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ABSTRACT

Objectives: In order to evaluate the association between occupational exposure to chloroethylene (TCE) and risk
of non-Hodgkin lymphoma (NHL), we conducted a meta-analysis of retrospective cohort studies and case-
control studies and attempted to summarize the evidence of the association from molecular-epidemiological
studies and experiments with human cells.

Methods: In the meta-analysis, we restricted the analysis to those studies with data for chlorinated solvents,
degreasers, or TCE. Studies involving dry cleaners or launderers were excluded from the analysis because use
of TCE as a dry cleaning fluid has been rare since the 1960s. The data were combined using a random-effects
model to estimate the summary risks (OR and RR) and 95% confidence intervals (Cls). Molecular evidence of
the effect of TCE on human immune system were also reviewed and summarized.

Results: Occupational exposure to TCE was strongly associated with NHL among cohort studies (number of
studies=13, summary RR=1.33, 95% CI=1.04-1.70) whereas the association was not statistically significant
among case-control studies (number of studies=15, summary OR=1.10, 0.98-1.23). When exposure level was
considered, it became statistically significant for the highest exposure level (number of studies=5, summary
OR=1.70, 1.25-2.32). Molecular evidences showed that TCE exposure in human or cultured human cells may
cause a significant decrease immune cell subsets and changes in hormone levels related to immune response.

Conclusions: Our results from meta-analysis and additional molecular evidence suggest that occupational
exposure to TCE may cause NHL. However, unmeasured potential confounding and unclear dose-response
relationships warrant further study on the role of TCE exposure in NHL carcinogenesis.

Key words: Trichloroethylene, Non-hodgkin lymphoma, Occupational exposure, Cohort study, Case-control
study, Immune response, Biomarker
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* Gtwpl-(-'r(-:-Espeoinc} 9 1.59(1.27-201) 0,000 0.34 047 046
< Group Il 4 084(075117) 056 046 031 0.34
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| US Studies 7 122(088168) 023 036 076 0.35
- Longest duration 6 179(137-235) 0000 061 0.13 008
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Persson (1989) i * ;
Siemiatycki (1991) i U
Scher (1992) ! oy
Blair (1993) H _.— i
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Hardell (1994) —
Figgs (1995) —_—
Hally (1997) L
Tatham (1997) —yp——
Kato (2005) L 2
Fritschi (2005) _._
Miligi (2006)
Seidler (2007) | I '
Wang (2008) ———
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Group Il (~chlorinated solvents) & 107(087132) 051 021 071 070
—=m—— Highest exposure 5  1.70(1.25-232) 0001 0.35 0.46 052
i i Lowest exposure 5 099(083-118) 089 049 0.46 018
.

0.1 05 1 2 8

Fig. 1. Meta-analysis of the association between occupational exposure to TCE and NHL; (a) cohort studies, and (b) case-
control studies show individual study results and summary risks for all studies and subgroups.

ghe 466750192, follow-up 717+ §AFE 30
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2. TCE &0| 2IFe| HAAof DXl A&
TCE x=Zo°| IAH Al vl ol gk
TEAe F 5Ho] FHENeH, EWAEE 2005

S Ao 201087k EEE o] Q)84 g

TS AFERI el wet TSt
TH ¢ (cross-sectional study)$} AlZAE A

T2 FEH} lavicoli 5(2005)°%2 357 2] TCE|
=EE olgglold] ZEAe} Hlu-E o R g
o Aol X, TCESl 2" 7% AIETH
(interleukin-2, interleukin-4, interferon-y)e] WH3}7}
dojd 4= At RAsITh Eg Lan 5(2010))
80¢] TCEdl AfYHo= =3d AR vla
< e R & ©H AFolx TCEl =%% 7

E=EEA 2 il nle] AA AAA xS
2 CD4+ T cell, CD8+ T cell, NK(natural killer)
cell, Z2]2L B cello] f-o3HA HAastiaS HaLst
A THTable 3).

Al Aeo] MEAY At wgE A7+ AlEe] TCE
£ A2et in vivo AF°I1U}. NHEK (normal human
epidermal keratinocyte)] TCES 28 A3}, cell
viability7} 2FiAI 22 NOL| ¥Ho] Eolx& dgo]
UFEREE O™ ) Q171ke] ZF A 25 TCES| =247 7
G 54 whilE NM239] wkgAge] STk
HL-60 cell linedl TCEZ >t 7% interferon-
induced protein with tetratricopeptide repeats2

kel
N
2

2 Ho i rlo

(IFIT2), prostaglandin E receptor 4, interleukin 8,

interferon gamma receptor 2 5% A3k FA
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2 AFolAE 198995 E 2011 5¥7EA] &3
¥, TCE| gt =53 NHL¥} #dAdo] gk 28
He] AEde T8k weREAS Al
HFE A7 n=13)2] A9 TCEl thal =¥ &
224 o 1.39) NHLO| 2A913de] S7183la,
AN ZEE AF =150 = EATH Fo]Adel
= HXA] Eaey TCE e 27 =23
NHL 2A9ge] 11w S7lsider, &

o] =&d Agole ¥t oF 1L.MIE F71sITh

71&] FHEAY Mandel 5(2006)PY AF+=
FATE AT 1493 A2 AT 498 238t
Ak £ AF+= Mandel 5o Y3 HEREA A
oA MAHH AFTE AT F AW FE|Y TCE
wZo digh AR7F B¢ 39 AFE AlQs)
3, Boice 5(2006)*" 2 McLean 5(2006)*?°] <=
gt A7t Frrete F 138S UPdeE BA5)
STt A2 7= Mandel 5] A3 4H
of 117he] ATE Frketed ®AsG =, FH 2ol
A2t A7F ERE Aol 71918}, Mandel
5o FTE AFolA 1.2081¢] frol3k NHL 913
o] Z7He #EEiloy, WEe &30
(dose-response)’} H-=3th= o]FE S0 AHH
TCE®] W3 =23 NHLZO 213 dwAdo] ¢l
O= 482 g vf 9o} ¥FH, Wartenberg 5
(2000)3} Scott 5(2006)*S Mandel 52 RItHE &=
FAS He PREre SRSt 2 A7 o9
ALt 7S Aest FH2e] AT AHE vk s
A3} o-3] Fo3 = F7pF BRI 4
(summary RR: 1.33 vs. 129), Stz Ao
M fole A7AnE Advhke A, 283 ¥t
g SFRbEAAIE W] Sl 7F AelA
ot AA22ARIE Hrete Blo] Mg ofof
itk e 73 e o, Mandel50] W 2E22 )
JEojor & Fog FoEy, FHH ATE T
3 kst A28 ol & Aol

E AFelre wEREA] ATt olyg} TCE =
Zo] AAe AAA ol w|X= FFel] et A+ 4
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ofsf Al Al]EFIRJA(IL-2, IL-4, INF-y)2] H}7F o
ofubH M 9o WA 2 sFsh= CD4+ T cell,
CD8+ T cell, NK(natural killer) cell, Z8]3 B cell
o] frI3Pl AAHUTH? EF AIAEE o] g3
Ao M=, cell viability7} Falix]32 NO2| gHAjo]
EolA&= A NM239] wkS-A] =714 interferon-

induced protein with tetratricopeptide repeats 2

LU

(IFIT2), prostaglandin E receptor 4, interleukin 8,
interferon gamma receptor 2 5= A= FHA}
WS Fo] B Eet, WA Ee] Ael7t of
w3k 7]de® NHL 24 £ o529 fldeas
2-g-et=A] ob4 WA AT FUARE 7]
Fo FE 22 dAFe 2 Al ZelE A
AdE e sl Frkar detEn) Purdue
S(01)PE Atz AT YRRINA T
A g Aol My AL ETIRI(IL-4, IL-
6, IL-10, TNF-y)3} BGA| E9] 71 B A7)
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™, Yang 5(2006, 2011)**& NHL ¥A}2] T cell
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