE U] Foi5+3.2H pb
= 28Y 5% 5855 AFSHA oItk PE-MPs= ot 5
o] YiL WRE7|E o]-&sto] FATAZ on] APATFE R
50 2 mg/mouse/dayE F{51%1 2, Pb= EHofA 10~20
ug/dLO] PbE BT 5 A& 0.1 mM BER THE 2845
AFeH st g Eo] xS RYARl BASF

58 A Fofskk

ZF 159 s ES Fo/lA Y} R o] AAAE(GF-
3000, A&D Company, Seoul, Korea)2 AF-85}0] A|HS =
gotpom, £ A ASolA FoZAYL ASS W SAZF
(weight gain)= 510 ZF AWAE A5 H3IEEZ EHRlstlth

4. EouEE 2

Isoflurane (HanaPhram, Seoul, Korea) 2 2 ZJu}#|st F
A%stol B Aol HHT WAO 2 AFUAR ]
(ADVIA 2120, Siemens, Germany)E ©|-8-5}o] ¥id L, gz
29 YT, BT el et e RAS 245

o

5. HIE THUMEZ(single cell suspension) HiY U
TRZT g#ysl

24 A @2 78 e 4719l wge Al B
& eto|=ZF 2k~ (Fisherbrand, Pittsburgh, PA, USA)E ©o]&
ofo] THUA|LS}5IITE o] F RBC lysis buffer (Invitrogen,
Carlsbad, CA, USA)E °l-&5to] HE+E &3A|7]1L, DPBS
=z &l HEF 55 A GNP 2 BIEA
X 24-well plate©] culture RPMI-1640 (cRPMI)Z} $H4] 0.5
x10° cells/well 2 BFSISIT}. cRPMIC] £4J O 2= RPMI-
1640 (Hyclone, Logan, UT, USA), 1 mM sodium pyruvate
(BioWhittaker, Lonza, MD, USA), 1% sodium bicarbonate,

Table 1. Body weight gains (g) of groups

50 mM 2-mercaptoethanol (Sigma-Aldrich), 10% heated in
activated fetal bovine serum (FBS, Hyclone), 1% Penicillin-
Streptomycin solution (Invitrogen, Carlsbad, CA, USA)S A}
&It} ©AshE WAL CD4™ T HEF &3 ¢
3] immobilized anti-CD3e mAb (5 ;,Lg/0.5><106 cells, puri-
fied NA/LE Hamster anti-mouse CD3e, BD Biosciences, San
Diego, CA, USA)E At-&sto] &/d35}s1 it

4°C, 10,000 rpmOilA] 15% B9t ¥4 Eelsto] A&
QI BAs17] A7kA] 20°Co| BEastgict

6. T AT Ui AjO[E71l 53

T YmT By u o ZAE AolEA £2S
Sandwich Enzyme-Linked Immuno Sorbent Assay BIf O 2
Aot ZF A1E &IsE7] 913t Tumor Necrosis Factor-
alpha (TNF-q), InterLeukin-6 (IL-6), Interferon-gamma
(IFN-y), & InterLuekin-4 (IL-4) kit= BD Biosciences A&
AF-85139EE 96-well Immulon 4 plate (Dynex, Chantilly, VA,
USA)l| non-specific binding= |3l 10% FBS-PBSZ block-
ing 3}, B{FH-S TNF-a= 1/3, IFN-y= 1/302 3]4
Skl IL-6 9 IL-4+%= 314 Qlo] £415}31th Epoch Microplate
Spectrophotometer (Bio-Tek, Santa Clara, CA, USA)S ©]-&5
o] 570 nm ¥ 450 nm IPFOA SFEE SATF & Gend
Data Analysis Software (Bio-Tek) S 53] A=FsAict.

7. 8H &4

APS ol €2 BE A 57 A2i= Student’s T test
£ &9l &iFo] 2 AlE e {4 A= Skl
E AN Hok+ HFQ A (standard error, SE)& LFEFHCTE
&L p-value<0.050014 AF5HLt

o

n.2

1. HI= st
PE-MPs®} PbQ] ThEL-EF 9 PE-MPs+Pb B =& 9]

Group
Day
Control PE-MPs Pb PE-MPs+Pb
Ist day (g) 36.02+0.81 36.05+0.68 36.59+0.53 36.85+0.65
Sacrificed day (g) 38.55+1.24 38.81+0.59 39.10+0.96 38.73+£0.50
Weight gain (g) 2.53+0.44 2.75+0.42 2.51+0.66 1.87+0.62

Body weight of groups were measured on the days of first and twenty eighth administration (Control: 0 mg/mouse/administration, Polyethylene
microplastic [PE-MPs]: 2 mg/mouse/administration, Pb: 0.1 mM in distilled water, PE-MPs+Pb: 2 mg/mouse/administration+0.1 mM in
distilled water) during 4 weeks. Number of animals were 6 for each group, respectively. Data are expressed as means+standard error.
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45 =& A59] A5 WstE ERlstqint. SR Rt
FoZRALREH B3 A7HA] 2.53+0.44 g9l S7H8 HEoh
PE-MPs =& 2.75£0.42 g, Pb FEeE 2 251+
0.66 g2 gujEo] 273} Z}o]7} gl oW, PE-MPs+Pb
THPeETZ 1.87£0.62 g 37IE SuiFo] Rt Bt
H| 5l 23% ZHAE FFol AR FAAR] Aol= flATH(Table

o] =% 9 PE-MPs+Pb2] B3] u}

st AAL Aol A WiEF = SuEo] R
oA 3.84+0.66x10°/uLE WEFHIL PE-MPs SE=& 7S
2.68+0.49x10°/uL& &HjFo] thR Htol =5 30% 2+
43tk Pb =S 2.94+0.57%x10°/uL, PE-MPs+Pb £
FeEF 296+0.60x10°/uLE F 15 BF oF 23% HAH
A2 gIg 4= Qi) Sl Z RN Fri b dELE
oA 12.8+0.20 g/dLE &rjFo] thx72] 13.8+0.40 g/dL
ot vlas) AR Z FolsA Lastot YR S22 &
mj o] 2T 2.36+0.37x10°/uLoll H|8| PE-MPs =2
= 1.91+0.41x10°/uL, Pb HE=ZET 2.03+0.29%10°/uL,
PE-MPs+Pb B3t & 1.92+0.45x10°/uLZ T4H FFS
Bl SAFEE gujEo] IR 4.98+0.80%S LFEFH O
2.1540.45%% LFEbdl PE-MPs+Pb B E 72 §j5o]
o223 v s 5A2 02 3251 A5t TH Table 2).

ek
12
ol
O
iy
g

oo

. HIZME T 232 Hf
24 2

H SAA| oA T HEFE B/}t HiFA o =i
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Table 2. Comparison of hematologic parameters

7} Pb FELEFA(TNF-o 301.3+4.5 pg/mL, IL-6: 172.2
+46.5 pg/mL)oIA I 7+ Aol AT SHAIRE TNF-o=
PE-MPs T2 olA] 333.5481.2 pg/mL, PE-MPs+Pb &
FleE oA 366.3£27.3 pg/mLE EujFo] tiRof H]
3 Z7Fele AFS Uehdon, 1L-69 3¢ PE-MPs TH=
7oA 122.8433.3 pg/mL, PE-MPs+Pb £330
A1 133.6%306.6 pg/mLE &1 o] t o] H]sf Aottt
(Fig. 1A, 1B).

IFN-y= B2 T HZ type 1 (Helper T lymphocyte type
L, T,DL & &35 [Frsto] Al QtojlA Hiolg|A F4] v
o] 5 A 93 TRE ] JOor [L-4&= HX T X type
2 (Helper T lymphocyte type 2, T, 2)2 £-3& ot &
A2t AF viZfel PHsts JT= A Stk IFN-y S8
3t Aol A grjEo] tiRTL 14,12042,965 pg/mLE B
Rom, PE-MPs TE-E -2 17,67045,443 pg/mL ¥ PE-
MPs+Pb B3t eE -2 24,39045,212 pg/mLE BHjFof tff
Z- gatol s 2+ 25%%F 73% 57 HAlth Pb T
&2 15,101£2,812 pg/mLe] $=Z0|ich IL-4 =42
ol A=, PE-MPs BEleE 2 158.1+£35.5 pg/mL ¥ PE-
MPs+Pb B3 & 72 236.2+50.3 pg/mLE SujFo] iz
T 309.0+110.05 pg/mLE #AEE AFS HYow, pb o+
E-EFo| A= 402.34110.1 pg/mLATHFig. 1C, 1D).

4. HHMIE ik LY IFN-y/IL-4 ratio 7}

IFN-y/IL-4 ratio= Tyl T T2 ¥H-g/30] oigt | HIF
A4S & 4 S dgA Ho|th, I 23} uFo] t22(69.4
+17.6)} |15} PE-MPs ©-E=Z+(108.9430.1)3 PE-
MPs+Pb E3H-£(115.6+£26.8) 0.2 ujEo] tj2FHT}
% IFN-y/IL-4 ratio7} THEE|QITh Pb 5 &2 68.6+
28.42 Gufj 233} vt HIAtH(Fig. 2).

N2z O
TTE=

Group
Indicator Units
Control PE-MPs Pb PE-MPs+Pb

WBC 103/p_L 3.84+0.66 2.68+0.49 2.94+0.57 2.96+0.60
HGB g/dL 13.84+0.40 13.5+0.20 12.8+0.20* 13.0+£0.40
LYM 10°/pL 2.36+0.37 1.91+0.41 2.03+0.29 1.92+0.45
MONO % 2.18+0.36 2.57+0.53 1.66+0.21 3.65+0.83
EOS % 4.98+0.80 5.37+0.88 3.95+0.54 2.15+0.45*

Hematologic parmeters of groups were measured on the sacrificed day (Control: 0 mg/mouse/administration, Polyethylene microplastic [PE-
MPs]: 2 mg/mouse/administration, Pb: 0.1 mM in distilled water, PE-MPs+Pb: 2 mg/mouse/administration+0.1 mM in distilled water). Number
of animals were 6 for each group, respectively. Data are expressed as meanststandard error. *p<0.05, compared to the Control and Pb or PE-

MPs+Pb.

WBC: white blood cells, HGB: bemoglobin, LYM: lymphocyte, MONO: monocyte, EOS: eosinophil.
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Fig. 1. Levels of cytokines produced in culture supernatant of ex vivo stimulated spleen. (Control: 0 mg/mouse/administration, Polyethylene
microplastic [PE-MPs]: 2 mg/mouse/administration, Pb: 0.1 mM in distilled water, PE-MPs+Pb: 2 mg/mouse/administration+0.1 mM in
distilled water). Number of animals were 6 for each group, respectively. Data are expressed as means+standard error.
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Fig. 2. The IFN-y/IL-4 ratio was calculated by dividing the amount
of IFN-y by the amount of IL-4 in the same supernatant (Control:
0 mg/mouse/administration, Polyethylene microplastic [PE-MPs]:
2 mg/mouse/administration, Pb: 0.1 mM in distilled water, PE-
MPs+Pb: 2 mg/mouse/administration+0.1 mM in distilled water).
Number of animals were 6 for each group, respectively. Data are
expressed as meanststandard error.
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2 T2 Al X IL-45 JH|oto] Btejgjor d 7350 22 &
A A9 HAA o digt RS E sh gR|e} e M4 ut
o]l iRt IL-62 T,,2 A2 BolE Rt whHo]
Tyl A BIIE Aet= Aoz FejA St Aaof
Hlo]H A (chikungunya virus)2 =8 $EH 2 C57BL/6]
up$-2A0] 1 pm PS-MPsE =& A A& o2 T,1 ¥H-g, A+
A E D TFTE ASAF o Pl 8YA oA EA
% 219 591 0.1 mM2] Pbol| =25 balb/c o1] AFF2} 500
ppm Pbo] A417|7F Bt LeEH Fisser 344 ofn] =] Zp&
o S WHAIA Tl BHAET T,2 BH-/o]l
THE 25t Zo 2 BUECER B oA

TES EO|T T2 AE
HAHIFAH S &

T

o] 9J8] EH]== TNF-¢.2} IFN-y2]
£ 59 BYEE -4 58 gaAR o
QI IFN-y/IL-4 ratio®]A{%=. PE-MPso]| 2]5f T,1 ¥-50] 3=
U= 2 gQlsto] o A-drtel dAsh= A= g2lstal
E]"SZ—M)

Tyl/Ty2v A= A5 oEH 0 & A-g5l7] dio] T,1/T,2
Ev3E "YEhgo| tEn Ay E3t th2A yeidth A4
T ] A5 utelof BIsh T,19] IL-29F IFN-y9] HHo]
AASHA Wokom T,29] IL-4, IL-62] $320] A55}o] T,,1/
T, 29 Eago] Hojlom,? Gt AL A= T, 2 Alo|&
7HR1 A5 Tyl 94 ¥ Hole 24t § w2 A&
o 3o & ALES BHEY B AT} oA PE-MPs THE
& 9 PE-MPs+Pb ERl=E9] A= pb =& A
%lo] PE-MPse]| wz} AFo]E7Ql Aiprt Q= A5 &elst
of 28%Y &<t AFE= Aol A PE-MPs@} Pb7} A0 =3
=92 o PbET} PE-MPso] 2J5t HY §i35} Hh-g-0] HA] Uoj
U= 2o ® #EH 99 22 2= A ESAH T F
59 EdrE A T S2 A, HA A B e
T2 BF&ETH= Tl SAIRES T ¥ Qe 454 APHEgd
g A7t H S8 AL ESE FUHATE BEl APt
HHAs THYE Ty17 MES}F T,17 A2 oa] EH]=l&=
IL-12, IL-17, IL-23 AFo|E7}919] H2w: = g3} Ao|t}
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