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fa/R% iR R IR TT AV RFTIH R

Latest Advances in Pharmacotherapies for
Alzheimer’s Disease

) 7§ -F / Xiping Liu

ConjuChem, Culver City, CA 90230, USA

ik 2

] /R 3% 4 BK % (Alzheimer’s disease, AD) & A F ey 12 A Z BT AR, LT FHERGY
FR B, Hls RAFAER I A FATHEGITICRER | INFn R T BRAT AT %, B HF R RAE 42,
R, R FF SR, AT 2 R R AL 69 AR R T 46 R, s R B AR £ B 6,38 B- I AR R G (AB)
RE . tau BOFHHRIL, AEKEAREAERRIEFT, R, BEAEBEITIREW AR LEH
BRI A, RS ELRRBIEAE, § 2021 FAk, FALSGREEEEE (FDA) S04kt E
I A4 3 4% (aducanumab) . £ 2 3% (lecanemab) F= % 23 3% (donanemab) =FF A B ¥e&) £ L[5 H04K,
A& A AD BT EXEN  “HRIRIEAIT & (disease-modifying therapies, DMTs)”  #riH4X., LsbRE ey, 4+
A tau B G 89E YT . IR AV ZARI BAYZ B A AR R e KK I P R R I RAFRT R
AXLEET AD $honig 7 RATit ik, MBI REIH 55867 R, I RRHEES. %
e85 T IRBARALE I7 69 KA B BAT T AT e 47

Tl FTREZGBIR; RMBEAIT ik RRERR; HHATR

ABSTRACT

Alzheimer’s disease (AD) is the most common chronic neurodegenerative disorder worldwide and
the leading cause of dementia. Its clinical features are characterized by progressive memory impairment,
cognitive decline, and behavioral disturbances, imposing a heavy burden on patients and society. In
recent years, advances in research have greatly expanded the understanding of its pathogenesis, with
core pathological processes including B-amyloid (AB) aggregation, tau protein hyperphosphorylation,
neuroinflammation, and mitochondrial dysfunction. However, conventional symptomatic treatments
provide only limited and short-term clinical benefits, failing to reverse or delay disease progression.
Since 2021, the U.S. Food and Drug Administration (FDA) has successively approved three Ap-
targeting monoclonal antibodies: aducanumab, lecanemab, and donanemab—marking the official entry
of AD therapy into a new era of disease-modifying therapies (DMTs). Meanwhile, emerging therapeutic
strategies targeting tau protein, immune modulation, neuroprotection, and neuroregeneration have also
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demonstrated promising prospects in ongoing clinical trials. This review summarizes the latest advances
in pharmacological treatments for AD, with a particular focus on its pathological mechanisms and novel
therapeutic strategies and provides a forward-looking analysis of future directions in precision medicine,
multi-target interventions, and personalized treatment.

Keywords: Alzheimer’s disease; Disease-modifying therapies; Monoclonal antibodies; Drug development

51w

B[ /R PR (Alzheimer’s disease, AD) J& 2 ER i i WWIGHIR ISR, 5 A 102 60-80%. HRIE
A T A4 40 (World Health Organization, WHO) 2023 4ERYSETT, 4Ek B Bt 5500 J16, it
F) 2050 4K E 15 AZLL LY BEE AN TTERALUERR AR, AD SRR A, M TR RAERGE
ST AN SR B A PE . H RTARREIR T 25 ) 3 AL R ARG R B d ) (2 ZRURSE donepezil . 2%
fii 5 galantamine . #) MLITAYBA rivastigmine ) Al N- 3 - D - KRACER (N-methyl-D-aspartate, NMDA) 2
IRFEHURISE 4 W (memantine), X LE2GY) AT 7E— i B2 BE L0 (8B AR TR, (H DG T B ok mit
AR AR AT TR AR ORI 20 X — R BRME BT 2k AR RV E I RIS R AR B LN, AD
BT R —EBAE .

BEE 73R . MR AR HERR 222D, AR AD A ORBRBLIT 3 i — 2 iR .
FEY, B-EMHEN (AP) MWLV SHPIEA. tau & 11 55 H RIS ERIMALT E s | 18k
P2 JRAE SN LA S SRR DI RERERT , JEOKSN AD & AE Sk A SCHEIRTY 0 FEULIERt 1, DAE R T i
FREGEE I 0 HFRIG “PmiBHirik” (disease-modifying therapies, DMTs) & #2458, H H AL T
WEEEAR, TR TR B M A 2 M R, AR B i F AR R o 2021 4F LK, EEE
2y LR (FDA) CARAREHEZ RN AR B0 R se iR, AHERTAL R UAHT (aducanumab) . &-R43
BT (lecanemab) FIZ %% BAHT (donanemab)™ ', 3X $0 58 il M JE AN 8 E AR BTITAIT A B, BAESF
RIFFES AR TR Tz, O BUBEFRT SR ANE . bt AR as DL I ARG A
FERFE R " SRR, DL tau B . B SRAE I IR 28 Ml DI REAS 52 R HE AR BT Y IR IE R E A
IGARIRGS:, i AD Z5WTF & IEN “PA—Rg BRAS " ) “ZHLH . KiEfk” BOBphE: >,

AD J PILPLB) PTG . AR sE 3 5Lk g
IR S BRI (AD) B SRR G280 T th 3 — B S B S A, B0 oL S

T B - TEMFEE T (AB) e, DA AB i BETBUR SRS 2B T M BRI AL O BT 0 SR, a2
TARAER I R S SR SR ], AD WK A S IR IR T R T e B, T 2 B
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FAHEAE IR B E 244 > X — IR GR TISCET, o 288G T 4 25
T H A

TEAPR L J5T, AFFEAE S E MMEGE I BE TR ] T PESE SRR M M 20 . ORI R
FERR AP LLBES R B, T I E R AT S . ARG SE (LTP), J5 R bR T e ke it
SERRAASAE T, BeAh, AR SARTTACIIE VARG, FAR A0 M ARG DX i S TORR AT I LT AR
BERE A, HE— PO RN o X AR HES)) T 25 R DB R B 1) B ) SE SRV
HIRET,

Tau & FURHUEBT /R R 75— 0L . IERIEOL T, tau 85 I RS E O R 4Rl 5815 i
PR YH A SR R LIS, S IS A B DTSRI U 28 S 2T 4 9545 (neurofibrillary
tangles, NFTs), MIMBIR#ZITHIZEFRITIGE > 5 AP JRELALL, tau 25 5% S IA DI RE IR (9 AH
KM Y, B2 A R AR IR I R BT 2 RO CHE I, tau R RSO
X (prion-like) (1985 5 il AL HEREIE, 48R HAETRIL G A 5 R B rh il e R SR SR 220 seAg 2=t oe itk
— RS, tau SR FE AT S EER AR L X 2% (default mode network, DMN) Az B — Rif &5 -2 1 8 [R] 261 T 5%
SN BERG ) A A PRI T e 3t 2 (AR, D4R 2T R TP R RDL tau 1
SEREPUAR SN FINHI I S, XAUMIR T X taw S AR A BRAE, o FF R EEXT tau OB IEE
Sr Rt TR AT REME

MARAE CBETHIN N2 B F PRI (AD) IR “ORE” o B P, TEemy/h
BT RE IR R B- TEMIFEER I (AB), KHE—EMPh AR ER; SR, BEENREIEE, /NI B40i
ARSI IS 2 P ECRYERF (W IL-1 8 . TNF-« ) Al H H LR R, G| & M oI f i
FHGELGTUH AL AP I — A UESE, TREM2, CD33 4555 /N o 20 it D e AR G A JE DR 28 A8 ] Jig 238
I AD 8P, $R e K Sl B AP & A T B OGEEPERT 2 S lmIee, BRI T4 M A A 2R
TS T D RERRAS, LA B /D5 B I A0 M £ QI S, ] REAEAS IR B BN S 281 R A TR >
RIEN S AP TUARAN tau 59 ZAAHEAER], JERBCEMEIEES, A MIHES B M 28420 e It A
heE iR *, [EAFE RS, L TREM2 #sh . CSFIR IR LA KPR/ N T AR HT4 i
PR ARNE , CAE L PRI R D G i 22 SRE 5 R S SR 9T T, 3K O SAE R R T SR
TR, WAERARIAYT AT e e S s AR N A LR T TAELE

5 Sl BE PR AT B A A A BT IR AR BRA (AD) By U EIbR R 2 —, HEZR AR T M &oc X
JMiH I, KEMTER, vt B- TR A (AB) ERIKRER S N- I - D - RAE R (N-methyl-
D-aspartate, NMDA) SZ/KF o - 5k - 3 - AL - 5 - L - 4 - FREMRNTR (a-amino-3-hydroxy-5-methyl-4-
isoxazole propionic acid, AMPA) SZ{KZ5 G, TIMA ARG 515, SRS BEMEZH, IFHEKERE
#4534 (long-term potentiation, LTP) A#EST, MM 51 &4 EREM:, BARRIR 527 2 OO H G P 2238
#2, HUCREIE, RGRAE R DI RE NIRRT RER I CIEIRGL A AL S RN, B MG R ORI
TR 28 P TR, T HE— B HIS N EIN TRE ) 2 S OGRS b E) il 2o i 2
FTAREIR - v - BHT TR (GABA) Z BRI SIS i, (EATZ ml Al THesiid B 4ar iR, Rl RS Ik
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WAL S S AR, Wl BUNIIRER I Zh SATE . T4k, PR gss G AR sy
WHFEHE—APIESE, AD A PRS0 P R AT OS2 T A R J2 W 28 B e i BE iy o I —BRGANBUER
TRANEAL, EATRESGIRAEIE AR FI tau HYSEH TR, JERCEIENEER . S0 5 il DhRERLATHY T FilIE
WO BB S IAL, fan, GEdEER GABA BERGERIMBIVERR AL | Y SRR ARG, S
FAR 2P EORIK ST A RRAS , S7E I PR AT RO S BB — 2 TS PR X SE R BRI
FEfMPRA S 2 A RRAS AT, SOREAE AT HE TR Hh o A% o £

FEZE il S W WOA RGN B e AU IRIEE, AR i A PR 38 D00 Ay s e Ay o s 5 TSR 4 it
TORHESRE Iy WATIRZF RIS R, WEPR . MCEAN S AR — Ao B AD KUK '
B ZARPTALHI S 1 5 Ml 55 R PRI PR =, IR 220X BE R LS AR E SN %3 5 1t ik
it s T R B AU Ry 0 R 431 AP AR ERAGE T, TIN50 20 kRIS, Ji i s
RGP R ] HE— 25175 K e AR -5 U, Mgl B A TIPS R a2, X SefRig Al
M S AL B A 22T I RE , i85 R RE B fE ML AN RN R B DI 5S4, N e SRk R T
RERRAG A A AR 4R AL T B 5

EARERBR, BTt oede s flom o 3 AU AT BER BT 2 e B S A O fid A2 TR 0 2025 4F- 8 H 6
HAET (HR) (Nature) B9—IHF R, HARSZEAELR Nl 2 5 n g, #meE R
RAFATRERONATIIARIT UIA R 0 AR RELS S AR S SR 2 AR 2 L WL AR DL, A 2240
SRR W SRR TR A R

g b, BTORSRE BRA A BERIL A 2y R

4 R — (5 5 T S 238 B A8 4 ik 4 2w AR
(12— {15 D38 T 1 Sy 223 e 52 2 1 42 R ([ FEI1. /R S BRI 0 B L

1) AB. tau. WHZEJHE | SEMLIRERER . FUI -

WS . R PAA 1L B B S — o i avanns | Sxoe %’g anmm
ik e 2 TR AR AR, SR RIBRE B e oun
Btk i, BEERIHRBIRA, LI @&
AW, X — AR OUE R T 50 1 5 1 ek ) e
IR, UARTR AT AT R = —
I WL & SR T35, [, A % 3&_

P Y S 5 A 5 B 1 9 245 0 e .
T A A TR 4 A S AR I [ emeran ]

AD [MIRIF 5 WOAR 38 S5 BILE 1
IR SRS (AD) ZGIRER TR, BTAT RSB RS B EMEIE” 9F

R R RIILK, 36I7 IR0 HARSE TRAE T 100 ARG S50 (22 2R0R5T . N == Al i A
JUSRIRT ) G ] L BERERR A, B e S M AL K-, E—E R B G INRIIRE S H A6 fE
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J377% 0 N - HEE - D - RAE M (N-methyl-D-aspartate, NMDA) A2 {445 57771 35 45 W )38 51 93 55 4 Rt
JEVRAL B A e, e R R RN ST EGEER Y. SR, IR T AL REAR
BN RETE R M, A RE A% T TSR S BAZ O BRI TS, PR TEvA B L A T RE 4P F . o
SRR, CRW I ELL B AD 1Y H SRR .

HEA 21 A28 A4, AR EEALEIFIE R L, W98 & OGS A G m B 18 1R
(disease-modifying therapy, DMT), HAZ.CIERAEMFE T, B B - @M (AB) DUFAN tau 251
S M ARB | BTSS0I T PSR S B R T AR, TSR AT RE T R
MR 0 DL AP BN FERY, — R SATTREDTIRZG Y AR IE AR L AT . BTAL R LUAHT (Aducanumab)
TIBEREMEZE G AR SERIRFNZE4E, BOIE /M TR AN A F: A S e i bR pLA] * o R T WG R g6 45 SR A7
AL, ARSI 40 % WA k%, {2 FDA 15T 2021 458 i inss o AL et H B, ik
REAYLAB ) DMT ¥,

BfifG, ©RZ384T (Lecanemab) 7E 2022 4F Clarity AD 856 FPiiESE ] SFEZE AT R 27%, JET 2023
ARSI T 5 2243541 (Donanemab) M7E 2024 4F TRAILBLAZER-ALZ 2 5% i 5 ] 4E 25 L) b 3
INHIFER 2 35%, FEAEFRAMRBIRE AR Ffmiial iEH /KF ¥, XA IGIE TR0 AR 7R
IR B, WA RAR T T2t R RO

TN, PR 25 SO E eS8k, 2025 4E 8 H 7 HERRT (Bl#)
(Science) HY—IAF 5T B T —Fh e T HE 48K 8 1 32 1K (transferrin receptor, TfR) /- FHIPL B - WM FEE
F (AB) PRSI i 5# 5 (blood-brain barrier, BBB) ik il , B 35425 T KN 29 msicsg, I+
AR T 581097 M R 1224 55 % (amyloid-related imaging abnormalities, ARIA) A i IfiL & 4 4
R X — AL AL T PR FE YU I 2 Ve 5 0T bk, o AR ORI & T 2 e 5 BBB 194
YRR T e,

SUEEIS, EEX tau 2SRRI ZE S0 1 BRI A PO . BT tau BATEREHTIA (40w 5
4, Semorinemab), TREM2 #sh5| LA CSFIR #7142 #E ARG RIS, W H iE S8 BAL 1%
FIEAT S REORBE (M 7 Y7, ZEACIHAR R, GLP-1 AR Eh7) (4w 5484 Ik, Semaglutide) LI
S BB 5 RAE NG R AT AT T e L s M 2 O SHT RN, AR REIEN 5 AD Z[A] A FRIEK R 42
B 2RO

KR IR R FIRE R B B #k . — S &K (Dihydromyricetin, DHM), — i FH 4%
PIRIRBEEAL Y, FEHPA . TR GABA ZIKJHEIER . #£ AD gk, DHM B &35
H AR E TN, FARE IR AR S il mT 88 1 HAE AL B B35 FR H B
SR TE R REYE, IR TR GABA RERGERUIMHIPEIRTY, MK M IR BRI Ay — I, M
TP S FCAZINRE 2, X —HRrEiEs, W15 GABA REMIZL 1 nT BE R Ak AD Wi T 1) T2
Jilal,

AN, s RGERETIEZ BBk B A0 . IR RIIMITE LB, SR e g, JoHE AR
AU (natural killer cells, NKcells), 7E AD A5 Wi l-5 RAEW 15 b A B EER . I6IRIVTR Wos
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AD (SN I NK M BTG AR K A O, AT RERZ IR AB I tau MOTEBRACE, tn]
RES SNZRAEMIOR I RE > WT3E A S e o e it . 0 DX 80 s 8 M e e A L P A A e
NK 4HiIDIRE, BUMAK AD Sy Pk s 25 ),

SRTTE , AD Z9WIEA B 5EN “RIIIRENGE” B “KROEEMEIE” MM (K2) o X
EVAY T AT I RAE B Y o 2 S04, R E R R R ) i T U I EAE AWM B, AR K e

PR HUINGE R 2 FDA S F T 177 B R S AE R 25
‘—ﬁ “gﬁlﬂ,ﬁﬁ}lﬁlﬁfﬁﬁ" E"Jfﬂ'{ﬁ, XHEAST (Symptomatic Therapy)

IR LR . AR SRR \% |

E AR 2 IRYT . TR \

0

R RS
i, AD 25¥ih &89~ —1Br

AR ()
B IS AT ]

N_O} {’,80« viiﬂg?”
1

PR AU T R EAIL ] 3
WFFERIIGAERE , WIS E R TE 201@ oL L | *
2 2 PR A P 2R A T M g 4 i = .00 |
B4R 7 EREEAT (OMD)

AD ARG . I\ 2R ey

R 2€ [ BUR I AR IR I8 FE I 4 (Clinical Trials.gov) FIEGHI4E 1T, #RE 2024 48, 2Bk FEIN
A 14 R T 34 0 IR K 11 Fh I IFERZSY), Ao T RO VR FHALHI S0 uE 206 R T
RO B 52 T b 45 0 Horp R o e sk 25 WA BEAE 2028 4E 1 SE M IRIG I FARt rly, Mk
— S RIPIRE LRI . X —HREY, AD YL IEZHE A ke 5 “#
fensie” R EL

ARARTT T AN RISk RS SR TSI R Y], AD %
DR EFSE B - JEMFEER VIR . tau 85 5 5 BEIR 1k DL S 28 AR AT S5 7 388 5 A I PRAER ) BTG 1
EE BT She BRI, ZEBERSAI R TH B B S s sl A SRS v, A R 1) O
AEE, FET MK p-tau2l7 LAK A B 42/40 LA AR IAE K I i ASBT UG kg, HAUsE SR 5 0
Wi PET SURRZ MK, SILEIR, AB-PET 5 tau-PET &5 8% 735 AR TE AL F 1N FH o i B ot
o B A PR T I AL 5 S A M I RO . 1E— 285 & 28R 5 N T BRI AL g i A 1)
B TRIARZR , A A RIS WA o3 2 T A 1 IR SR S

SR, AD R BRI 250 AT 2, AN P — BIL IR 25 0 A A e LA B S8 BT 7 288, ARk 22301 1T
SO A0 1) 2R I B e T axX — R BT, (Rl 2 PR ik i . 20 B 100 0T B AR LT
SNEEAR . BN, P AR PUAETRES tau $EAYT KBTIV F 25 T, AT REFEI/ DT R B |
TV b LT L GRS T R AT 28 9 5 T SS B RISONE o S5 eIRIe, BEBRIAYT . AR LR R SR
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PR RGN I AEAR R Z )], XSRS SRS AT S 2 Fp Ay VR, AN 2 35 1 22
FLZ R AR
FEX—TF 5 T, RfEBEYT RS I 7E Ry . Rl 3L DI 2 20 5 R e A ik, s PR
A R B F R Z s 22 5 . i, mmEs4£ﬂn%m%I%ﬁw%$aﬁﬁE%%
BRI, AR ETR YT A T WU N 2 LR Bk . Ak, TREM2. BINI 48 54 R
BETACEAR DGR BRI 5, IEBHT O AR B3 3 2 SR R i 2 B%E%%%DMTH
RAFERBRT im0 R A R R R 5T A, DS ME T T
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ABSTRACT

Alzheimer’s disease (AD) remains a therapeutic challenge, with limited success due to gaps in
understanding its progression and inadequate preclinical models. Social isolation (SI), a well-documented
risk factor that increases AD likelihood by 50%, has been underexplored as a primary driver of disease
pathogenesis. The impacts of social distancing and loneliness on human life encompass a range of
interconnected mechanisms. Social isolation and loneliness can lead to adverse effects on mental health,
including increased levels of stress, anxiety, and depression, along with cognitive decline and difficulties
in emotional regulation. These factors, in turn, can contribute to behavioral changes, such as disrupted
sleep patterns and decreased physical activity, further impacting physical health. Additionally, social
distancing and loneliness can strain social skills and relationships, leading to a diminished quality of life
characterized by reduced social connections and overall well-being. Addressing these impacts requires
holistic approaches that prioritize mental health support, foster social connections, and promote healthy
lifestyle behaviors to mitigate the negative consequences of social isolation and loneliness.

INTRODUCTION

Alzheimer’s disease (AD), the most common form of dementia, is characterized by progressive cognitive
impairment, memory loss, and neurodegeneration. Despite decades of research, effective treatments remain
elusive. Traditional models focused on amyloid-f and tau pathology have failed to yield substantial clinical
success. Emerging evidence highlights social isolation (SI) and loneliness as major modifiable risk factors for
AD, yet they remain poorly addressed in research and therapeutic design.

SOCIAL ISOLATION: A POTENT AND UNDERESTIMATED RISK FACTOR
The National Academies of Sciences, Engineering, and Medicine report that social isolation increases

the risk of dementia by approximately 50%'. Loneliness has also been linked to increased stress, depression,
anxiety, and systemic inflammation, all of which are implicated in AD pathogenesis *°. SI is particularly
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relevant in the context of the COVID-19 pandemic, during which rates of isolation sharply increased,
exacerbating mental and cognitive health outcomes globally.

MECHANISTIC LINKS BETWEEN
SOCIAL ISOLATION AND AD

» Stress and Neuroinflammation: SI induces
chronic stress responses via the HPA axis,
resulting in elevated cortisol, hippocampal
atrophy, and neuroinflammation.

* Emotional Dysregulation: Reduced social
contact impairs emotional regulation, which
correlates with poor cognitive outcomes.

* Astrocyte and Microglia Dysfunction:
Recent findings show SI leads to astrocyte

overactivation,

atrophy and microglial

disrupting the tripartite synapse and
impairing GABAergic transmission .
* Synaptic Plasticity and Gephyrin Loss:
SI reduces gephyrin, a scaffolding protein
essential for inhibitory synapse integrity,
contributing to impaired cognition.
Figure 1 shows a schematic summary of social
isolation-induced changes in synaptic, glial, and
behavioral domains leading to cognitive decline and

AD.

ANIMAL MODELS REFLECTING
HUMAN SI CONDITIONS

Our laboratory developed a minimally invasive
SI mouse model using C57BL/6 mice. The model
mimics human SI without genetic modification and
demonstrates progressive anxiety-like behavior,
aggression, cognitive deficits, astrocyte shrinkage,
increased phosphorylated tau (pTau), and reduced
gephyrin levels *. This model parallels the pathology
of AD transgenic models.

Figure 2: Comparative histological and
behavioral data from Sl-exposed mice showing
impairment  and

cognitive altered

morphology.

astrocyte
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Figure 1. Social isolation and its multifaceted impacts
on health and cognition.
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HUMAN EVIDENCE AND EPIDEMIOLOGICAL CORRELATES

Loneliness correlates with higher incidence of mild cognitive impairment and AD ©.

COVID-19 era data show even 10 days of isolation may trigger psychiatric symptoms persisting for
years °.

Imaging studies report cortical thinning and hippocampal volume loss in individuals with chronic
loneliness ’.

PROPOSED INTERVENTIONS AND @ Social
PREVENTIVE MEASURES \.\ Isolation
J B len
 Virtual and Community-Based Social Engagement: Ml Support
Online platforms and community centers can AD o2e Social
provide accessible interaction opportunities. Pathogenesis /™| AU Connecis
* Mental Health Services: Access to cognitive 4. Healtny
behavioral therapy (CBT) and telehealth support. S Lifestyle
» Lifestyle Interventions: Encouraging physical Mental - | | Cognitive | [ Physical

activity, healthy diet, and sleep hygiene can buffer
SI effects. ‘ ’ ‘ @ [\ﬁo

Policy-Level Actions: Healthcare systems and

urban planning must consider loneliness reduction Figure 3. Proposed model integrating SI-induced
as a health priority. pathophysiology and multimodal interventions
for AD prevention.

CONCLUSION

Social isolation is not merely a psychological issue but a pathophysiological driver of cognitive decline

and AD. A paradigm shift is needed in AD research and prevention strategies to incorporate SI as a central risk

factor. With better models and public health initiatives, it is possible to mitigate the effects of social isolation

and improve cognitive aging outcomes.
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ABSTRACT

The meridian systems are believed to be physical pathways that deal with physiological regulation
and pathological changes of the human body in traditional Chinese medicine (TCM) but the biomolecule
mechanisms of meridians and interactions betweneen somatic meridians and internal viscera/organs are
unexplored. The new coronavirus (COVID-19) enters human tissues and organs by binding to human
angiotensin-converting enzyme 2 (ACE-2) protein, causing damage to the lungs and vascular system.
ACE?2 is the main entry receptor for the new coronavirus, and drugs that close ACE2 channels in lung
and intestinal organoids can prevent viral infection. Based on TCM, meridians are the pathways for
the transmission of pathogenic factors, and defending the body while ACE2 is the main entry receptor
for the new coronavirus from the outside into the lungs through the nose, throat, and trachea. Another
important physiological function of the lungs in TCM is to regulate water channels, and the renin-
angiotensin system plays a very important role in regulating water metabolism. Angiotensin I needs to
form active angiotensin II under the action of converting enzyme (ACE) of pulmonary angiogenesis,
resulting in vasoconstriction, water and sodium retention, and inflammatory response. ACE2 and ACE
have opposite effects. The new coronavirus binds to the ACE-2 receptor to downregulate the ACE-
2 receptor, which causes an increase in angiotensin Il activity, subsequently, resulting in hypertension,

Corresponding author: Sheng-Xing Ma, Ph.D., Professor, Lundquist Institute for Biomedical Innovation at
Harbor-UCLA Medical Center, 1124 W. Carson Street, E6-room 219, Torrance, CA 90502. Tel: (310) 974-
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thrombosis, arrhythmia, and inflammatory reactions. The new coronavirus binds to the ACE-2 receptor
and enters vascular endothelial cells, affecting the production of nitric oxide (NO) and causing damage to
the vascular system. Endogenous NO deficiency and endothelial dysfunction contribute to the infection
and development of the new coronavirus. The pathophysiology and anatomy of COVID-19 pneumonia
reveal that ACE and ACE2 are the pathways through which the pathogenic factors of COVID-19 are
transmitted, and have the function of regulating water metabolism, and highly expressed in pulmonary
vascular and all vascular endothelial cells with nitric oxide over the body as the Lung viscera leading all
blood vessels in the body. These characteristics should be attributed to further study that ACE and ACE2
are the biomolecules of the lung meridian in TCM and participate in the organ functions of lung.

Keywords: Angiotensin-converting enzyme; COVID-19; nitric oxide; regulating water metabolism; lung
viscera in traditional Chinese medicine; meridian substances

INTRODUCTION

The meridian systems, as described by traditional Chinese medicine (TCM), play important roles in the
connection from the surface of the body to the internal viscera/organs and communication with the universe,
environment, and our body as a whole, which contribute to transmission of pathogens, and defending the
body by resisting external evils and invasion (Wang et al., 2010; Zhu and Hao, 1989). The theory of viscera-
organs in TCM includes the physiological functions of human viscera and meridian systems, their external
appearance and relationships with physiological regulation each other and with the external environment and
pathological changes since meridians circulate “meridian qi,” evoking dynamic processes such as energy
exchange, moisten and nourish viscera, organs, and tissues. However, the pathway structures, biomolecules,
and functions of the meridians based on biomedical sciences are still unknown (Wang et al., 2010; Zhu and
Hao, 1989; Chan 1984)). One of the 125 major exploration and discovery questions is that “Is there a scientific
basis to the meridian system in traditional Chinese medicine?” as the international frontier, global common
needs and gathering foresight released in 2021 by Shanghai Jiao Tong University and Science magazine
(Levine 2021). Over the last few decades, there are various studies from different international groups have
demonstrated some of the specificity for the acupoints and/or median lines in the body and generally accepted
several meridian phenomena with commonly observed and internationally identified as: 1) the characteristics
of low electrical resistance and high electric conductance of acupoints/meridians; 2) the propagated sensation
(numbness, pressure, heaviness, warmth, and/or radiating paranesthesia from the subjects) along meridian
pathways (PSCP) induced by local stimulations of distal acupoints in the same meridian; and 3) radioactive
or fluorescent tracers along a linear path resembling acupoints and meridians (Ma 2021, 2024a, 2024b). A
review article summarized that L-arginine-derived NO synthesis and noradrenergic transmission modify skin
electric conductance, which contributes to low resistance characteristics of acupoints and meridians (one of the
meridian phenomena) (Ma 2021). For the scientific explaining PSCP phenomena, a recent review demonstrated
that the stimuli-evoked axon reflex and NOergic biomolecules/neuropeptides over acupoints one after another
along the median lines, which increases local blood flow and somatosensory signal transduction for PSCP
perceptions in the skin and subcutaneous tissue under a linear path resembling acupoints and meridians through
the gracile nucleus-thalamic-cortex pathways (Ma 2024a). The evidence and understanding of the biomolecular
processes of the tracers along a linear pathways resembling meridians have been explained that NO-cGMP and
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neuropeptides mediating stimuli-evoked axon reflexes increase local blood flow with higher levels in acupoints/
meridians which move radioactive substances or tracer dyes in the skin and subcutaneous tissue contributing
to tracers along linear pathways resembling meridians in another review (Ma 2024b). However, the most
logical and direct approach to identify a specialized anatomic entity and biomolecules of the connection and
interrelationship between somatic meridian and viscera/organ are still lack (Levine 2021; Ma 2021, 2024a,
2024b).

Based on TCM, acupuncture points (acupoints) are located along the 12 main somatic meridian
pathways, and each somatic meridian connects its specific internal organ (viscera), and superficial organs and
tissues (Wang et al., 2010; Zhu and Hao, 1989). The system can be viewed as a complex dynamic system
and somatic-organ interaction for physiological regulation and pathological changes. The research on TCM
has failed to achieve a major breakthrough because the fundamental concept such as the physiological
functions of the viscera and the meridian system can be viewed as a complex holistic dynamic system and
interaction/connection between somatic meridian and viscera/organ. The new coronavirus (COVID-19) has
been tormenting the human world for the past three years. During these days of fighting against viruses, people
have gradually discovered that COVID-19 is not a simple “pneumonia” (Del and Malani, 2020; Ahn et al.,
2020). The increased interest in the pathways for the invasion and transmission of COVID-19 and the disease
influence on specific physiological regulation and pathological changes (Wu et al., 2020; Wadman et al., 2020;
Hoffmann et al., 2020), which has led to an open-minded attitude towards understanding the molecular essence
of Lung meridian and lung organ in TCM. It is fundamental important to establish the valid aspects of scientific
basis and mechanisms of the somatic-internal organ interaction. The evidence and understanding of the
pathophysiology and anatomy of COVID-19 pneumonia researches have been summarized with an emphasis
on the developments of the pathways for the invasion and transmission of this new coronavirus through Lung
meridians and the physiological regulation of metabolic balance of water fluid and the influence on vascular
endothelial cells over the body during the disease processes for lung organ of TCM in this review.

ACE2 IS THE MAIN ENTRY RECEPTOR FOR THE INVASION AND TRANSMISSION
OF COVID-19 PNEUMONIA REFLECTING THAT ACE2 IS THE LUNG MERIDIAN
SUBSTANCE, AS MERIDIAN IS THE PATHWAY FOR THE INVASION AND
TRANSMISSION OF PATHOGENS IN TCM

According to TCM, there are 12 main somatic meridian pathways, and each somatic meridian connects
its specific internal viscera, which regulate the physiological functions and reflect the pathological changes of
internal organs (Wang et al., 2010; Zhu and Hao, 1989). Meridians can circulate qi, blood, yin and yang, and
play a role in resisting external evils and protecting the body. In pathological conditions, meridians are also the
pathways for the transmission of pathogenic factors. When the body surface is invaded by pathogenic factors,
the meridians can pass from the surface to the inside, from superficial to deep, and gradually inward, affecting
the internal organs, or from one internal organ to another organ. The main physiological functions of the Lung
viscera described in TCM are: dominating qi of respiration and the whole body, dominating descending and
regulating water passage, dominating dispersing, skin and hair, and opening into the nose. However, modern
biological studies have failed to define evidence and pathways of lung in the circulation and excretion of water
and transmission of pathogenic factors as well as the close physiological relationships between lung, nose, skin
and hair. In a pathological state, the meridian is also the channel for transmission of pathogenic factors (Wang
et al., 2010; Zhu and Hao, 1989). When the body surface is invaded by pathogenic factors, it can pass through
the meridians from the surface to the interior, from the shallower to the deeper, and gradually spread to the
internal organs, or spread to the viscera as well as from one viscera into another organ. For example, wind-cold
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external pathogens invade the surface of the skin, and at the beginning, fever, aversion to cold, head and body
pain occur due to the combination of the lung and skin-fur. If the external pathogens are incomprehensible,
the pathogens can spread to the lungs internally, and symptoms such as cough, chest pain, and dyspnea
appear.] The most common symptoms of acute COVID-19 infection are fever, chills, shortness of breath,
myalgia, headache, anosmia, dysgeusia, cough, and infections in trachea and lung, which belong to the disease
in viscera lung and Lung meridian in TCM (Wu et al., 2020; Wadman et al., 2020; Hoffmann et al., 2020).
The high contagiousness of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) cause person-to-
person transmission directly through respiratory droplets during sneezing or coughing or indirectly through
contaminated surfaces (Wadman et al., 2020)

The novel coronavirus binds to human angiotensin-converting enzyme 2 (ACE-2) protein enters human
tissues, organs and vascular endothelial cells, causing damage to the lungs and vascular system (Hoffmann
et al., 2020). Experimental evidence showed that the new coronavirus mainly achieves infection through the
combination of its surface spike protein and the ACE2 receptor on human cells (Hoffmann et al., 2020; Kuba et
al., 2005). The spike protein is the protein that the new coronavirus uses to recognize host cells and is also the
main target of the human immune system. Clinical and experimental studies have demonstrated that ACE2 is
constitutively expressed and released from the apical cell surface of human airway epithelia into airway surface
liquid while the airway and lung are the main targets of the new coronavirus (Hoffmann et al., 2020; Kuba et
al., 2005; Jia et al., 2009). Downregulation of ACE2 protein expression has been shown in an in vitro system
(cell lines) and also in vivo in lung cells of mice, which suggest that ACE2 pathway may produce protective
effects following infection (Jia et al., 2009; Imai et al., 2005). Based on TCM, The meridians through which
diseases and pathogens invade and transmit changes, and play a role in resisting external evils and defending
the body. Under pathological conditions, meridians are also responsible for the transmission of pathogenic
factors. When the body surface is invaded by pathogenic factors, it can pass through the meridians from the
surface to the inside, from shallow to deep, and gradually spread to the inside to affect the internal organs, or
from one internal organ to another internal organ (Wang et al., 2010; Zhu and Hao, 1989). For example, wind
and cold external evils invade the muscles. Externally, fever, chills, head and body pain, etc. are initially seen.
Over time, the external evils will spread internally to the lungs, causing symptoms such as cough, chest pain,
and dyspnea.

Because the epithelium of the nasal cavity, throat, trachea, and alveoli is rich in containing ACE-2
receptors (Jia et al., 2009; Imai et al., 2005; Gheblawi et al., 2020), the virus enters human tissues and organs
through the nasal cavity, throat, trachea, and alveoli cause inflammation of the respiratory tract and lungs.
It appears that ACE2 is the main entry receptor for the new coronavirus to enter the lungs from the outside,
through the nose, throat, and trachea, which should belong to the Lung meridian substances since meridian
is the pathway for the invasion and transmission of pathogens described in TCM (Wang et al., 2010; Zhu and
Hao, 1989). In addition, drugs that close ACE2 channels in lung organoids and intestinal organoids can prevent
the progression of viral infection, revealing the meridian-dependent properties of ACE-2 (Jia et al., 2009;
Imai et al., 2005; Gheblawi et al., 2020). ACE2 pathway also produce protective effects by downregulation of
ACE2 protein expression following infection. These evidences further support that ACE2 is the Lung meridian
substance for the invasion of the new coronavirus and transmission of the pathogens during COVID-19
infection.

ACE AND ACE2 ARE REGULATORS OF THE RENIN-ANGIOTENSIN SYSTEM
DEMONSTRATING THAT THEY ARE THE LUNG MERIDIAN SUBSTANCES AS
LUNG VISCERA IN TCM REGULATES THE METABOLISM OF WATER FLUID
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One of the important physiological functions of Lung organ in TCM is the water channel, that is, the lungs
have the effects of regulating, promoting and maintaining the metabolic balance of water fluid. For a long time,
the scientific community has been unable to use modern physiological knowledge to explain the theory of
Lung viscera in TCM with metabolism of water fluid. Although respiratory function to be genuine evidence as
similar functional existence between Lung viscera in TCM and modern biomedical sciences, there is a gap for
understanding the physiological functions of Lung viscera in TCM in regulating, promoting and maintaining
the metabolic balance of water fluid. The chemicals, anatomy, and mechanisms of the Lung viscera in TCM for
metabolism of water fluid are unknown (Wang et al., 2010, Ma 2021, 2024a, 2024b).

In the last few decades, the discoveries of new peptides and volume-sodium physiology have increased
our understanding the complexity of the renin-angiotensin system (RAS), which comprises three significant
components: renin, angiotensin II, and aldosterone as a complex hormonal pathway that is a critical regulator
of blood volume, electrolyte balance, and systemic vascular resistance (Gheblawi etal., 2020; Kanugula ez al.,
2023). These new peptides form a counter-regulatory pathway of the RAS, and cross-talk between the two main
pathways and their receptors (Kanugula et al., 2023; Wu et al., 2018; Santos et al., 2018). Angiotensinogen
is a 485 amino acid alpha 2-globulin primarily synthesized and constitutively secreted by the liver and renin,
which is secreted in the kidney, cleaves this molecule leading to the formation of angiotensin I (Ang 1-10)
(Danser and Deinum,2005). Angiotensin-Converting Enzyme 1 (ACE1), which is expressed on plasma
membranes of vascular endothelial cells, mainly in pulmonary circulation, cleaves the two amino acids from
the dipeptide Ang I to make the Angiotensin II (Ang II 1-8) (Studdy et al., 1983; Falkenhahn et al., 1995). Ang
IT is the primary mediator of the physiological effects of RAS, including volume regulation, blood pressure,
and aldosterone secretion (Guo et al., 2001), and is implicated in many pathophysiological states, which is
known to induce oxidative stress, vascular smooth muscle contraction, endothelial dysfunction, fibrosis, and
hypertrophic, anti-apoptotic, and pro-mitogenic effects (Mehta and Griendling, 2007; Rajagopalan et al.,
1996; Dzau 2001). The pathogenesis of hypertension, atherosclerotic disease, heart failure, obesity-mediated
hypertension, and kidney disease have been implicated through these effects of Ang II (Schieffer et al., 2000;
Ferrario 2000).

The discovery of Angiotensin-Converting Enzyme 2 (ACE2) was first reported in 2000 (Donoghue et
al., 2000), and progressively developed as a counter-regulatory (protective) pathway for the regulations of
metabolism of water fluid including blood volume, electrolyte balance, and vascular resistance. Two substrates
of ACE2 in the RAS are Ang I (1-10) (Donoghue et al., 2000), and Ang II (1-8) (Patel et al., 2016; 2017).
ACE2 converts Ang I (1-10) to Ang (1-9) and Ang II (1-8) to Angiotensin (1-7). The catalytic efficiency of
ACE2 is 300 times higher for Ang II than Ang I (Vickers et al., 2002). ACE2 is mainly expressed in the lungs
and also shown in cardiovascular system, kidneys, adipose tissue, and brain (Gembardt et al., 2005; Hamming
et al., 2004; Paizis et al., 2005). A significant amount of surface expression of ACE2 on lung alveolar epithelial
cells and enterocytes of the small intestine (Hamming et al., 2004), which helped us understand the tissue
distribution and disease pathogenesis. Ang II (1-9) causes blood pressure reduction and reduces hypertension-
induced cardiovascular and renal inflammation through different mechanisms like vasodilation and natriuresis
(Ocaranza et al., 2014; V et al., 2020; Gonzalez et al., 2018). Ang (1-7) has multiple biological activities
opposing Ang II (1-8) actions and induces anti-inflammatory, vasodilatory, antiangiogenic, antihypertensive,
and antifibrotic effects (Mercure ef al., 2008; Oudit and Penninger, 2011; Touyz and Montezano, 2018).

ACEl and ACE2 are two zinc metalloproteases involved in the biogenesis of the components of
renin-angiotensin system (RAS) (Danser and Deinum,2005; Studdy et al., 1983; Falkenhahn et al., 1995).
Angiotensin I must form active angiotensin II under the action of the converting enzyme (ACE1) required
for pulmonary vasculogenesis resulting in vasoconstriction, water and sodium retention, and inflammatory
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response (Danser and Deinum,2005; Studdy et al., 1983; Falkenhahn et al., 1995). ACE2 processes angiotensin
(Ang) I and II into Ang (1-9) and Ang (1-7), respectively, which are known to mediate vasodilatative
(hypotension), antiproliferative and apoptotic effects opposing the effects of ACE/Ang II/Ang II type 1 receptor
(AT1R) pathway (Mercure et al., 2008; Oudit and Penninger, 2011; Touyz and Montezano, 2018). ACE2 and
ACEI! have opposite effects and serves as the Yin and Yang of ACE/ACE2 Pathways for regulating water and
salt metabolism (Zamai 2020). The recent studies of the new coronal virus have further demonstrated that
the binding of the new coronal virus and ACE-2 receptor to reduce the ACE-2 activity causes the vitality of
vascular tension to enhance the vitality, and produces hypertension, thrombosis, arrhythmia, and inflammatory
response.13-17 Interestedly, ACE1 is produced by pulmonary blood vessels (Studdy et al., 1983; Falkenhahn
et al., 1995), and ACE2 are highly expressed in lung epithelial cells.36-38 The levels of ACE2, which is
positively correlated with airway epithelial differentiation. ACE and ACE2 mainly distribute in the lung and
are regulators of the renin-angiotensin system, which support the TCM theory “Lung viscera regulates the
metabolism of water fluid”. These studies agree with the functions of Lung viscera in TCM and further suggest
that ACE/ACE2 and related peptides, Ang II (1-8), Ang II (1-9) and Ang (1-7), are biochemical molecules
in the Lung viscera and meridians for physiological regulation of the metabolism of water fluid and the
pathological changes during diseases. This is another evidence suggesting that ACE/ACE2 and related peptides,
Ang 1II (1-8), Ang II (1-9) and Ang (1-7), are the Lung meridian substances, which contribute to regulation and
metabolism of water fluid described as one of the important functions of Lung viscera in TCM.

ACE and ACE2 that are highly expressed in pulmonary vascular and all vascular endothelial cells with
nitric oxide (NO) over the body further confirms that ACE and ACE2 are the Lung meridian substances as the
Lung viscera leads all blood vessels in the body (Convergence of all vessels in Lung viscera) in TCM

One of another important physiological functions of lung viscera in TCM is that the all blood vessels
within the body converge to the Lung viscera (the Lung viscera leads all blood vessels) or all blood within
the body must pass through the Lung viscera (Wang et al., 2010; Zhu and Hao, 1989). During the studies
of COVID-19 infection, it is well-documented that COVID-19 virus enters the vascular endothelial cells
by combining human ACE-2 protein, causing damage to the whole vascular system. Because the vascular
endothelial cells are spread all over the whole body, the new coronary virus may invade various organs after
entering the human body. It is believed that the disease of the new crown is not a simple infection, because
a large amount of data shows that the disease is involved in the probability of stroke, thrombosis, and other
various cardiovascular diseases (Hoffmann et al/., 2020; Wadman et al., 2020). The clinical presentation
of COVID-19 begins with acute respiratory distress in the lungs that moves quickly to vascular networks
throughout the gut, kidney, heart, brain and skin with associated endothelial dysfunction (ED) and abnormally
rapid life-threatening blood clotting (Schieffer ef al., 2000; Ferrario 2006).

It is believed that Covid-19 is emerging as a thrombotic and vascular disease targeting endothelial cells
throughout the body and is particularly evident in patients with cardiac metabolic comorbidities associated with
ED (Schieffer et al., 2000; Donoghue et al., 2000). Since the endothelium releases nitric oxide (NO) as the
vasodilator and antithrombotic factor, whereas NO is impaired in injured vessels, contributes to hypertension
and thrombus formation (Ferrario 2006). Obviously, ACE and ACE2 are biomolecules within pulmonary blood
vessels and pulmonary epithelial cells that have fluxing water channels and lead all blood vessels (all over the
body’s vascular endothelial cells) (Zamai et al., 2020). Experiments show that the combination of new coronal
virus and ACE-2 receptor enters the human vascular endothelial cells, which affects the production of NO,
causing destruction to the vascular system, endogenous NO deficiency and ED.

It is well-documented that NO is one of the most important messenger molecules, and NO stimulates
guanylyl cyclase to generate cGMP, a second messenger directing vasodilatation (Denninger and Marletta,
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1999). Intrinsic vasodilator action of NO-cGMP is critical important in microvascular endothelial function
(MEF) and serves as a surrogate index of MEF (Quyyumi 1998; Moncada and Higgs, 1991). ED contributed
to various cardiovascular disorders including essential hypertension, coronary artery disease, and thrombus
formation (Cai and Harrison, 2000; McLenachan et al., 1990). A hallmark of ED with thrombotic events is the
suppression of endothelial NO synthase (eNOS) with concomitant NO deficiency. It is suggested that restoring
NO, independent of eNOS, may counter endothelitis and contribute to pulmonary vasodilation, antithrombotic,
and direct antiviral activity (Martel et al., 2020; Green 2020; Varga et al., 2020). Moreover, NO has been
demonstrated to interfere with the interaction between coronavirus viral S-protein and its cognate host receptor,
ACE-2, while NO-mediated S-nitrosylation of viral cysteine proteases and host serine protease, TMPRSS2,
which are both critical in viral cellular entry, appear to be NO sensitive (Akerstrom et al., 2009; Hoffman et al.,
2020).

CONCLUSION AND FUTURE PERSPECTIVE

There has been a widespread and increasing interest in scientific examinations exploring the Meridian
System and the use of acupuncture for treatment of disorders over the world. However, the most logical and
direct approach to identify a specialized anatomic entity and biomolecules of somatic meridian and viscera/
organ are still lack. The chemicals, structure, functions and mechanisms of the meridians are unclear. The
function of meridians in TCM is essential in regulation of the environmental balance as an organic whole
by circulating the vital energy and blood, and connecting the internal organs with superficial organs and
tissues. The COVID-19 epidemic is spreading all over the world, and the etiological agent of COVID-19
has been confirmed as SARS-CoV-2. ACE2 has a variety of physiological effects: negative regulation
factor for nephrotin-vascular tension system, promoters of amino acid transportation, and SARS-COV-2
receptors. ACE2 is the receptor and transmission pathway for the new coronavirus to enter the human body.
The new coronavirus binds to the ACE-2 receptor to downregulate the ACE-2 receptor, causing the activity
of angiotensin II to increase, resulting in hypertension, thrombosis, arrhythmia, and inflammatory reactions.
ACE1 and ACE2 are produced by pulmonary blood vessels and lung epithelial cells and have the function
of regulating water and salt metabolism. The new coronavirus binds to the ACE-2 receptor and enters human
vascular endothelial cells, affecting the production of NO and causing damage to the vascular system.

The experimental results from pathophysiology and anatomy of COVID-19 pneumonia reveal that
ACE and ACE2 are the pathways through which the pathogenic factors of COVID-19 are transmitted, and
have the function of regulating water metabolism. The main results and new findings in these studies are: 1)
Transmission of pathogenic factors: ACE2 is the receptor for the new coronavirus to enter the human body
and the pathway for the transmission of pathogenic factors; 2) Resist external evils and protect the body; 3)
ACE and ACE2 are produced by the lungs and have the function of regulating water and salt metabolism, and
angiotensin I must form active angiotensin II under the action of the ACE of pulmonary angiogenesis, resulting
in vasoconstriction, water and sodium retention, and inflammatory response; 4) Highly expressed in pulmonary
vascular and all vascular endothelial cells with NO over the body further confirms that ACE and ACE2 are the
Lung meridian substances as the Lung viscera leads all blood vessels in the body (The lungs move toward the
hundred vessels) in TCM. These characteristics should be attributed to the substances of the lung meridian in
TCM and participate in the organ functions of lung. A more sophisticated approach with direct experiments
would be required to address this issue. Despite these limitations, these new findings enable to generate a novel
hypothesis that the new coronary virus pneumonia’s pathophysiosity, physiological reconciliation and solution,
revealing that ACE and ACE2 are biomolecules that serve as transmission of pathogenic factors in the lung,
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resisting external evils and protect the body, regulating water and salt metabolism, and highly expressed in
pulmonary vascular and all vascular endothelial cells with NO over the body as the Lung viscera leading all
blood vessels in the body. These current progresses have made it dissolved into the theory of TCM to establish
a scientific basis of the hypothesis that ACE and ACE2 are the biomolecules of the lung meridian in TCM
and participate in the organ functions of the lung. These new findings and hypothesis undergird the theoretical
and logistic foundation for future studies. The increased interest in the meridian system and organ functions
based on TCM theory have led to an open-minded attitude towards understanding this system, which will bring
groundbreaking results not only into the TCM but also physiological regulation and the pathophysiology of
clinical disorders in biomedical sciences.
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ABSTRACT

Cancer immunotherapy has become one of the most promising strategies in oncology, yielding
durable remissions in previously refractory malignancies. However, significant barriers remain, including
immune resistance, tumor heterogeneity, toxicity, and the complexity of the tumor microenvironment.
This review synthesizes recent progress and ongoing challenges across four major domains: nucleic
acid and vaccine-based immunotherapies; cellular and genetic engineering approaches; tumor
microenvironment and immune modulation; and translational/clinical insights.

Keywords: Cancer, Immunotherapy; Nucleic Acid; mRNA Vaccine; Cancer Vaccines; Engineered

T Cells; Tumor Microenvironment; Immune Checkpoint Inhibitors; CAR-T Cells; Gene Editing;
Nanoparticles

» 26



EZ51#k / MEDICINE AND HEALTH

INTRODUCTION

Cancer immunotherapy represents a paradigm shift in the management of both solid and hematological
malignancies. By leveraging the body’s immune system to identify and destroy cancer cells, immunotherapies
have produced responses that are unprecedented in terms of durability and potential for cure. The success of
immune checkpoint inhibitors, CAR T cell therapy, and mRNA vaccines has demonstrated the power of this
approach. Nonetheless, the majority of patients do not achieve lasting remission, and immune-related adverse
events, primary and secondary resistance, and the immunosuppressive tumor microenvironment remain major
barriers.

A comprehensive understanding of the complex interplay between cancer cells and the host immune
system is essential for the development of more effective treatments. Advances in genomics, synthetic biology,
nanotechnology, and computational science have all contributed to a rapidly evolving field. This review
organizes recent progress and challenges into four major categories, aiming to provide a critical overview for
researchers and clinicians involved in the next generation of cancer immunotherapy.

NUCLEIC ACID AND VACCINE-BASED IMMUNOTHERAPIES

Recent years have witnessed remarkable advances in the application of nucleic acid technologies to cancer
immunotherapy. The development of RNA nanoparticles has enabled a new class of therapeutics that can
target tumors with high specificity, reduced systemic toxicity, and the ability to carry multiple payloads' 2. The
programmable nature of RNA molecules allows for the creation of particles with controlled size, structure, and
surface characteristics, which can be further modified with tumor-targeting ligands or antibodies.

The rapid translation of mRNA vaccine platforms from infectious disease to oncology has transformed the
landscape of cancer vaccines® ‘. mRNA vaccines are advantageous due to their rapid, scalable manufacturing,
ability to encode any antigen of interest, and strong induction of both cellular and humoral immunity.
Personalized mRNA vaccines, which encode patient-specific neoantigens, have shown promising results in
early clinical trials. These vaccines are often delivered via lipid nanoparticles or other nanocarriers, improving
delivery to antigen-presenting cells and enhancing immune activation.

Despite the potential, challenges persist. RNA is inherently unstable and prone to rapid degradation in
vivo. Chemical modification of RNA bases, optimized formulations, and nanoparticle encapsulation are
required to improve stability and delivery’. Immunogenicity is a double-edged sword: while strong immune
responses are desired, excessive innate activation or autoimmunity must be avoided®. Clinical experience has
shown that mRNA vaccines can be safe and well tolerated, though rare immune-related adverse events do
occur.

Cancer vaccines—whether peptide, protein, DNA, RNA, or vector-based—aim to prime the immune
system against tumor-associated antigens (TAAs) or tumor-specific neoantigens” 8. Several strategies are now
under clinical investigation: viral vectors encoding tumor antigens, personalized neoantigen vaccines, and
whole-cell or dendritic cell vaccines. Systems biology approaches, including high-throughput sequencing,
single-cell profiling, and multi-omics, are increasingly used to identify immunogenic targets and predict patient
responses’.

An emerging frontier is the use of live-attenuated bacteria and oncolytic viruses as both antigen delivery
vehicles and immune stimulants'®. The integration of systems medicine—analyzing interactions among
genomics, proteomics, immune cell subsets, and the tumor microenvironment—has begun to inform vaccine
design, combination therapy selection, and prediction of resistance mechanisms.
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Efficient delivery of nucleic acid therapeutics remains a central challenge'. Nanoparticles, exosomes,
lipid-based carriers, and other synthetic vesicles are in development to enhance tumor targeting, cellular uptake,
and endosomal escape. Advances in click chemistry and surface engineering have enabled the creation of
multifunctional nanoparticles capable of carrying siRNA, miRNA, mRNA, or even small-molecule drugs'> 3.
Preclinical studies have shown that rationally designed RNA nanoparticles can accumulate in tumors within
minutes and are rapidly cleared if not tumor-bound, minimizing toxicity.

Clinical translation is ongoing, with multiple nanoparticle-based delivery systems now in phase I/II trials
for solid and hematologic malignancies'. Key barriers include scale-up for manufacturing, reproducibility,
regulatory approval, and the management of potential immune or off-target toxicities. The future of cancer
immunotherapy will likely feature combination approaches that integrate mRNA vaccines, gene editing, and
nanotechnology-based delivery for highly individualized patient treatment.

CELLULAR AND GENETIC ENGINEERING APPROACHES

The genetic modification of immune cells has led to some of the most striking successes in cancer
immunotherapy's. Engineered T cells, including chimeric antigen receptor (CAR) T cells and T cell receptor
(TCR) transgenic T cells, have revolutionized treatment for certain hematologic cancers and are now being
adapted for solid tumors. CRISPR/Cas9 and other gene-editing platforms allow precise editing of genes
involved in antigen recognition, costimulation, exhaustion, and immune evasion'® !’

CRISPR-based genome editing has been used to disrupt immune checkpoint genes, remove endogenous
TCRs to reduce graft-versus-host disease, and insert synthetic receptors for improved specificity'®. Preclinical
and early-phase clinical studies have demonstrated the safety and feasibility of CRISPR-edited T cells in
humans. Further improvements in delivery methods, off-target risk assessment, and in vivo gene-editing
technologies are ongoing'’.

CAR T cell therapy has produced remarkable clinical responses in patients with relapsed or refractory
B cell malignancies, leading to several FDA-approved products®® ?'. The clinical success in leukemia and
lymphoma has spurred efforts to expand this modality to other cancers. In solid tumors, CAR T therapy faces
unique challenges: tumor antigen heterogeneity, limited infiltration, immunosuppressive microenvironments,
and risk of on-target, off-tumor toxicity** *.

Strategies to overcome these include local or regional delivery of CAR T cells, engineering of new
costimulatory domains, and the use of “armored” CAR T cells co-expressing cytokines or checkpoint
inhibitors. Combination therapies with immune checkpoint blockade, targeted therapies, or radiation are under
investigation to enhance persistence and efficacy®.

Natural killer (NK) cells and stem cell-derived cytotoxic cells represent emerging frontiers in adoptive
cell therapy® %. NK cells can lyse tumor cells without prior sensitization and are less likely to cause graft-
versus-host disease. Genetic engineering of NK cells, such as the knockout of inhibitory receptors, has shown
to enhance anti-tumor activity and enable “off-the-shelf” therapies with broad applicability. Human pluripotent
stem cells (hPSCs) can now be differentiated into immune effectors and engineered for improved persistence
and function, creating a scalable source for allogeneic cell therapy.

Despite dramatic responses, relapse after CAR T cell or TCR therapy is common?’. Mechanisms include
antigen loss, poor CAR T persistence, emergence of resistant tumor clones, and suppression by regulatory cells
or myeloid-derived suppressor cells (MDSCs). High-dimensional immune profiling, single-cell sequencing, and

multi-omics are now used to monitor therapy response and guide next-generation modifications** .
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TUMOR MICROENVIRONMENT AND IMMUNE MODULATION

The tumor microenvironment (TME) is a dynamic, heterogeneous milieu comprising cancer cells, immune
cells, stromal cells, vasculature, extracellular matrix, and various soluble factors®. The interplay among these
elements has a profound influence on tumor progression, immune evasion, and therapeutic response.

The infiltration and function of regulatory immune cells, particularly T regulatory cells (Tregs), myeloid-
derived suppressor cells (MDSCs), and tumor-associated macrophages (TAMs), are key mechanisms by
which tumors suppress anti-tumor immunity?" 32, Immune checkpoint inhibitors (ICIs) have shown durable
responses in subsets of patients, but overall response rates remain limited*. The identification and targeting
of immune checkpoints on phagocytic cells, such as the CD47-SIRPa axis, represent a novel dimension of
immunomodulation that can potentiate macrophage-mediated tumor clearance®.

Macrophages constitute a major fraction of immune cells in tumors®*. Their role is complex, as they can
be polarized into tumor-promoting (M2-like) or tumoricidal (M1-like) phenotypes. Therapies targeting these
signals, such as anti-CD47 antibodies, have demonstrated preclinical and early clinical activity.

Tumor cells and immunosuppressive cells in the TME often exploit intracellular signaling networks to
resist immune attack. SUMOylation, metabolic competition, and hypoxia all play crucial roles in immune
evasion’®. Physical interventions—such as low-level laser therapy or mild local hyperthermia—can reprogram
the metabolic state of tumors and immune cells, enhancing infiltration and function of cytotoxic lymphocytes.

Beyond the local TME, the systemic immune system and host environmental factors—including the
gut microbiome—have emerged as crucial determinants of immunotherapy response. Microbial diversity
and composition can modulate systemic inflammation and the risk of immune-related adverse events.
Interventions to modulate the microbiome, such as fecal microbiota transplantation, are under investigation.

Al-based technologies and microfluidics are rapidly advancing the capacity to personalize immunotherapy
and adapt interventions in real time based on dynamic patient responses’ ¥,

TRANSLATIONAL AND CLINICAL INSIGHTS

Psychological health and environmental stressors can impact the efficacy of cancer immunotherapy*.
Emotional distress and elevated stress hormones may suppress anti-tumor immune responses. Integrative care
models that address psychological wellbeing are important components of cancer management.

The translation of novel immunotherapies from bench to bedside is subject to rigorous regulatory
evaluation*!. Real-world evidence, including post-marketing surveillance and registry data, is increasingly
important in refining risk-benefit profiles.

SUMMARY

Cancer immunotherapy has evolved from a promising concept to a cornerstone of modern
oncology, enabling unprecedented responses in multiple cancer types. The rapid progress in nucleic
acid nanotechnologies, mRNA vaccines, and engineered cell therapies has demonstrated the power of
harnessing and reprogramming the immune system. Simultaneously, a deeper understanding of the tumor
microenvironment, metabolic crosstalk, and systemic host factors has revealed both new therapeutic
opportunities and complex challenges, including resistance, toxicity, and patient heterogeneity.

Multimodal and combination approaches—uniting advances in RNA and gene editing, immune
checkpoint blockade, cellular engineering, and metabolic modulation—are showing synergistic benefits in both
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preclinical and clinical studies. Emerging fields such as microbiome engineering, artificial intelligence-guided

therapy, and novel delivery technologies promise to individualize and optimize treatment. Yet, durable cures
for most solid tumors remain elusive, with immune escape and tumor evolution continuing to drive relapse in
many patients.

Future success will depend on integrative research and clinical translation, bringing together molecular,

cellular, microenvironmental, and psychosocial understanding. Only through such holistic approaches—

supported by robust real-world evidence, patient-reported outcomes, and equitable global access—will the full

promise of cancer immunotherapy be realized for all patients.
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ABSTRACT

Air purifiers should pay much attention to hospital-associated infections, but the role of a single air
purifier is limited. The goal of this study was to evaluate the effectiveness of the combined application of
the nonequilibrium positive and negative oxygen ion purifier (PNOI) and the high-efficiency particulate
air filter (HEPA) on a complex, polluted environment. Two of the better performing purifiers were
selected before the study. The efficacy of their use alone and in combination for purification of cigarette
particulate matter (PM), Staphylococcus albicans, and influenza virus were then evaluated under a
simulated contaminated ward. PNAI and HEPA alone are deficient. However, when they were combined,
they achieved 98.44%, 99.75%, and 100% 30 min purification rates for cigarette PM, S. albus, and
influenza virus, respectively. The purification of pollution of various particle sizes and positions was
optimized and reduced differentials, and a subset of airborne influenza viruses is inactivated. Furthermore,
they were superior to ultraviolet disinfection for microbial purification in air. This work demonstrates
the strong purification capability of the combined application of these two air purifiers for complex air
pollution, which provides a new idea for infection control in medical institutions.

Keywords: combined application; air purifier; purification rate; particulate matter; Staphylococcus albus;
influenza virus
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INTRODUCTION

Since 2019, the world has remained torn by the novel coronavirus, and it is undeniable that it allows us to
recognize that hospital-associated infection (HAI) control remains inad- equate in healthcare settings today. It
the early stage of the COVID-19 epidemic, among 138 hospitalized patients with COVID-19 in a hospital in
Wauhan, China, 41% of them were suspected to be related to hospital transmission'. In a major London teaching
hospi- tal, 66/435 (15%) of COVID-19 inpatient cases between 2 March and 12 April 2020 were definitely
or probably hospital-acquired through varied transmission routes®. Between March 2020 and February 2021,
185 (8.6%) cases were considered cases of nosocomial transmission in a tertiary university hospital in the
city of Sao Paulo, Brazil®>. Of course, the reality is far more than these, exposing the severity of HAI as early
as 2002 with severe acute respiratory syndrome coronavirus (SARS-CoV)* and in 2012 with Middle East
respiratory syndrome coronavirus (MERS-CoV)’. Nearly 1.7 million hospitalized patients in the United States
are simultaneously infected with HAI every year, of which more than 98,000 patients die of HAI®. Clearly, the
hazards of HAI were identified many years ago, but the control of HAI remains a difficult problem in current
healthcare systems’.

Due to the particularities of the hospital, its environment contains a large number of microorganisms?,
and it provides very favorable conditions for the reproduction and spread of pathogenic microorganisms® '°.
On the other hand, as a major site of antibiotic use, HAI and antimicrobial resistance mutually promote the
formation of a vicious cycle'" 2. There is strong evidence that airborne and aerosol transmission of pathogenic
microorganisms are widespread in hospital environments'. In addition to this, several meteorological factors
influence the survival and spread of nosocomial environmental pathogens, such as inappropriate air filtration
and recirculation that can exacerbate virus spread on wards and other adjoining spaces (i.e., corridors)'*. The
higher relative humidity may lengthen the survival time of the new corona virus in the air'®. The increase in
temperature facilitates the multiplication of microorganisms in the ward environment'é, and patients and
medical staff act as vectors of infection between medical institutions!’. This means that, without protection, the
nosocomial population is consistently exposed to a multiple infection risk's.

To improve HAI status, traditional views have focused on strategies to eliminate pathogens present
on patients, clinical surfaces, and health care workers', which has prompted the implementation of various
infection control and disinfection protocols that have also been successful in reducing the incidence of HAT®.
However, recent studies have shown that a significant proportion of pollutants causing infections in the
human population are airborne'*2!. Improving health care expenditure and reducing hospital air pollution can
effectively reduce the mortality rate of SARS-CoV-2?2, and mechanical air conditioning and natural ventilation
technologies have a positive effect on hospital air purification®. Therefore, the application of various air
purification technologies in hospitals has good prospects. Some studies have evaluated the HEPA cleaner and
found that it reduces the average room PM2.5 concentration from 17.0 pg/m3 to 9.26 pg/m3 and reduces the
medication burden in asthmatic children®*. More studies have shown that some air purification technologies
are effective for a certain contaminant; for example, HEPA purifiers reduced the concentration of phiX174
bacteriophages in aerosol by 99.9974-99.9999%>, HUCoV-229E was inactivated in less than 60 min on
brass nanomaterials containing at least 70% copper®, and so on. Visible air cleaners may have an effect on a
certain contaminant in room air but are unknown for hospital wards where multiple contaminants are present.
A rigorous and feasible line of research is needed in the area of air filtration and recirculation in healthcare
facilities, ensuring the ability to respond to possible new outbreaks'*.

To ask the purifier scheme that can cope with multiple pollutants, two air purifiers based on HEPA and
nonequilibrium positive and negative oxygen ions were selected after testing multiple air purification units in
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this study. We evaluated the decontamination capacity and deficiencies of their separate use and explored the
combined use on different pollutants in indoor air. The study created heavily polluted environments of cigarette
PM, S. albus, and influenza virus, and their concentrations before and after purification were detected to
evaluate differences in indoor air pollutants by position, particle size, and decontamination efficacy. In addition,
the findings can provide a reference for the effective application of air purification equipment in hospital wards.

MATERIALS AND METHODS

Pollutant and Experimental Equipment

S. albus standard strain 8032 (Guangdong Institute of Microbiology, Guangzhou, China), cigarettes
(Hongta Mountain, Yunnan, China) and HIN1-pr8 influenza virus (obtained from internal stock) were selected
as simulated indoor air pollutants in this study.

S. albus was cultured in agar medium (nutrient agar, HuanKai Microbial, Guangzhou, China). Influenza
virus was inoculated and amplified in 10-day-old embryonated chicken eggs (emerging Huanong, Guangzhou,
China). MDCK cells were cultured in Dulbecco’s Modified Eagle medium (containing 100 U/mL penicillin,
100 pg/mL streptomycin and 10% fetal bovine serum,
Shanghai Excell Bio, Shanghai, China). An ABI7500 real-
time PCR machine determined the number of virus copies
(Thermo Fisher Science, Waltham, MA, USA). Viral
copy number was determined using an ABI7500 real-
time PCR machine (Thermo Fisher Science, Waltham,
MA, USA). Aecrosols were generated using microbial

—— Air inlet

Level 1 (>7.0um)

aerosol generator (Kangjie Instrument Research Institute,
Liaoyang, China). Particles were deter- mined by Y09-
301 laser dust particle counter (WeiTian Environmental

=p Level 2 (4.7um~7.0um)

Technology Co., Ltd., Suzhou, China). Bacterial aerosols Level 3 (3.3um~4.7um )

@HH

were collected with FA-1 six-stage sieve hole percussive
air microbial sampler (Jintan District Jincheng Shuohua [N, Level 4 (2.1um-3 3um )

instrument Factory, Figure 1), and influenza virus was
collected with ZW-100 portable large flow bioacrosol — [TE_—_—_—_—_—_-> Level 5 (11um-2lum )

o ®

sampler (Guangzhou medium and Micro Technology Co.,

: P .65pum-~1.
Ltd., Guangzhou, China). Level 6 (0.65um-~1.1pm)

We adapted a container to model a standard ward

. . 5
(Figure 2). The room had an effective area of 16.0 m? and Figure 1. Structure diagram of bacterial sampler.

a volume of 41.6 m®. It was placed on a ground platform @ - (® are the places where agar plates are
with less staff movement, was closed, and was less placed, and levels 1-6 can selectively collect
affected from the outside world. The in-house included a aerosols with corresponding particle size.

regular ward facility, including a bed, table, chair, locker,

bathroom, washing equipment, etc. As the basic living environment for patients, the basic structure of this ward
meets the standards for environmental science (Table 1). According to the sampling criteria and the indoor
arrangement, we selected 7 sampling sites (A—G) in the room.
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Figure 2. It contains the infrastructure of the standard ward (shown in part of the figure),
pollutant injection points, and 7 (A to G) sampling positions. In addition, HEPA is installed
2 m above the head of the bed, and PNOI is installed at the central air conditioning outlet on

the right side of E.

Air Purifiers

Before conducting formal experiments, we
tested five kinds of air purifiers, namely, HEPA
purifier, nonequilibrium positive and negative
oxygen ion purifier (PNOI), negative air ion
generator, photocatalyst purifier, and neowind
purifier. After comprehensive analysis, the best
performing HEPA and PNOI were selected. HEPA
purifier uses a filter system composed of HEPA,
and air contaminants in the filter are constantly
blocked from the filter when it reaches between
the filter trap and the fiber through a 0.024 m?
vent at 1.0 m/s speed. The manufacturer declared
its ability to reduce PM2.5 below 35 ug/m® and
to >99.0% purification of S. albus in 1 h. PNOI,

Table 1. Index of indoor environment in simulation ward

Index Actual Level
Room volume 41.62 m3/P
Net story height 2.6l m
Coefficient of room depth 221
Daylight factor >1.0%
Total viable count <500 cfu/m3
Fresh air volume 30-60 m3/ (h-P)
PM10 <0.05 mg/m3
Temperature 18-28 °C
Humidity 50-80%

which produces nonequilibrium positive and negative oxygen ions at a lower voltage, can kill planktonic
bacteria in the air by collision and the redox effect of positive and negative ions, and its vents have an effective
area of 0.88 m? and wind speed of 2.5 m/s. The assay reports that it is capable of killing >99.8% of S. albus in
1h. They are currently the more mainstream air purification units and are less expensive and easy to install.

Formation of Heavily Polluted Environment

Within the infectious disease ward, the contaminant was mainly generated by the patients while the
patients were mostly bed-ridden, so we took the central C of the bed (Figure 2) as the point of occurrence
for the contaminant. We used PBS to dissolve the S. albus cultured for 24 h to make the absorbance of 0.48—
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0.51 and diluted it another 1000 times for use. The influenza virus with the PCR assay result of CT = 15—
20 was selected for use. The prepared bacterial or viral fluid was added into the microbial aerosol generator
and sprayed for 15 min, and the air was mixed thoroughly with a fan to form a room environment heavily
contaminated with bacteria or viruses. The cigarette was directly ignited at C for 15 min, and then a heavily
polluted environment with PM was formed after mixing.

Additionally, the microbial aerosol generator was continuously turned on until the end of sampling after
the heavily polluted environment was formed, thus creating a continuously contaminated ward environment.

Collection and Detection of Samples

The samples for the first round were collected at each sampling site (0.5 m from the wall surface and 1.4
m from the ground surface) after the environment was stabilized. After acquisition was completed, samples
were collected once each at 10, 20, and 30 min with the purifier turned on, and sampling without turning on the
purifier served as a control. The bacterial samples were incubated 24 h in a bacterial incubator at a temperature
of 37 °C before counting. Viral samples RNA was partially extracted and viral copy number was determined
using a real-time PCR. MDCK cells were infected with the positive viral samples, and cytopathic changes were
observed using an inverted microscope after one day of culture. The amount of PM can be read on-site, and the
analysis can be performed when the results are saved.

Quality Control

Prior to formal experiments, we performed multiple pre-experiments with rigorous training and division
of labor for experimenters. Clean clothes, hats, and shoe covers were worn during sampling to ensure that the
operation of the experiment was smooth. On the other hand, UV disinfection was performed for 30 min before
the experiment, and the closed standing was allowed to stand for 3 h, and a convenient dehumidifier and air
conditioning were used to regulate the temperature (20-28 °C) and humidity (50-70%) in the room to ensure
that the heat and humidity were relatively stable.

Data Analysis and Calculation Formula

We calculated acquired pollutant concentrations using Excel (Microsoft Office Pro- fessional Enhanced
Edition 2019, Microsoft, Redmond, WA, USA) and summarized cat- egorically. Means and standard deviations
were calculated with IBM SPSS statistics 26, and ¢ tests and ANOVA were performed to evaluate statistical
differences among variables (ns = no significant difference, * p < 0.05, ** p < 0.01, *** p < 0.001, a = 0.05).
Plotting of graphs was performed using GraphPad prism 8.

Calculation formula for pollutant purification rate is as follows:

K=(C,~C)/C,
K: purification rate; CO: Initial pollutant concentration; Ct: t minute pollutant concentration.
3RESULTS
Preliminary Purification of Three Air Pollutants by Two Purifiers
Before testing the effect of the combination, we individually evaluated the efficacy of HEPA and PNOI

to purify airborne PM, S. albus, and influenza virus. For environments heavily contaminated with PM (Figure
3), only a 55.89% average purification rate was observed after 30 min of the PNOI running, and the average
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PM, . and PM,  concentrations were 42.76 pg/m’ and 64.38 pg/m’, respectively. On the contrary, HEPA
showed a good purification efficiency, achieving a 97.23% average purification rate at 30 min and PM, ; and
PM  average concentrations of 5.48 ug/m’ and 14.05 pg/m’, respectively, but the purification rate was not
sufficient (10 min: 52.00%). The purification rate of S. a/bus by HEPA reached 99% in 30 min, and the number
of colonies was reduced to 464.41 cfu/m®. The purification effect of the PNAI running 10 min was significantly
better than that of the HEPA (p < 0.001), but the purification at 30 min was not significantly different from that
of the HEPA (p > 0.05). For influenza virus, the PNOI was globally leading the HEPA in purification capacity
(» <0.001 at each time point) and completely purified the virus by 30 min.

After that, we turned on the two purifiers simultaneously. The purification efficiency and speed were
significantly improved (p < 0.001), with an 86.25% purification rate at 10 min, and the average PM, , and PM
concentrations at 30 min were only 0.81 ug/m® and 2.48 ug/m?, respectively, reaching very clean levels. For
both bacteria and viruses, purification was accelerated over a short period of 10 min compared to PNOI (their
purifi- cation rate at 10 min was comparable to that of a 20 min PNOI run); S. albus eventually decreased to
5.05 cfu/m?, and the influenza virus was completely cleared.

wiee

Purification rate
Purification rate

1omin 20min min 1omin 20min 0min ‘tomn 20mn omin

Figure 3. Purification rate of air pollutants with each module. (a) Cigarette particlulate matter; (b) S. albus;
(c) influenza virus. The statistical difference for the last time of different modules is analyzed (ns: no significance;
*p <0.05; ***p <0.001).

Combined Application was Effective for Different Positions and Particle Sizes

After detecting the size of each of the particles and aerosols at different sites, we further analyzed the
effect of the air cleaner on complex spaces and particle sizes. After the particles were purified for 30 min, the
PNOI against a diameter of 0.3-0.5 um had a significantly poorer purification effect than the other particle
sizes (p < 0.001). Interestingly, HEPA was relatively less effective for particles larger than 5.0 pum in diameter
(» < 0.001). Predictably, the combined application of the two purifiers had a significantly better purification
effect on each particle size than did their application alone, and only the particle purification rate (88.46%) from
diameter 0.3—0.5 pm was slightly lower than that of the others (p < 0.05). Based on the characteristics of the
bacterial sampler, we measured the number of colonies contained in aerosols in six particle size ranges. At 30
min operation, PNOI had a slightly lower effect on aerosols with a diameter of 0.65-2.1 pm than other particle
sizes (p < 0.001), while the purification rates for the combined applications showed no significant difference in
particle size (p > 0.05), and all had good effects (Table 2).
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Analyzing the different positions (Table 3), HEPA showed a slightly lower PM de- contamination rate
in D (p < 0.01). PNOI did not differ significantly across sites (p > 0.05) but purification was general. After
the combined application, the purification rate of D was slightly lower than that of the other positions, but
they were not statistically different (»p > 0.05); meanwhile, the purification effect was also significantly better
than that of the single purifier (p < 0.001). Unlike PM, the bacterial purification at different positions by two
purifiers applied individually or in combination was excellent and showed no significant difference (p > 0.05).

Table 2. Six particle sizes of particles and aerosol purification rate (%, mean (SD))
Pollutant Diameter (um) CON HEPA PNOI HEPA + PNOI
PM 0.3-0.5 6.20 (1.41) 88.63(2.71) 41.68(2.55)  97.98(0.22)
0.5-1.0 21.67 (2.18) 94.40(1.33) 64.88(1.87)  98.57(0.74)
1.0-3.0 53.45(1.97) 97.52(0.52) 84.50(0.63)  96.86 (0.52)

3.0-5.0 7.08(6.11)  82.74(3.63) 6531(2.76)  88.46 (3.16)

5.0-10.0 14.46 (9.76)  75.75(4.91)  67.75(2.86)  93.76(2.62)

>10.0 32.80(7.07) 67.73(422) 81.15(2.775)  98.16(2.93)

Bacterial acrosol 0.65-1.1 46.59 (8.76)  99.52(0.45)  97.79(0.70)  99.85 (0.19)
1.1-2.1 20.97 (5.65)  99.54(0.31)  96.92(0.80)  99.85 (0.15)

2.1-33 42.69 (3.42)  99.64 (0.26)  99.50(0.28)  99.91 (0.11)
3347 72.17 (9.94)  99.52(0.33) 99.88(0.16)  99.93 (0.11)
47-70 85.81(4.05) 99.33(0.61) 99.64 (0.42)  99.47 (0.50)

>7.0 7530 (6.83)  99.21(0.75)  99.50 (0.79)  98.59 (0.28)

Combination Application Accelerates Influenza Virus Inactivation

Previous experiments used RT-PCR to test samples for influenza virus content, but viral activity could not
be determined. We infected MDCK cells with virus-positive samples (Table 4) and found that both influenza
viruses were active in the positive samples from HEPA (48/48), while the virus was still active in the samples
from PNOI 57.50% (23/40). After the combined application, the virus activity decreased to 37.50% (12/32), of
which none of the positive samples at 20 min showed activity.

Combination Application Better than Common UV Disinfection

UV disinfection is one of the best methods for indoor environment disinfection. To evaluate the difference
in decontamination between common UV lamps and our purifiers, we examined the efficacy of ultraviolet
lamps for S. albus and influenza virus using the same method (Figure 4). In contrast, it was found that there
was no significant difference between bacterial purification by the combination of two purifiers and UV lamps
(» > 0.05). For influenza virus, the average purification rate of UV disinfection was 93.43%, which could
not completely purify the influenza virus in the room air at 30 min and was less effective than the purifiers
combination (p < 0.05). In a general ward where UV lamps are inconveniently applied, it is obvious that the
combination of air purifiers can replace UV lamps to play an effective air purification role.

Combination Applications Still Have Better Effects on Continuously Polluted Environments
The previous experiments evaluated the direct effect of the combination of the two cleaners and gave
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Table 3. PM and aerosol purification rates at 7 positions (%, mean (SD))

T
20min

T
30min

Pollutant Position CON HEPA PNOI HEPA + PNOI

A 30.10 (7.30) 86.78 (8.18) 74.32 (6.03) 91.45(7.84)

B 32.06 (8.33) 84.82 (6.82) 74.91 (6.09) 95.73 (2.92)

C 29.26 (5.24) 91.24 (6.85) 73.48 (6.06) 93.13(5.99)

D 25.44 (5.07) 79.13 (7.51) 76.37 (6.28) 88.83 (9.38)

E 26.19 (6.24) 88.86 (9.09) 69.12 (6.12) 95.62 (5.43)

F 30.32 (6.23) 83.42 (5.35) 67.42 (6.40) 92.04 (6.97)

G 19.07 (8.59) 87.51(6.27) 72.23 (6.59) 95.35(5.04)

Bacterial aerosol A 58.04 (4.58) 99.20 (0.50) 98.55(0.75) 99.92 (0.12)

B 48.98 (5.10) 99.47 (0.44) 98.45 (0.4) 99.62 (0.48)

C 60.42 (7.68) 99.30 (0.62) 99.19 (0.71) 99.62 (0.64)

D 58.27 (9.15) 99.58 (0.35) 99.21 (0.63) 99.86 (0.32)

E 63.50 (5.90) 99.49 (0.33) 98.82 (0.75) 99.75 (0.32)

F 50.39 (5.08) 99.86 (0.16) 99.12 (0.70) 100.00 (0)
G 61.13 (5.50) 99.12 (0.59) 98.73 (0.73) 98.43 (0.29)
Table 4. Result of influenza virus activity assays

Purifier Active Inactive Total Activity Ratio (%)
CON 67 0 67 100.00
HEPA 48 0 48 100.00
PNOI 23 17 40 57.50
HEPA + PNOI 12 20 32 37.50

b
- I i1
*CON  m W HEPAPNOI £
= - CON uv ¥ HEPA+PNOI

T
10min

T
30min

Figure 4. Comparison of the efficacy of purifier combination and UV lamps in removing S. albus (a) and influenza
virus (b). The statistical differences between the items are analyzed. (ns: no significance; *p < 0.05; ***p < 0.001).
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positive results, but because patients live for long periods of time in the hospital, the contamination of the
ward is often persistent. We therefore evaluated their effects in a simulated continuously polluted environment
(Figure 5). Obviously, both bacterial and viral purification effects of the continuously contaminated
environment were slightly lower than those of the primary contaminated environment (p < 0.05), but at 30 min,
the decontamination rates could both reach 90%. Their purification rates against S. a/bus continued to increase
over time (p < 0.05), whereas those against influenza viruses stabilized at around 90%.

DISCUSSION

This study tested the purification efficacy of two air purifiers for a heavily contami- nated ward
environment. The purification effect of HEPA filtration technology on indoor PM and aerosols is widely
recognized*?’. PNOI is based on this emerging technol- ogy of nonequilibrium positive and negative oxygen
ions, and our study demonstrates a superior capability in decontaminating bacteria and viruses, with the
released ions also inactivating part of airborne influenza viruses. After multifaceted analysis, we confirmed that
the two purifiers combined obviously strengthened their air purification capacity and were able to effectively
purify complex room air pollution for a short period of time.

a % CON b
1.19 4% Constantly poliuted 1.1m
- Once polluted % CON

4% Constantly polluted
-4 Once polluted

0.9+

..[@]" .[]/

——

0.84

Purification rate
Purification rate

T T T T T
10min 20min 30min 10min 20min 30min

404 \ 0.4+
4.5 - 0.6+

2.0

Figure 5. Comparison of the effects of combined application on the removal of S. albus (a) and influenza virus
(b) from constantly and once-polluted environments. The statistical differences between the items are analyzed.
(*p <0.05; **p < 0.01; ***p < 0.001).

PM, as one of the most dominant pollutions in the air, i.e., fine particles with a diameter of <5 um, persists
in the air for a long time and can easily enter the lower respiratory tract®®*'. The small particle is orders of
magnitude larger in air, and when the purifier is used, it falls far more easily than the large particles, exhibiting
relatively better particulate matter purification below 5 pm in diameter, which is consistent with Dubey’s
findings*. In addition to PM, aerosols carrying pathogenic microorganisms are ubiquitous in ward air® 3.
Agarwal’s study in New Delhi indicated 1.1-4.7 pm bioaerosols with more microorganisms®. It has also been
shown that the majority of sporadic viral RNA from coughing in influenza patients is contained in particles
in the respirable size range**. Having good effecst on fine PM and a smaller aerosol (diameter < 5 um) are
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important criteria that air purifiers need to achieve. Obviously, the purifier combination in this study was able to
do this.

In this larger and separate space in hospital wards, one or more bacteria, and even super-resistant bacteria
and viruses, can be detected in the exhaled gas of nearly half of hospitalized patients® 3¢, which gradually
spreads throughout the room. When the purifier was run alone in this study, it showed poor effects on some
locations, which was greatly related to the purifier ventilatory efficiency and room layout. For example, in
a ward with a patient with SARS-CoV-2, the virus was widely distributed on the floor, a computer mouse,
trash buckets, and the patient’s bedside banister and was detected in the air about 4m away from the patient?’,
even as the air flow reached the outside of the ward?®. Interestingly, PNOI produces ions capable of diffusing
everywhere with the aid of the ventilation system and the airflow of HEPA. As the present study presented
results that bacteria and viruses were more easily purified, the purification rates were not statistically different
among the seven sampling sites. Another unexpected phenomenon was that the pathogenic aerosols derived
from patients or those carrying pathogenic bacteria are highly prone to stay in humid environments, such as
those in toilet air, pools, and buckets*, where microbial decontamination is relatively poor. Because the toilet
is small, installing an efficient cleaner for the toilet is clearly cost-effective. A ward toilet was not actually used
as simulated in this study, so decontamination may have been overestimated. Purifiers need to be considered for
installation near more contaminated areas, such as toilets, in real-world situations or for enhanced sanitization
of these areas.

At present, one of the most common and predominant methods of disinfection of areas such as hospital
corridors, wards, nurse stations, and doctors’ offices is the use of disinfectants for the cleaning of surfaces on
the ground and objects*. This approach, while fully effective, requires significant human effort to be invested
and is not durable. Studies have shown that heating, ventilation, and air-conditioning systems in hospital
wards are the main indoor ventilation facilities and another important means of infectious disease control, but
their incorrect use can instead lead to the spread of disease*'. Under the influence of the new corona virus,
the air cleaner has a better prospect for use in the medical arena. However, as the HEPA purifier in this study
was capable of clearing airborne particulates and aerosols by requiring air to pass through its strainer, it is
clear that its effects are not comprehensive. There are studies evaluating the effectiveness of a certain plasma
cleaner for 20 days, and it was found that it did not affect bacteria and fungi in the air of the hospital ward®.
Marc’s study indicated that no statistically significant differences were found between the use of portable air
disinfection systems and the use of natural HVAC systems in two health care self-learning rooms*. Therefore,
in complex air pollution locations such as hospitals, proper selection of air purification equipment is required.
The combined application schemes demonstrated in this study do exhibit good synthetic ability, but this does
not mean that they are the best combination. This study hopes to give more ideas and inspiration to related
researchers and producers while providing a protocol for the use of a purifier and also to demonstrate an
effective method for the comprehensive evaluation of purifiers.

In summary, under a simulated heavily polluted environment, the combination of two kinds of purifiers
with different characteristics effectively improved indoor air particulate and microbial pollution and were also
fast and effective. However, failure to evaluate a real scenario is a limitation of this study. Further validation of
their actual effects in real-life scenarios is also required.

CONCLUSIONS

In this study, we comprehensively evaluated the effects of two air purifiers, alone and in combination,
by simulating the indoor environments with severe PM, S. albus, and influenza virus pollution. The results
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showed that HEPA and PNOI alone had limited effectiveness for purification. However, in combination, it
can obviously improve the purification capacity, narrow the purification difference for pollutants in different
positions and for different particle sizes and inactivate some airborne influenza viruses. Additionally, it has a
better purification effect on airborne microorganisms than ordinary UV disinfection.
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ih E MR S RS AR
RSN EEHRR
Numerical Study on Low-velocity

Waveguide Effect of Multi-layer
Structure in Earthquake Fault Zone

WR7K N /Yonggang Li

i K5 i E s
University of Southern California, California State-Wide Earthquake Center

ik 2

Yo B AR B A B AR 5 P Yk 5 R B AR X 0 % KAk 0% 5§ low-velocity waveguide (LVWG). BT &K
K F LVWG B R AW EREE, 5] FE KA ESHE (normal-mode) & XA LVWG R34, KA1+
WEBH A S BN R SR RAT AR E AL R, EREN, SEBREETE
BRI T B EAKR R 5 LVWG R BT, & 09 B7 B 140K, fault-zone trapped-wave (FZTW), AR B & 5% £
ook S V6 B KIRhE KA Lot B A R BAFAEAG Ik 5, JF BB HL B AN Rt@E{E, £ S k)G FZTW % 7
Haara L Pk £ S Mk B £ Z WAL (PSSP ratio) i@ % K T 1.2, FZTW &9 698738 = £ T % B4Rk k5
LVWG it F8IZ X E, 2R KOEAF BRI R ; FZTW K5 69630 = £ T LVWG ik iy
RE, BRBDIREE AR SME, SRR THERE T I, — LBk § Bk ik F LVWG
89 % B B RALBR S R L N F A KRG FZTW, Ad, BB F4F5 0 R4 B L2 ) Jkwéss (i, PSSP
Vo AR AT N T g 4o TAKEE 0% 5 LVWG A A8 R IR EJE R 7= £ 69 FZTW % %) 49 PSSP sbfh, & T X % #uk
EA AL B JUE RO E B Ea 5L 200, e 169 B AR BT B % BARiR K 5 LVWG
8 3% B R AR YR NG RAZ B 4 B 1) 42 49 W7 B F- 0k FZTW, 4 20T A8 /2 5 A7 Ao AL L BF 9T 32 89 K& FZTW 4
P BF FBKAE BT BB 09 KRR, B, ES AT AR IUR AR, RAVATF @R A b Y BR A
By BRI E AN F S K B 68 % ANkt i e AR 4K PSSP AR 69 7 & 50k FZTW 93] , vAsk
A R S E B A 0 R FRIR R
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ElE

1986 AFFHATEAL NI B L HEIR (Orovill) W)= , He BT 1975 4R A4 M5.7 Gtz , RS FLIT R =
230 B M Z ) T vertical seismic profile (VSP) BFZNSEEG | B IR & BRI 257 (Love-wave type) HIKTZ
T YRR S S E T2 N iE s bR B SR TE S P EIIR S H IR A A 2T ] 1
BABEERERS . bR, FRATEMIMNIA 7 dE/R 8 (Parkfield) Fffir 362245V BT 872 San Andreas Fault
(SAF) 2235 R Gl MM i A0 B & 2B 7E SAF BRI & 12 8 s sl 2B 3, i se i
PAE S U Je HAT R AE A8 S M I R 22 ek [ 98 81 1 Uk 9k i 44 i W 2 B 0% , fault-zone trapped wave
(FZTW), S FR 2 S fault-zone guided wave'*'>'% 272

Hb S N A AE O BT 28 B b Al L E R BB B IR o BT T A R R A T b 22 S ()5 R
AL R e FLBR A R T 1 By *" 0 20 T R AR T2 D A A P AR S B RIS, TR IR SR Ak
5 Low-Velocity Waveguide (LVWG). 4E i AWrZ LVWG, 7RI Z 5wl Bla i A iy 2k
S AR AR FH = A KR I R S B T2 53 FZTW, LRI . AR R IR o Z U W72 i LT IR
FERPERT > ST IR R AT AL BT A SR  WT2 S FZTW, K58 B T RRA T — A T 2
N A o

AT R FH B R A a9 W) BLEE S, R & JE S (propagator matrix) EUHE AL #H 715 | YL AEL (rapid
phase-shift) 2R H1 Love RS ARPREL °, LA S IR 7 AR gk S0 (34950 AR R8s A TEBR 25 [ . P4 T
WrJZ T ) G A ET MO SR FZTW ., ST R S50 45 W7 23 i 240 0 3 RS R AL R B, DA%
R ERIAZ W 5 Sl AT T 2 A 6 FRATT A P 3 A e 7 B A S 31535 i SH/Love ZE ALK 2 0 |

TE—Br i Bl L5 2 ZAEZU TR MM G iRk FZTW BOEEEARWI& |, 2R3 W2 R8I 5 A9 0
RFEANYIVE . 1992 AF R NN S0 AE VL2 F8HT (Landers) %22k M7.4 23R | SUT 1999 4R7E#f 54T

71X (Hector Mine) A& /f 7.1 RHFE . B I5 TRATTAE M RE T 20 2407 A0 B AR N 2600 S W7 2 S 0l =
YA BR 22 73 BEAUIC SR B FZTW Y | 820 B U R TR B8 1Y) W7 S22 1 4 N AR A A BRI 3 . B S
FATHE—HAF Parkfield 3¢ 2B AUY W )2 LA & Landers £l Hector Mine Wi /2 il 2477 JT i B 52 Hh 72 5256
B 7 T2 ) R A 24 R S RIS R A 202,

T2 SR 5 AL T S 240y 1) — - T LRI AR AN PR 5 i ] R B 2L 1) i A B AT T A7 W 2 kG
NG5 BA E B S, JFATRE N —SEXE IR B R IR S 80 an - Wi “FABETE”  (asperity) Fll “REZR”
(barrier), DA N N2 [l NGRS HH L BRI 09 B BRATIAE “fmax” $RALKEE . SORA B S0 =R 5 E Y
Hu TR Bh R > 2 Brune (1970) © HRA LI F 1 560 75 i PR S0 SR 1 AR O | AR
5] ~10 Hz I IEAR . Ida (1973) " K3 AN ERE AT R M e 0 RR SRR, , I 76 Al (9 1 B2 554 (slip-
weakening) AL H G S FS 5 De o 10em #:9¢, Papageorgiou Fl Aki (1983) ™ #ax M IES% I
KT R FIHIX (cohesive-zone) BYJLAIRUE R/, PIER X AEWT 20 240 5 vl 4 25 ) - I 3119
fEM. Kinoshita (1992) * JEMI RS HIY fmax AI7E 10 2 40Hz Z[HEAL, HAKBRHCT R X LAy
REE . H4E Papageorgiou Fll Aki (1983) * URZIRAEAL , XA~ “fmax” JEF ATAEXT T 50m % 200m %
JEE R, BT, Ferry 58N (2024) 738 BB I 5T [ R W7 23 A0 A A 58 55 R B 1 O 1k S H v il 54 8
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SRR o ABATILE R W2 R T U RSN TR L X 2 W B IR R T i, BV e S0 i AR e A
W2 AR FC A FH (L A BT ) (supershear) 72 UHE AL . PIMTSRIA 1 Ks £ W2 105 FLA A Bz (8] 42
AR EAR A AR X B E B

Wil T 25 )2 45 Fe Sl BT 2 S 0 B AL U i

Li f1 Vidale (1996) " 8% {8 F§ —4E4g PR 2% /3 BEULRT 22 0% FZTW B 5% 45 F AT R A &2 2 T2 45 F4 il it
JTEREERT WL AL 5% FZTW 38 BTS20 , I B s IR RIS &5 0l 25 8T 2 A BE S 35, FZTW %
G P RN BN 1 5540 DA SR 2T PN AR 2 5 ) L 2 B X LU BE AR R 25 T FZTW SE Rk i
ISR . FESCHT R W2 FZTW B b Bise W R I 5 LVWG PR iy J0 8 B8 0 Q B2
BISI0 . SR, R b7 i S BR A7 %) Wt 238 8 A [R) TR B pR AN [ AR08 R PR R A AR L, T S TR
FEADCH) 2 2RI T LVWG ., A U =4 IR 220 AT 6 U RR K], 7R 222 3 0 A i)
W2 S0 FZTW BB Rsgm . —24e A B2 B A o] Lok By, fEasal Loy By, o5 = 4izs |
RGN A0, — AERR rh v A AR B R Q fEU T LME AR ™% TR x-y-z AR R
400 x 400 x 400 FRITRAE , WA [AIFE N 25m, Bl — i . KEAVRE A 10km B2 71k, TR
JEIGARN , LERRA R EE N 20 AR, BN 0 G T 8 AN IAR AT, [ AR I KON (dispersion
effect) fe/IME *0 Z)2NHNE T LVWG BB 7ERBh i, BRI AL 2 R gL, —4ERTARa & U2
RZJREE N 2.5km, WA 10.1a Fi7n . MWTUZEEZ (L1 £ L4), )ZN0% P % (K% S 3% ) 2 5h
3.0 km/s (1.5 km/s), 3.5 km/s (1.75 km), 4.0 km/s (2.0 km/s) 1 4.5 km/s (2.25 km/s), 200-m F& (1) 22 )2 L
P S A B B 2R R s A R R LVWG N P RS 5 L 2 R LA T e S AR A1
50%. TEEHER ARSI LVWG Y4008 & bR FE A 50m, XA = ZESS A b (I
LVWG e A %74 2Hz & 10Hz [IWHZE S FZTW ., YRR R R 25m, W12 NG S K 0.75km/
s, 1 S AL FZTW WY f s M4 6Hz, W2 NI P IGHE D 1.5km/s, &8 P AL FZTW 15 s M4
12Hz, = L5 R Q H 5 IR A 5. 3 | R BIRISEL  AERIR il B — S B & 7R (double-couple
source), e RAR S CAE M A 00, HFf 90° |, Hiff 0° o FoATId X Lo RIS 805 b ZE S FZTW, B
FEWTZ A ST 2 )2 RS A B A0 (waveguide effect).

2 PR S AR — Ay RS 5y A R T2 3 FZTW

SRR T PR IGE I S LVWG 7™ i A iz e FZTW

T, FATENT A LR AE (2 10km R B2 W72 ) DU JZ AR I 3 LVWG R I 3 X 72 33 1)
WFRON . B la 8 B AP & —> 200m $E . 10km IR PUZ R3S LVWG, A L FRE difRh
L1, L2, L3 Fl L4 U2 . BZIREN 2.5km, £ 1 5 H UJZ LVWG B R &2 AR P ik, S
PR Q (. R (ZLEFRIC ) T LVWG N, FEERM Skm F1 10km; FH 7% U5 2505 25 W 2 1) b e 4
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# 1. DUEGE R 5 IR S8 (Model Parameters for Multi-Layered Low Velocity Waveguide)

BRI E (model parameters) J2£ 1 (L1) )2+ 2 (L2) )2 3 (L3) J2 4 (1L4)
JZIRIREE (depth of the layer bottom, km) 2.5 5.0 75 10.0
H S0 (waveguide width), m) 200 200 200 200
P TP L (waveguide S velocity, km/s) 0.75 0.875 1.0 1.125
P FREPHE (waveguide P velocity, km/s) 1.5 1.75 2.0 2.25
HF Q {H (waveguide Q-value) 30 40 50 60
FBl A B3 (wall-rock S velocity, km/s) 1.5 1.75 2.0 2.25
FEl A B B (wall-rock S velocity, km/s) 3.0 3.5 4.0 4.5
[il% Q {H (waveguide Q-value) 90 120 150 180

WS AT LVWG N &t ST25 (5@ = MIEAric ) B iEsr o 0. Skm F1 10km. 72 #4201
FI G R 50m, £L ST FIRE AR NHE IS LVWG WALREERE , RESZIRIE LVWG
0 e T ] B A S5 22 1 %) 30 AL AR i A B B A . T 1a AT s R R R AN 3R ok A A7 F ST25 B ubiE T
J5 Skm F1 10km TR EEFRIRAY & RPN ZFE 12 . bR Fdl 2 Fd4 WERE 5 5 3RS TR IR 5 vl
ST25 Z[H] LVWG £ )2 (L1 % L4) PNAGHEI HIR I I #E . b Frl & Frd RRZ03RR 1 LVWG
HZ L1 % L4 R Sl Bl B B ARG A S S 2 A%, BT8R E UG S #E A LVWG H45 )2,
oA Fzl & Fz4 ILLZ0 5 RTE LYWG 25 2 A1 Bl il 7t b ROFHE 2, BATE LYWG #4522 N AH
FreE W2 S FZTW 351

b SR AR5 5] 1a FhoAS AU 58 A B 1 T J 2 2 U PR A 0 S ) = A PR 22 93 6 I I K 24 <5Hz
VI 8 1Y) T o i AT A i R EAR B ZR IR INEUE 3 LYWG 585 200m, T 2k
LS 055 P AN S P BIAIT H] o TE H 4R Z 53 0 578 2 IR 3 N AGHE I B IR S I 33k i
] o A TAREE T LYWG NG b ie g B IR A R LL i ] A 23 FZTW 381 5 i 1A% sl g Ik
() FZTW YR IEAE LT CAE R PR R K- b S JJG FZTW FRLRI ] S 9 21 (6 K46 2 2R
FZTW JAKBE o X EE7E LVWG P RS IEAR T 77 A 1 FZTW s b 2R . flan, sk AfiT
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MR, Hulh ST25 10 FZTW P80 H HBIXT R F LVWG PUJZ (L1 £ L4) MU ERIFIE(E , kA
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LVWG PN A RER B R 6 A K B 22 TR 9 FZTW 358119 PSSP HUE 1.8-2.0 (S LA 1b). Bt , 3841
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ABSTRACT

WeChat as the most widely used social media in China provides a platform of communication for
overseas Chinese to remain connected to their homeland as well as among one another. It enables them to
maintain a court of public opinion wherein to express views, engage in debates, and entertain sentiments.
This paper focuses on a zone of error shared by overseas Chinese over the court of public opinion
afforded through WeChat. It describes what zone of error is, analyzes how overseas Chinese overreact to
issues from China while neglecting matters in their present life, and explains why lacks of involvement
coincide with assumptive judgments, groundless assumptions with autocratic personalities, and personal
autocracy with reality disengagement. A critical finding is this: The zone of error is an inevitable trap for
first-generation immigrants. It takes at least a generation to crawl out of the trap when second-generation
immigrants perceive their birthplace as home.

Keywords: Public Opinion; Social Media; Immigrant Entrenchment; Autocratic Personality; Zone of
Error; Overseas Chinese
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INTRODUCTION

Launched in 2011, WeChat has been operating as a multi-purpose vehicle for communication, ecommerce,
and social interaction. On a par with Facebook by monthly active users in more than one billion, it makes the
Chinese all over the world connected with one another through its social media platform! & 8 1416, 24,25, 32,34, 35,36

Before WeChat, the Chinese follow the grapevines to share their personal views on current affairs in
the shadow of the official media. With WeChat, they find a tangible court of public opinion to entertain their
thoughts, positions, and sentiments on issues from work, school, and life to politics® % 3!,

This paper studies a zone of error observed among overseas Chinese over the court of public opinion
afforded by WeChat. It describes what zone of error is, analyzes how overseas Chinese overreact to issues from
their past home of origin while neglecting matters in their present home of life, and explains why lacks of
direct involvement coincide with assumptive judgments, impositions of groundless assumptions with autocratic
personalities, and exhibitions of personal autocracy with reality disengagement. A critical finding is this: The
zone of error is an inevitable trap of discourse for first-generation immigrants. It takes at least a generation to
crawl out of the trap when second-generation immigrants begin to perceive their birthplace as home.

CONCEPTS

This paper touches upon a broad issue. To clarify its focus and purpose, some definitional work is in order
on three keywords: overseas Chinese, court of public opinion, and zone of error.

Overseas Chinese are Chinese who reside outside Mainland China, Hong Kong, Macau, and Taiwan.
By citizenship, they are either Chinese or foreign citizens. Ethnically, they include Hans and Non-Hans,
such as Mongols, Tibetans, and Uyghurs. In terms of residency, there are both foreign residents with Chinese
citizenship and Chinese residents of foreign nationality” !> 1526,

The court of public opinion refers to a common domain or public sphere in which individuals express
views, exchange ideas, debate issues, entertain sentiments, and share experiences. Inwardly, it spreads across
the perceptive consciousness of individual attendees. Outwardly, it traverses through the mass media of
social mainstreams. A court of public opinion feature attitudes toward work and professional careers, tips for
relationships and everyday life, viewpoints on government and current events, reflections upon fates and human
destiny, and thoughts over everything else between life and nonlife, this world and the otherworld, hell and
heaven9, 10, 21, 28, 34.

Before the era of social media, a court of public opinion is more of a perceived common field owned
by a group of individuals who communicate through the grapevines or around a teahouse, bulletin board,
local newspaper, or radio station. It is sporadic and elusive. With WeChat and other social media platforms,
communications become spontaneous and constant. Courts of public opinion turn tangible to their participants.
Overseas Chinese now feel they share an actual court of public opinion over distance, across national borders
and generational gaps. They navigate the court with their characteristic identity, sharing their unique ideas,
outlooks, and experiences® 233,

The zone of error is a range of space where one falls in error with respect to one’s view, judgment, or
choice. It is relative because it depends upon issue, time, space, and a combination thereof. A view is erroneous
on one issue yet being true on another. A judgment proves wrong at one time while turning right at another. A
choice appears to be a mistake under one circumstance but seeming to be a correct option under another. There
is, of course, an absolute aspect in the zone of error as well. One makes the same mistake again and again
regardless of the occasion. People commit the same error collectively irrespective of the time. A zone of error
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is characterized as shared by overseas Chinese because it is where they tend to err on issues concerning China,
Chinese, and their respective places of sojourn, residency, or citizenship! 2% 2% 3138,

METHODS

This paper follows three WeChat groups of overseas Chinese in the United States in the past five years
to study how each group serves as a virtual yet tangible court of public opinion and what zone of error each
group falls in as shared by its membership. The author belongs to each WeChat group. He observes member
communications by an average level of participation.

Group 1 consists of members who claim a province of China as their common place of origin. Group 2
includes members who call a university of China as their joint alma mater. Group 3 is composed of members
who all connect to a university of the United States as its faculty, staff, students, or communal residents.

All three groups are at the official maximum of 500 members. Membership composition seems to be
comparable. Age runs a spectrum of 20 to 70. Gender remains balanced between men and women. Education
ranges from high school, undergraduate learning, and graduate study to professional training such as medicine
and law. Length of stay in the United States varies from year 1 for young students to year 40 for longtime
residents. Residency or citizenship involves permanent U.S. residents, non-U.S. residents, Chinese citizens, and
U.S. citizens'2%32,

FINDINGS

Members come and go. Postings appear and disappear. Exchanges accelerate and decelerate. Atmospheres
fire up and calm down. Indeed, things take place on WeChat both instantly and constantly® 1 16 18.27.28,32.35. 38

A Virtual yet Tangible Court of Public Opinion

On WeChat, a group appears real in physical existence. Members literally utter and hear voices across a
group-owned collective field. Communications run real as objective phenomena. Participants straightforwardly
make and take words over a community-shared common platform.

It is virtual. WeChat gathers individuals in cyberspace. A group consists of hundreds of members under a
title with which they become identified. For example, XX university alumni association serves as a sign under
which graduates from XX university come for exchange of ideas, feelings, and experiences. One enters a group
with one’s WeChat name, such as clear water and blue sky, which offers no clue as to who one is. A group
hence usually requires its members to identify themselves by real name with information pertinent to the group,
including major and year of class in the case of an alumni association. Members obviously do not meet face
to face across any concrete space. Nor do they interact in person during any specific time. Yet, they describe
things, tell stories, and create meanings as if they were at a definite locality, staying committed to symbolic
interaction. They explain events, debate issues, and make senses as if they were in an exact period, remaining
immersed in a public discourse.

It is tangible. WeChat connects people to a viewable stage. Unlike printed media serving as a court of
certain conservative ideas, it does not make users search a pile of newspapers, magazines, and books for
inputs and inspirations. WeChat links people to a perceptible platform. Different from broadcasting channels
functioning as a field of some liberal thoughts, it does not force members to tune to a set of radios, televisions,
and films for expressions and outputs. WeChat engages people in a feelable circle. As social media featuring
exchange of opinions, it gives participants a consciousness that they are in a touchable place, uttering and
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hearing voices to and from a resonating audience, a feeling that they are at a conceivable time, making and
taking words to and from relatable actors, and an experience that they engage in meaningful communications
with palpable players over ongoing social affairs. Indeed, a WeChat group, each member hereof, and everything
therein are real, constituting a complete court of public opinion with all necessary elements, from live persons,
concrete things, and a peculiar time to a specific place.

Messages

In a WeChat group, messages come and go by a variety of types. Entertained throughout the WeChat
court of public opinion are news, stories, advertisements, reflections, commentaries, moral directives, religious
teachings, political ideologies, and social advocacies.

WeChat messages vary in terms of content objectivity. Objective messages include diaries to record
daily routines, news to report current events, accounts to describe trips, documentaries to feature incidents,
commercials to present products, brochures to introduce places, briefs to summarize projects, or stories to cover
people and things across a territory or over a period. In comparison, subjective messages involve morality as
to what actions and ways of life are moral or immoral, religiosity as to how Allah, Buddha, or God create
and guide humans toward their destinies, ideology as to why one type of political economy or system of
civilizations is more advantageous than another, and advocation as to when or where particular social groupings
or movements are in order to rise to occasion for promotion or resistance. Obviously, objectivity or subjectivity
is not something absolute on its own. It runs a whole gamut from objectivity to subjectivity. In between lies just
more or less objectivity relative to subjectivity, vice versa. For example, news report events with both objective
facts, such as time, place, persons, and things, and subjective elements, including praises, criticisms, wishes,
and damnations.

WeChat messages exhibit different intents with a changing degree of intentionality. Messages of
strong intents either advance something or attack someone. Negative messages to attack China, the Chinese
Communist Party (CCP), and the Chinese government or vilify Chinese, Chinese bureaucrats, and Chinese
leaders top the list with the strongest intent to achieve the highest effect of negativity. To an extent, there are
natural motivating factors in the court of public opinion that glorify exposers, criticizers, and attackers as brave,
sharp, and critical individuals. Then come positive messages to advance capitalism, democracy, and Western
ways of life or celebrate renowned scientists, politicians, or industrialists. To some degree, there are automatic
restraining forces in public consciousness that hold admiration and flattery in check because excess makes
admirers and flatters look awkwardly uncritical or embarrassingly out of character. In between are regular
messages to present individuals, describe things, explain events, or justify actions by varying levels of positive
overtones or negative overtures. For example, an album is featured with a positive intent to show how beautiful
an artist is in his or her voice. A debate is launched over an incident with a negative intent to show how corrupt
officials are across governments in China.

Functions

A WeChat group as a court of public opinion is for members to send and receive information, present
and hear ideas, express and entertain feelings. Functions hence range from connecting, sharing, promoting,
fundraising, and assistance-seeking to identity-maintaining.

Connecting is basic. Members form a group for connection. They initiate a conversation, respond to an
appeal, or remain silent. They may also opt to subgroup communications by forming a smaller cluster or to
private dialogues by engaging in one-on-one contacts. Sharing is a norm. Members attend the group so that
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they know what succeeds or fails, understand why someone gains attention or loses credibility, and witness
how something materializes or turns from positive to negative. They visit the court of opinion to befriend
people, gather inputs, and embrace a community while facing challenges, contributing outputs, and cultivating
their unique characters. Identity-maintaining is part of any group. The sense of belonging defines who one is,
how one compares to others, or why one feels proud of one’s identity. In voluntary terms, one jumps onto a
group wagon simply because one finds an avenue to enhance one’s social standing.

Promoting is purposeful. One puts out an advertisement to sell a product or service. One sends an
announcement to introduce some religious practice, a moral way of life, or a module of physical exercise.
One spreads propaganda to galvanize individuals around an ideology, a political party, or a social movement.
One takes a series of steps to make people commit to an adventure, a cause, or a pursuit. Fundraising goes
after money. One pleads for donations with a moving message that someone is struggling upon a surgery.
A subgroup organizes a fundraiser for money needed to defrost a fieldtrip or for supply necessary to aid
participants of difficulty in an activity. The whole group initiates a campaign to collect funds and materials in
a disaster or pandemic relief effort. Assistance-seeking is specific. One asks for information as how to reset a
smartphone, where to get a cheap haircut, or when to see a full blossom. One seeks professional advice on work
permit application or tax preparation. One solicits ad hoc assistance such as finding an apartment before arrival
or looking for sponsorship of an academic visit to a university.

Subjects

In the WeChat court of public opinion, attendees make their exchanges on various subjects. Illustrative of
their opposing positions and sentiments are these subjective topics: China, Chinese, East, Eastern civilizations,
the United States, Americans, West, and Western development.

Attendees are all Chinese, claiming China in the East as their homeland and the Chinese culture of
Eastern civilizations as their heritages. China becomes a natural center of concern. One side embraces China,
attributing their rearing to China, feeling excited about good news from China, and taking actions to benefit
China. The other side opposes China, attacking the Chinese government as a one party-dictatorship, exposing
Chinese officials for abuse or corruption, criticizing China over a range of issues. The “Chinese” automatically
falls under the limelight of scrutiny. There are members who regard Chinese as intelligent, diligent, and law-
abiding, celebrate Chinese achievements and contributions, and promote Chinese reputations and positions in
larger society. There are also members who compare Chinese to other ethnic groups as being less conscientious
or contributive, spread news implicating Chinese in thoughtlessness or materialistic greed, or tell stories
blaming Chinese for disunity and political apathy. The same holds true to the East and Eastern civilizations.

WeChat members live in America. The Unites States appears as a central subject. Members in support
of it love everything about the country. They admire its political system, from freedom of speech, democracy,
and open media to rule of law. They enjoy its economic affluence, reflected in consumer markets, recreational
amenities, and sociocultural infrastructures. They feel proud of its leading position in the world, as either
the forefront of science or the playground of international relations. Members critical of it point to economic
disparity and racial division faced at home as well as aggression and sabotage committed around the globe
by the United States. They spread news about violence, political corruption, and homelessness in their
jurisdiction. They tell stories documenting their own experiences with racial biases, discriminations against
people of foreign origin, or even hate crimes. They blame the United States for wars in countries like Syria,
Ukraine, and Yemen. “American” arises as a subjective topic for heated discussion and animated debate. There
are feelings of like and admiration. Members like Americans to be open and generous. They love Americans
being fair and serious about rules. They admire Americans for their creativity, spirit of adventure, and strive
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for self-actualization. There are also sentiments of fear or dislike. Some fear Americans to be manipulative,
exploitative, or discriminative. Some holds an unfavorable view of Americans as lazy, talkative, and discursive.
Some dislike Americans for their arrogance, indulgence, and materialism. The same applies to the West and
Western ways of life.

Objects

Within a WeChat group, members engage in communications over different objects. Featured in their
contrasting approaches and attitudes toward objective issues are work, job duties, organizations, life, foods,
medicines, and communities.

Working overseas, WeChat members do not usually talk much about their current work, job duties, and
affiliated organizations. There are natural concerns that general complaints cause real troubles or unnecessary
worries. There are instinctual fears that exposure of specific persons or incidents comes with immediate legal
effects or unexpected economic repercussions. There is further a consciousness that an account of negative
experiences reflects unfavorably on one as incapable of doing one’s job, adapting to one’s work environment,
and steering one’s professional career. The safe take on the matter is to remain silent, even when one excels on
job and achieves known successes in one’s area of business for just a normal show of personal achievements
can be assigned to self-promotion. On the other hand, WeChat members tend to be vocal, critical, and cynical
toward their past work in China. Reasons are apparent in terms of time, distance, and substance: It is in the
past, with no connection to the present; It is far away in China, with no effect on what goes on in the United
States; We know it is bad there, that is why we are here; We understand it is low then because we experience
high now. Indeed, it is sufficient to keep a feel of growth and progress at present by looking down upon the past
just as it is necessary to maintain a sense of advantage or supremacy overseas by downplaying and denigrating
everything back home.

Living in the United States, players over the WeChat court of opinion like to show foods, exchange
information about health, and spread news on communities. Compared to work that has to do with an
employment organization, life is in one’s own hands. Food is a multidimensional object. It reflects a set of
living skills and a type of lifestyles. Cooking foods at home reveals one as an able spouse. Dining in restaurants
links one to certain social classes. Health draws broad interests. It is about loving, respecting, and promoting
life. Loving life, one exercises, engages in recreational activities, balances diets, and maintains positive
outlooks. Respecting life, one moderates drinking, refrains from smoking, resists drugs, and keeps self-
discipline. Community showcases one’s standing in the new society. What neighborhood does one reside
in? Does one get along with neighbors? Is one familiar with amenities and opportunities available in one’s
community? All these speak of one’s economic conditions and cultural assimilations to the social mosaic of
America. Regarding the past life in China, WeChat participants are overall quite reticent. Obviously, one would
not like to revisit one’s old living experience if one lives now under a situation not so much better than before.
One could not make any difference in one’s current living by either romanticizing or demonizing one’s life back
in China. The best is then to forget about the past back over homeland and focus on the present right here in
America.

Participants

Members of each WeChat group do not roam just individually in the court of opinion. They gather around
topics and issues. They cluster over positions and arguments. When clashes intensify, neutral information is
poured in to put out fires. Where subgroups point fingers at one another, a few onlookers only need to crack a
joke or yell out a reminder as to what the group is to prevent the situation from further escalation.
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Attendees line up to form an army to attack Chinese, China, and things related to both. They usually begin
with a lone Chinese, a shopper sorting through a whole box of fruits just to buy one, a housewife stockpiling
masks on the eve of the Covid-19 pandemic, or an old man accusing a bystander of pushing him down to the
ground who assisted him on the street. A barrage of criticisms and condemnations ensue, creating a narrative of
Chinese as if they were all selfish, greedy, and unconscientious. Attackers sometimes kick off by a hearsay or
news headline that a factory releases untreated wastes to a river, a group of market inspectors force merchants
out of business, or a local government conspired with gangsters to extort peasants within its jurisdiction.
Upon a real or fake incident, a wave of debating or bickering expands, engendering a portrayal of China as a
backward, lawless, or repressive country. The CCP is certainly both starting and ending points of any negative
exchange in the WeChat court of opinion. It is always dealt with the full power of bombardment, especially for
its systematic censorship of mass media, all-way surveillance of people, and exclusive control of government.
Interestingly, neither a blaze of cursing Chinese nor a burst of attacking China subsides or goes extinct because
it meets with opposition by defenders of Chinese or supporters of China. It often takes merely a series of
neutral messages on arts, travels, or cuisines to push a tense fight off the court at WeChat.

Participants stand out in rally after rally to glorify Americans, the United States, and issues regarding
both. They tend to start off abstractly, by the stereotypical image of the United States as a land of individual
freedom, open press, representative democracy, and market economy. When positive events happen, from
scientific breakthroughs, technological innovations, and cutting-edge products to state-of-the-art facilities, they
are attributed to the institutional supremacy of U.S. civil society, political economy, and cultural framework.
Where negative things exist, including racial discrimination, drug abuse, and gang activity, they are brushed
off as incidents common to all free societies. About Americans, WeChat members are inclined to tell stories
from everyday life. A couple who already have their own biological son and daughter adopt a baby from an
orphanage in China. A family serves as a host for Chinese students year after year for free. A stranger helps a
Chinese newcomer change a flat tire on a freeway. Case by case, Americans are portrayed to be nice and noble.
Incident after incident, Americans are looked upon as law-abiding and responsible. Abusers and criminals
seem to be living only in movies. Prejudice and discrimination appear to be of fiction than reality. Noticeably,
either beautifying Americans or glorifying the United States does not fade or die as it faces challenges by
opposing viewpoints. It usually needs only a sequence of factual postings such as breaking news and event
announcements to blow a heatwave of admiration or worship from the WeChat sphere of opinion.

ANALYSES

Inherent in phenomenon, there is logic or a logical connection from place to place and from time to time.
Underlying existence, there is truth or a truthful chain of cause and effect. As far as this article is concerned,
are there reasons and reasonable themes or pattern above and beyond findings (Shaw 2019; Zhao et al. 2019;
Kareem and Amjad 2020; Ruan et al. 2021; Su and Xiao 2021; Harwit 2022; Zha 2022; Liu 2023; Yang et al.
2023; Jordan 2024; Zhang 2024; Xu, Zhao, and Wang 2025; Yan and Schafer 2025)?

Participants

WeChat members differ in their expressions over the court of public opinion. They clash on ideas,
sentiments, and attitudes within the communicational sphere of their own group. Analysis therefore is in order
regarding membership backgrounds.

Here in the United States, WeChat attendees break down into newcomers vs. old timers, students vs. non-
students, business owner vs. non-business owners, employed vs. unemployed, well-off vs. struggling, and other

> 84



ZF 5851 / ECONOMY AND MANAGEMENT

contrasting categories. Newcomers feel excited about what they see on the surface in their new environment.
Greeted warmly, they develop generally positive impressions about Americans. Floating over reality, they
embrace a period of honeymoon romance with the United States. Old timers, in comparison, live long enough
to know Americans as classmates, workmates, business competitors, or neighbors. They experience things
in a sufficient variety, frequency, and duration to understand the United States as a country of prosperity and
poverty, freedom and control, generosity and greed, or commonly positives and negatives. Another important
contrast is between well-off and struggling members. Well-off ones have stable sources of income, secure
fields of professional activity, familiar networks of social engagement, proper channels of communication,
and applaudable styles of life. Their struggling counterparts, on the other hand, rush between job and school,
stay on and off work, move in and out of places, or constantly face the challenge of making ends meet or just
staying afloat in life.

There out of China, WeChat participants originate from anti- vs. pro-China, Chinese, CCP, leadership,
and other opposing groups. China antagonists include ethnic separatists who hate China for its rule over their
home territories such as Tibet and Uighur, Hong Kong aspirants for autonomy who lament about China’s
exercise of sovereignty over Britain’s former colony, and Taiwan independence elements who advocate for
international recognition of China’s self-claimed renegade island as a nation-state. CCP opposers go back as
far as former members of Kuomintang who lost the rule of Mainland China in 1949 and come as recently
as current practitioners of Falun Gong who failed to gain legitimacy in their home country. Foes of specific
Chinese leaderships gather opponents from Mao’s, Deng’s, and Jiang’s to Xi’s. For example, exiles from
Tiananmen Incident on June 4, 1989 remain critical of Deng and Jiang while holding their remembrance to then
CCP Secretary General Hu and Premier Zhao. On the side of support, WeChat members love China because
it is where they were born and raised. They defend China out of the simple reason that they have parents,
relatives, and friends living there. In a similar line, WeChat partakers like Chinese for they themselves are
Chinese sharing so many things from language, ways of thinking, and culture to approaches to life. They rally
around Chinese as one people due to the basic fact that negative publicity and malicious vilification forced onto
Chinese either shower upon or trickle down to themselves as individual Chinese.

Ideological Divides

Players in the WeChat court of opinion cross ideological divides from childhood socialization to youth
exploration to adulthood stabilization. On the one hand, they learn and practice communism, socialism,
Marxism, Leninism, Mao Zedong Thought, and Deng Xiaoping Theory. On the other, they read and experience
capitalism, civil liberties, democratic processes, and market dynamics.

Ideology divides WeChat memberships as it does so among other crowds. Individuals who believe
in Marxism are critical of the American society. They eye on America’s rampant drug abuse, widening gap
between the rich and the poor, and various other social problems such as racial tension and gang activity. With
no sight of a U.S. solution to these societal diseases, they solidify their view of China, its pursuit of socialism
and ultimate strive toward communism, as not just a viable alternative, but a realistic path toward social order,
world peace, and human progress. A far as Mao Zedong Thought is concerned, followers seem to focus more
on Mao’s hardline yet strategic stand against the United States as an imperialist power than his specific ideas,
especially in the present duel between the two countries. The same holds true of Deng Xiaoping Theory.
Whenever U.S.-China relations turn confrontational, with confrontation escalating in particular, a considerable
number of WeChat members begin to blame China and its current leadership for failing to adhere to Deng’s
pragmatism of hiding one’s capacities and biding one’s time. Interestingly, few stay in the middle ground to
reconcile communist ideology with capitalism.

Members who advocate for Western ideology spare no effort to criticize China for its aversion of civil
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liberty and democracy. They point to the CCP as the culprit in misleading the Chinese with a hollow dream of
utopia at the expense of individual needs and rights in the real world. They target the Chinese government over
its abuse of power, corruption, and negligence of public welfare to the benefit of social control and bureaucratic
sustainability. Pertaining to the core of Western ideology, participants in the WeChat court of opinion cite cases
of censorship in which foreign journalists are kept from reporting sensitive events, news briefs are surveyed
to weed out unfavorable contents, or investigative journalism is tamed to stay off certain circles of power.
They expose incidents of civil rights violations where city residents are forced out of their homesteads to make
way for new development projects, peasant workers are given no pays for months of labor on construction
sites run by state enterprises, or civilian petitioners are prevented from presenting their complaints to higher
levels of government. They even make accusations of abusive, corruptive, or negligent conducts against
specific agencies and officials. For example, a county bureau of environmental protection opens one eye and
closes one eye to local restaurants using low-quality ingredients or a ranking official engages in love affairs
with his unchecked power. Noticeably, almost none likes going between Western ideals and socialism or
authoritarianism to please both sides or just not to irritate either one.

Cultural Clashes

Across the WeChat court of opinion, some members express their favors for Western ways of life,
emphasizing material conditions, legal regulations, and individual developments. Some state their preferences
for Eastern cultures, stressing spiritual cultivation, moral restraints, and self-discipline. The Chinese medicine
often becomes an epitome of the East-West contrast.

Eastern cultural practitioners spread teachings on morality and character-building. They exchange lessons
for Taiji and martial arts. When news of domestic abuse, drug addiction, or terrorism breaks out, they blame
America for its neglect of family and excessive materialism. Awareness of being different from the larger
American population gives them a sense of pride as Chinese for leading a unique life with a meaningful
purpose. Where stories about a poet leaving the chaotic city to resettle in a primitive forest or a monk
stationing at a mountaintop temple to experience harmony with nature are shared, Eastern cultural followers
activate their recollection of childhood or adolescence and renew their nostalgia for home and homeness back
in China. Consciousness of being identified with Chinese in China grants them a feel of comfort in keeping
their signature character and characteristics on the new land of foreignness. Indeed, Chinese, Chinese culture,
and Eastern civilizations define who they are, what they do, how they live, and whether they keep their souls,
purposes, and meanings while strengthening bodies, making secular pursuits, and attaining material goals.

Promoters of Western cultures know that they live in America and do not need to remind their fellow
WeChat members of the importance of observing laws, paying taxes, or keeping distance from colleagues or
neighbors on American soil. What they feel obligated to do is to expose some characteristically Eastern ways
of thinking for dragging individuals behind assimilation in the mainstream society. For example, the Chinese
deem it a virtue to keep things, whether it is mistreatment or discrimination, to themselves. They feel not
just fearful but shameful to report issues to the outside or complain unfavorable situations to the upper level.
Advocates of Western styles of life understand that they study, work, and live in the United States and do not
need to stress to anyone active in the WeChat court of opinion how much influence U.S. institutions, mass
media, and social customs wield over his or her thoughts and behaviors. What they think necessary to do
is to reveal the weakness of various typically Chinese habits or traditions on behalf of the whole ethnicity.
For instance, Chinese workers prefer bringing self-prepared lunches to workplaces and hence miss a natural
opportunity to network with colleagues at dine-out over the lunchbreak. Out of their parents’ wishes and
their own senses of comfort, Chinese men tend to look back home, China, for possible lifetime partners and
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therefore give up on a right thing to do, that is, marrying to an American wife, following her to better fusion in
the American social mosaic for a deeper American experience of life.

Immigrant Entrenchments

Living away from it, WeChat members like telling and hearing news or stories about their homeland. To
the degree that longing for home affects involvement in current affairs, the former becomes a trench. Struggling
on foreign land, WeChat participants hesitate to talk about issues or listen to utterances on reality. To the extent
that ongoing life is neglected by avoidance, the latter turns into a trap. Immigrant entrenchments therefore
feature an excessive recollection of home or the past in combination with an apparent rejection of reality or the
present.

There is no doubt that WeChat attendees pay excessive attention to what happens in China. Attention
does not matter with like or dislike. Likers spread positive news, such as a Chinese moral model serving poor
neighbors selflessly and China providing humanitarian reliefs in impoverished countries, whereas people
of dislike roll out negative information, whether Chinese tourists spit in public squares or China persecutes
outspoken intellectuals. WeChat members place too much interest in Chinese and China in the form of either
support or opposition. Supporters pull favorable headlines, from breakthroughs in science, completion of
a massive project, and adoption of new reform measures to launching of a spacecraft while opposers push
damaging postings, as scandalous as a high-ranking official keeping dozens of mistresses, as shocking as a
state enterprise losing billions of public funds in just one transaction, or as appalling as some private companies
selling harmful products. Naturally, good news blow in greater frequency than bad ones across the WeChat
court of opinion. Understandably, stories of detrimental effects lead to higher intensity in the minds of both
tellers and audiences. Indeed, it calls for some extraordinary amount of courage to expose a case of badness just
as it requires some unusual expanse of space to take in an exposed scene of negativity.

It is without question that WeChat players do not attain sufficient involvements in current affairs across
America. A lack of involvement manifests in a poor inventory of vocabularies used to describe and explain
issues facing the mainstream society. Drug abuse, gun violence, racial tension, and poverty sound remote as
they live on a relatively secured enclave of Chinese immigrants. Political campaigning, voting, partisan
bickering, and racial empowering look foreign because they have a hard time relating those to what they do
in everyday life. Involvement relates to acts and actions. WeChat members share much in focusing on their
own businesses, professions, and areas of study or expertise. They stay away from communal affairs, political
events, and social activities. As a result, they suffer from not just a general unfamiliarity with vocabularies
for, but also a specific non-acquisition of experiences with the real world of America. Psychologically, within
the WeChat court of opinion, members are too clever to touch upon issues about the United States, its legal
system, economic operation, and political mechanism for they know that errors in presentation expose their
inadequacies over surviving in a new country, which they instinctually hate revealing to their fellow associates.
They are too smart to discuss matters concerning America, American history, society, and ways of life since
they understand that mistakes over exchange exhibit their limitations in struggling to live on a foreign land,
which they habitually resist showing to their own people.

Autocratic Personalities

A salient exhibition in the WeChat court of public opinion is autocratic personality. What is it? What
features does it show? Are there any realistic factors and forces behind autocratic personality and its display in
public sphere?

Personality affects how one thinks and behaves. It determines what one becomes as a person. One with
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autocratic personality thinks as if one were an autocrat: One is smarter than everyone else or no one except
oneself knows how to think correctly. One speaks like a ruler: You listen while I talk; You utter nonsense
whereas 1 speak truth. One acts as a dictator: You follow my orders as much as I give you commands. One
feels one is on top, in the center, and at the right side of reality: Everyone else is down, in the periphery, on the
wrong side of history, and therefore can neither say things appropriate nor do things proper. In the concrete,
WeChat members assume that they know everything about Chinese and China as they dwell on issues
concerning Chinese or China. They tend to imply that Chinese are rude, morally questionable, opportunistic,
and not as civilized, professionalized, or openminded as Westerners when they criticize Chinese and Chinese
ways of thinking, working, and living. They look inclined to suggest that China is backward, politically
secretive, dangerous, and not as modernized, institutionalized, or democratized as Western states wherever they
point fingers at China and China’s policies, practices, and achievements.

Underlying these autocratic personality characteristics are five important factors or forces. One is about
origin. WeChat attendees are Chinese, born to and raised by parents in families of patriarchal tradition. A
signature feature of patriarchalism is that the patriarch is always right. Another concerns background. WeChat
players come from China, a country where one all-powerful party wields firm control of government and the
general population to strive for a utopian ideal, communism. The flagship nature of a one-party state is that
the party and party leadership can neither be questioned nor challenged. Still another regards reality. WeChat
members live on a land where they feel foreign and are treated as aliens. In foreignness, they lose interest
to delve into the American mainstream society. It is not uncommon that one says a lot about there and then
when one does not know what to tell here and now. With alienation, they seek an outlet to release negative
sentiments. It is not untypical that the more one talks about home or past, the more one takes it for granted that
one knows all about it even though it becomes more remote. The fourth relates to platform. WeChat is a form
of social media. Participants use the media to socialize, vent, or make an impression. Knowing that an audience
is there listening yet one does not have to face it, one becomes emboldened to say things extraordinary or
even outrageous like a leader, celebrity, or person of influence. The last coincides with opinion. Opinion
comes and goes. Sometimes it blows like winds. Sometimes it flushes like waters. To grab attention, one
naturally emulates a self-assumed visionary to put forth ideas that draw eyeballs. To leave some impacts, one
automatically mimics an ethnocentric preacher to spread messages that stir up minds.

A Zone of Error in Discourse

The most interesting yet significant observation of the WeChat court of public opinion is a zone of error
shared by group members. It is identified as a zone because it appears and exists in a court. It is referenced
as a zone of error since it involves and invokes errors in thought, speech, and behavior with erroneous
consequences.

It is a primary error that WeChat members as immigrants in America do not attend adequately to what
goes on around them in workplaces, local communities, and larger societies while putting excessive interests
into their past homeland of China. Neglecting current affairs has direct effects. It is likely that Chinese
immigrants forgo their due chances for gaining access to social resources. Failing to engage in ongoing
activities hold immediate consequences. It is probable that Chinese immigrants miss their rightful opportunities
to obtain upward mobilities. On the other hand, attention to the past is meaningless, leading to almost nothing
than an escape from reality. Interest in the homeland is useless, resulting in virtually zero than homesickness
detrimental to everyday survival. Moreover, attention to the past reinforces neglect of the present just as interest
in the former homeland strengthens disengagement from the current real world. The primary error forms a zone
of error when WeChat members express ideas, spread messages, exchange stories, and share feelings across
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their common court of public opinion.

It is a secondary error that WeChat participants living in the United States think they know everything
about China as a faraway homeland over the past while feeling they understand nothing about America in front
of them right now. The past fades in memory. Memory can never be so clear and reliable as reality. It is a false
consciousness that WeChat members feel they know China well for they used to study, work, and live there
or they understand Chinese in China sufficiently since they are their parents, relatives, childhood peers, past
classmates, former colleagues, and lifetime friends. The matter of the fact, however, is this: China changes
everyday and has changed markedly since any WeChat participants departed; and Chinese in China like people
anywhere change all the time and have changed noticeably from years ago when any WeChat members left.
In the meantime, the present goes on in experience. Experience is always as fresh and dependable as life. It is
a myth-shrouded misperception that WeChat members think they have no ways to comprehend America and
American ways of life because they are Chinese or they possess no means to grasp the United States and U.S.
laws, economic operations, political mechanisms, social institutions, or cultural dynamics due to the fact they
are born and raised in China. Studying in American schools, WeChat attendees know enough about American
education, culturation, and spirits. Working in American organizations, they understand sufficiently how
American labor, civil service, business, and professional community intertwine. Living in the United States,
they command adequate knowledge and experience about neighborhoods, communities, local jurisdictions,
states, the federal government, and their interrelations. Like its primary counterpart, the secondary error
converges in a zone of error where WeChat players entertain words about Chinese, China, East, Eastern
civilizations, Americans, America, the United States, West, and Western institutions throughout their joint
platform of social media.

CONCLUSION

This paper follows WeChat as a principal social media platform to study overseas Chinese and their
communications in terms of form, content, style, and feature.

Upon observation, three unique findings become clear. WeChat gathers Overseas Chinese in one place,
bringing them into close contact, not face to face nonetheless emotionally and spiritually. Within a WeChat
group, overseas Chinese share information, exchange ideas or experiences, and engage in discussion of
subjective matters or debate on objective issues as if they lived in one community as one people. Indeed,
WeChat functions as a de facto court of public opinion where overseas Chinese play both instantly and
constantly as speakers, storytellers, listeners, questioners, commentators, criticizers, or just spectators.

Through analysis, three significant features seem worth of notice. Overseas Chinese think too much
about their homeland as if they still lived there. They naturally assume that they know anything about Chinese
because they are Chinese just as they understand everything on China since they are from China. They
automatically feel they have an almost inalienable right or obligation to express concerns, voice opinions, or
provide support for matters involving Chinese and China. As a result, overseas Chinese tend to forget that they
live outside China. Indeed, they no longer know China as it is now nor understand what Chinese experience
currently back in China. Most important, they should focus on themselves, getting to know their new culture,
society, and country, and becoming involved in their present workplaces, neighborhoods, and communities.
Reflected in these related chains of acts and activities are immigrant entrenchments, autocratic personalities,
and a zone of error in social communication.

It is hoped that this paper will open a series of inquiries into China, Chinese social media, overseas
Chinese, and immigrant mentality. Unique conceptualizations will spawn fresh interests in research or point
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to new directions of study in established fields. For example, a zone of errors over a virtual court of public
opinion can shed light over communication studies while autocratic personalities and immigrant entrenchments

may inform theorizing in demography, sociology, and political science.
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