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Introduction

The synthesis of nitric oxide (NO*) by inducible nitric oxide
synthase in hepatocytes and inflammatory cells is now consid-
ered one of the most important host defence mechanisms
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tions (1-3). This pathway is not without cost, however,
since NO is mutagenic, cytotoxic and, through nitrosation of
available amines, can give rise to potentially carcinogenic N-
nitroso compounds (4-9). While infection with susceptible
organisms may be cleared by nitric oxide-generating immune
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This study investigated the relationship between immune
responses to infection with the liver fluke, Opisthorchis
viverrini, and the synthesis of the carcinogen, N-nitrosodi-
methylamine (NDMA) in humans. It also examined associ-
ations between synthesis of nitric oxide (NO) and nitrosation
of amines, in vivo. Antibody and T cell responses to fluke
antigens and post-alcohol urinary NDMA excretion were

assessed among three groups of 40-50 men with no, moder-

ate and heavy liver fluke infection. Markers of NO synthesis
(nitrate, nitrite) and nitrosation (nitrosamino acids) were
also measured in biological fluids. Assessments were carried
out under controlled conditions which minimised intake of
exogenous nitrate and nitrite and were carried out at two
time points, namely before and 4 months after elimination
of the infection with praziquantel treatment. No statistically
significant variation was observed in the amount of NDMA
excreted between the 3 groups. However, during active
infection, a strong negative association was observed
between in vitro lymphoproliferative responses to some
liver fluke antigens and NDMA excretion. After treatment
this association was reduced. Multivariate statistical models
revealed a highly significant relationship between NDMA
levels and urinary nitrate, stimulation indices for two T
cell responses to two parasite antigens (MW 37 kDa and
110 kDa) and gall bladder dimensions. NDMA levels after
treatment were best described by the ratio between para-
site-specific 1gG2 and IgE, background levels of T cell
proliferation, a urinary marker of nitrosation (N-nitroso-
thioproline) and usual level of alcohol consumption. These
results suggest that individual background immunologic
activity, parasite-specific responses and/or parasite
products and NO synthesis are important determinants

*Abbreviations: NO, nitric oxide; NDMA, N-nitrosodimethylamine; cpm,

exposure to tissue damaging agents generated by the host’s
own immune response. Heterogeneity in immune responses is
a characteristic of parasitic infection, and tissue damage is
often immunopathological, rather than directly parasite related
(10-12). Thus pathology only partly depends on worm burden,
since individuals with equivalent burdens may vary in the
degree of tissue damage as a result of different immune
responses mounted against parasite antigens.

Opisthorchis viverririassociated cholangiocarcinoma is
increasingly being studied as a model system to understand the
role of immune responses to chronic infection in carcinogenesis
(13-22). These parasites establish long-standing infection
within the intrahepatic bile ducts and do not appear to
be susceptible to host inflammatory responses. The risk of
cholangiocarcinoma is strongly associated with intensity of
infection (21). In Northeast Thailand where ~30% of the
population is infected, the age-standardised incidence of this
normally rare cancer is extremely high (84.6 and 36.8 per
100 000 males and females, respectively) (22).

Liver fluke infected hamsters express nitric oxide synthase
in macrophages, mast cells and eosinophils in the inflamed
biliary tissue (17) and develop bile duct cancer after exposure
to normally sub-carcinogenic doses of N-nitrosodimethylamine
(NDMA) (18-20). Human studies have detected higher levels
of urinary nitrate, nitrosoproline and nitrosothioproline among
infected people (13-16). However, it remains unclear whether
NDMA is also endogenously generated and is the relevant
mutagen in human cholangiocarcinoma.

Due to its extensive and rapid metabolism in the body,
NDMA is not normally excreted in the urine (23,24). However,
Spiegelhalder and Preussman demonstrated that NDMA can
be detected after consumption of a small amount of alcohol
(‘ethanol effect’) which inhibits first-pass (hepatic) clearance
of NDMA via cytochrome P450-mediated catabolism (25).
This method has received less attention than proline loading to
estimate the potential formation of mutagenic and carcinogenic
nitrosamines by endogenous nitrosation. Although increased
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thermal energy analysis; DMA, dimethylamine.
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diseases, e.g. renal failure, bacterial urinary-tract &chisto-
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soma haematobiunnfections (26-30), the determinants of volume was then recorded, the samples made alkalinexfB)) by addition

NDMA synthesis and excretion during infection and inflamma-"f NaOH and then stored at —20°C prior to analysis. NDMA concentrations
in urine were determined by gas chromatography/thermal energy analysis

tion have not been well studied. . . (GC/TEA) following extraction with dichloromethane using the Extube
The amount of NDMA excreted in the urine after alcohol column (ToxElute) as described by Spiegelhalder and Preussman (25). N-
consumption may be a better indicator of extra-gastric nitroNitrosomethylpentylamine (0.4g, MPNA) was added to the urine prior to
sation than the amount of nitrosoproline in the urine aftetexlt“"IC“O’;I LO Sedrve as a”_i”tbema' St""i}giji' TZeMiJ”,L‘XJntbOf_ NE';AA was
; ; ; : S : calculated based on the ratio between an obtained from the
_dOSIﬂg with prO“ne.' Nltrosc_)prollne is produced p_redommamlyGC/TEA of a mixture of various standard volatile nitrosamines including the
in the stomach with relatively small amounts in the tissuepma and MPNA. The detection limit was 0.08g per litre.
while a comparatively small amount of NDMA is formed inthe  The data were analysed statistically using SPSS for Windows (Version 6.1)
stomach (6,31_34)_ Because of the basicity of dimethy|amineﬁer transformation to normality. For NDMA, this required taking the square

— ; ; ; root of ug of NDMA excreted in 8 h, while most other variables were log-
(DMA, pKb 3.25), DMA is mostly present in a chemical transformed. This also stabilized variances across the infection and T cell

form that is not reactive with nitrosating agents at low pHresponse groups. Differences in excreted levels of NDMA between the three
(32-34). Thus only small amounts of NDMA<BO pg or intensity groups before and after praziquantel treatment were assessed by one
<0.5 umol) are formed in the human stomach, even wherway analysis of variance (ANOVA), while correlations between NDMA and
large amounts of precursors are co-ingested (33,35). In contradtdividual continuous variables are described by Pearson's (r) correlation

; ; : : . coefficient. Variables were then tested in stepwise multiple regression models
at neutral pH of the tissue, DMA readlly reacts with nltrosatlngto determine which factors were the strongest determinants of NDMA

agents, such as3/N,O,, which are generated during biosyn- excretion. The adjusted beta, T value and significance of each variable are

thesis of NO from arginine (6). given to indicate the relative strengths of association. Missing values in some
This study was undertaken to quantify the link between theneasurements account for the differences in sample size.

synthesis of NO and NDMA in human subjects using alcohol

to allow urinary excretion of NDMA. It also tested the Reagults

hypothesis that immune responsesQ@gisthorchis viverrini

antigens are important determinants of endogenous syntheglserage levels of various biochemical measurements, including

of NDMA during infection. markers of NO generation and nitrosation, among the three

liver fluke intensity groups for the sample population are

shown in Table I. Significantly higher levels of plasma nitrate,

salivary nitrite, nitrosoproline and nitrosothioproline were

The rationale, study design and methodology have been described in detaipserved among the infected groups prior to treatment, as

(13) and were approved by official Ethics committees in Thailand and reviously reported in these studies (13,16).

Australia. Briefly, a total of 148 men, aged 30-50 years, were selected fro - .
groups stratified on the basis of egg counts from a cross-sectional study of NDMA was detected in urine of 70% and 66% of men

cholangiocarcinoma in villages in Northeast Thailand (21). The range of egdefore and after treatment, and very high amounts (maximum
counts of the three intensity groups were: 0 (uninfected), 1000-6000 (moderafg.73 pg) were recorded in some individuals. The mean back-
i”feﬁtig”) and over 6000 (.Zez"y infection) eggs per g of fagces- Tg‘ose wheransformed square root amounts of NDMA excreted within 8
for 1 wesk i 13 groups of 12-15 men of mixed mfeation siatus, sating ot fter alcohol intake were 0.27ig (standard deviation:
the supervised low nitrate diet provided and refraining from smoking. Subject®-264, 95% CI: 0.192-0.364) among 152 men tested before
were examined by abdominal ultrasound as previously described to measuteeatment and 0.326ug (standard deviation: 0.310, 95%
gall bladder dimensions and detect hepatobiliary and renal abnormalitiesC|: 0.223-0.447) among 126 men tested after praziquantel
After initial sample collection, the men were treated with the anthelmintic.aatment. Differences between pre- and post-treatment levels
drug, praziquantel (40 mg/kg), and 134 (90%) attended identical post-treatmen¥ . N .
assessments 4 months later. are not ;tansucally significant (paireetest,t = 0.91,P >
Potentially important determinants of NDMA generation (Table 1) were 0.05). Figure 1 shows the square root transformed average
measured as described (13,16). These included markers of NO synthessmounts of NDMA gg) excreted in 8 h post-alcohol urine
(salivary nitrite, plasma and urinary nitrate) and endogenous nitrosatiogyhich did not differ significantly between the three infection

(salivary thiocyanate, nitrosoproline, nitrosothioproline), urinary tract infection . —
and hepatitis B surface antigen carriage. Usual smoking frequency (cigarette.%rol'lpS before (ANOVA’ F= 0.79, df 2,149pP > 0'05) or

per day) and alcohol intake (frequency per monéimount usually consumed) after treatment (= 0.27, df 2:123’!3 > 0.05). A significant
were estimated by interview. correlation (r= 0.30,P < 0.001) existed between the amount
Humoral and cellular immune responses to soma@tieiverrini antigens  of NDMA excretion within individuals before and after treat-

were measured by ELISA and T cell Western blotting, respectively. Relativ%ent No association was observed between NDMA excretion
levels of parasite-specific antibody isotypes were determined by ELISA ’

essentially as described (36) with the additional application of isotype-specifi@'nd urinary tract infection Or. hepatms B infection. .

monoclonal antibodies (Dako-Patts, Copenhagen) (for IgG1, IgG2, IgG4, IgE) Table |l records correlations observed between urinary
and avidin-biotin amplification procedures (ABC complex, Dako-Patts) (forexcreted amounts of NDMA and other measured variables.
IgG4, IgE). T cell proliferation assays were performed as previously describef\DMA amounts were onIy weakly associated with plasma

(37) on 97 participants by isolating mononuclear cells on Ficoll-Hypaque, .. . . . s
(Pharmacia, Sweden), washing and culturing them for 7 daysGatell8 per nitrate, urinary nitrate and salivary nitrite in samples collected

ml with one of 28 mol. wt fractions of somat@.viverrini antigen (manuscript  ON preceding days (ranged from 0.10-0.19), but were more
in prep.). The antigens were separated on SDS-polyacrylamide gel electrophagtrongly associated with urinary nitrate levels i th h post-
esis, transferred to nitrocellulose paper by electroblotting, cut into individualg|cohol urine sample (= 0.30, P < 0.001). Urinary N-

pieces, then each fraction was solubilized with DMS8H]Thymidine was ; ; _ni ; ; fmi _
added for the final 12 h and counts per min (cpm) on harvested filters werQItrosopm“ne’ N nltrosothloprollne and creatinine levels dur

determined by scintillation counting. Stimulation indices (SI) were calculated'N9 the pr(_awous 24 h with proline _Ioadmg correlated more
as cpm of FH]thymidine incorporated by cells exposed to the fraction Strongly with post-treatment than with pre-treatment NDMA
with solubilized fluke antigens on nitrocellulose paper divided by cpm of excretion levels. Salivary thiocyanate concentration (a catalyst
[3H]thymidine incorporated by cells exposed to solubilized nitrocellulose of gastric nitrosation) was not associated with urinary NDMA

paper alone. . . .
On the final day all subjects voluntarily consumed 355 ml of beer containingat either time point.

5% ethanol. Urine samples potentially containing NDMA were collected for A number of immunological responses correlated with
the next 8 h and stored at 4°C until the collection was complete. The totaNDMA excretion (Table I1). While parasite-specific IgE levels
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Immune responses and N-nitrosodimethylamine excretion

Table I. Characterization of the sample group with mean values for various demographic and biochemical measurements potentially related to NDMA
synthesis

Intensity group

Variable Pre-treatment Post-treatment
1 2 3 1 2 3

Egg count category (eggs/g faeces) 0 1000-6000 >6000 0 0 0
Mean EPG 0 2720 8129 0 0 0
Mean worm burden 0 6.9 125.9 - - -
Number of men 42 56 54 38 48 40
Age (years) 39.7 38 37.6 39 37.8 37
Body wt (kg) 57.5 57.4 56.9 57.4 57.4 57.7
Alcohol index 0.35 0.45 0.43 0.35 0.5 0.55
Creatinine (mg/kg/day) 25.6 24.8 25.9 25.9 24.8 25.3
Markers of nitric oxide
Plasma nitratep(M) 38 46.4 46.0* 41.5 43.1 46
Urinary nitrate (imol/kg/day) 14.8 17.0 16.8 17.4 16.2 16.2
Salivary nitrite (1{M) 74.1 124.6 109.2* 66.2 88.4 91.6
Markers of nitrosation
Salivary thiocyanatepM) 1046 1083 962 767 945 848
Nitrosamino acid®

NPRO {ig/day) 0.87 1.38 1.16* 1.39 1.48 1.90

NTPRO {ig/day) 1.19 1.79 1.96 2.03 2.50 2.76

3NPRO and NTPRO were measured in 24 h urine after dosing with 300 mg of proline.
Symbols placed under intensity group 3 indicate statistically significant variation in the log-transformed means of the three intensity groups determined by
one-way ANOVA at the level of+P <0.05; *P <0.01.

0.80 the 37 kDa antigen excreted the highest levels of NDMA
o during infection; these trends are highly significant (ANOVA,
5 0.604 F = 7.31, df 2,95,P = 0.001). These relationships between
s < excreted NDMA and T cell proliferative responses were not
¢ 0.40 . apparent in post treatment assessment (ANOVA; E.87, df
< % 2, 75,P = 0.16).
5 0204 3 T cell responses (assessed either pre- or post-treatment)
= WS - showed weaker correlations with post-treatment NDMA excre-
0.00 SAAL— - tion, although six remained statistically significant={r-0.20

Pre-treatment Post-treatment to -0.27, Table Il). Plasma and urinary nitrate, urinary N-
nitrosoproline and N-nitrosothioproline excreted after proline
loading showed significant associations with post-treatment
Fig. 1. Average amounts of NDMA excreted in post-alcohol urine stratified NDMA, as did the ratio between parasite-specific IgG2 and IgE.

by liver fluke infection status before and after elimination of the infection. . . . .
Square root transformed mean and SE valugsgpNDMA excreted in the Multivariate regression models of NDMA excretion

8 h post-alcohol urine specimens collected from individuals with no Pretreatment A systematically developed multivariate model
}gf:gég”a(r'lzﬁr?“e‘;t ﬁﬂ?:;zbgggggaf i”Sfecéiro”)(\}V(i)taot‘rgol‘i)\?ef%gieper 90of incorporating five variables accounted for 52.8% of the total
Opisthorchis viver):ini Pre-treatment gi]r?dicpatesg the results of asses’sments Va”f”ltlor_] In p_re-treatment N[_)MA _excretlon levels (Table _”I)'
done prior to elimination of the infection, while post-treatment results are  During infection, T cell proliferative responses to two liver
from urines collected from the same subjects 4 months later. Sample sizes fluke antigen fractions (37 kDa, 110 kDa), parasite-specific
for these groups are: uninfected € 42, 38), moderate infection IgG2 in serum (positive association), nitrated h post-alcohol

(n = 56, 48) and heavy infectiom(= 54, 40), for pre- and post-treatment . i . .
assessments, respectively. Differences in NDMA level between intensity urine (posmve) and ga” bladder |ength explalned h|gh|y

groups were not statistically significant before or after treatm@rt0.05). significant variation in NDMA.

Although background levels of T cell proliferation were
showed negative trends, IgG2 levels correlated positively wittshown to be strongly correlated with NDMA levels in univariate
both pre- and post-treatment NDMA levels. Background leveldests, this variation was explained by its close correlation with
of T cells proliferation (log-transformed cpm oH]Jthymidine  nitrate levels (= 0.39,P < 0.001). Therefore it did not enter
incorporated by cells exposed to media alone) correlatethe multivariate model after entry of nitrate, suggesting that its
positively with NDMA levels, both before and after treatment. influence on NDMA synthesis may be through NO synthesis.

In contrast, the stimulation indices of most T cell proliferat- Post-treatmentVodelling the post-treatment data was success-
ive responses to differei@.viverrini antigen fractions showed ful in explaining 17.5% of the variation in NDMA excretion
significant negative associations with NDMA excretion, with levels. Four variables were incorporated, namely the ratio
the 37 kDa antigen fraction showing the strongest associatiort¥etween parasite-specific IgG2 and IgE (positive association),
(r = —=0.43,P < 0.001, Table I). As shown in Figure 2, men the amount of N-nitrosothioproline excreted during a previous
whose T cells exhibited marked suppression of proliferatiorday with proline loading (positive), 8 h nitrate levels and usual
in vitro (indicated by an Sl 0k0.50) following exposure to alcohol intake. The immunoglobulin ratio controlled for all
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variation associated with T cell proliferation to the crude

Table Il. Correlation coefficients (Pearson’s r) describing the single variableparasite extract and the T cell responses to six antigens found

relationships between NDMA excretion and other measured variables

NDMA (upg/kg body wt/8 h post-alcohol urine)

Variable Pre-treatment Post-treatment
Body wt -0.09 -0.11
Age -0.12 -0.11
Smoking index 0.05 0.04
Alcohol index -0.07 0.24**
Intensity group 0.10 0.01
Pre-treatment ultrasound observations

Ratio GB length/width -0.15* 0.06
Portal radicle echoes 0.01 -0.12
Biochemical measurements

Markers of nitric oxide

Nitrate in plasma 0.18* 0.20*
Nitrate in 24 h urine 0.19* 0.20*
Nitrate in post-alcohol 0.30*** 0.17*
urine

Salivary nitrite 0.10 0.12
Markers of nitrosation

Salivary thiocyanate 0.04 0.07
N-nitrosothioproline 0.06 0.22*
N-nitrosoproline 0.11 0.18*
Urinary creatinine (24 h) 0.00 0.20
Parasite-specific immunological measurements

Serum 1gG2 0.17* 0.13
Serum IgE -0.02 -0.15
Ratio 1gG2/IgE 0.14 0.23**
T cell proliferation to:

Background (cpm) 0.30*** 0.33***
Purified protein derivative —0.18* -0.08
37 kDa parasite protein —0.43*** -0.23*
145 kDa parasite protein —0.40*** -0.16
28 kDa parasite protein —0.40*** -0.02
22 kDa parasite protein —0.41%* -0.21*
110 kDa parasite protein -0.09 -0.08

*P <0.05; *P <0.01; **P <0.001.

to maintain statistical significance in univariate correlations
(Table 11).
Discussion

Our data provide strong evidence of a link between individual
immunological activity and endogenous synthesis of nitro-
samines that could play a role as aetiological agents in
fluke-associated cholangiocarcinoma in humans. In this study,
heterogeneity in lymphoproliferative responses afitewitro

exposure to parasite antigens was strongly linked to urinary

1.20 7
1.00
0.80 A
0.60 1

0.40 4

NDMA in 8 h urine

0.20 A

Post-treatment

Pre-treatment

@|sSl<05 ®Sl0.0515 0OSI>15

Fig. 2. Average amounts of NDMA excreted in post-alcohol urine stratified
by stimulation index (SI) of T-cell response following vitro exposure to a
37 kDa parasite antigen. Square root transformed mean and SE valugs of
NDMA excreted in tle 8 h post-alcohol urine specimens collected from
individuals who showed a suppressed proliferation (stimulation index

< 0.5) relative to the control cells exposed to media alone (the leftmost
bars). The middle boxes represent mean values of NDMA excretion of those
with a S| between 0.5 and 1.5, while the rightmost boxes represent those
with a Sl over 1.5. Sample sizes for these groups are: suppressed group
(n = 24,17), SI 0.5-1.5n = 43,34) and S>1.5 (h = 31,25), for pre- and
post-treatment assessments, respectively. Differences in NDMA levels
between these immune response groups were highly significant in the
presence of infectionR <0.001).

Table IlIl. Multiple regression model of NDMA excretion before and after treatment with praziquantel including T cell immune responses.

Pre-treatment

Post-treatment

Variable Adjusted beta t-test P value Adjusted beta t-test P value
37 kDa response —-0.603* -5.6 .000 —0.139 -11 .262
110 kDa response 0.285* 2.7 .010 0.077 0.6 .533
Urinary nitrate 0.475* 6.4 .000 0.180* 2.0 .051
NTPRO -0.107 -1.1 .296 0.267* 2.9 .004
Creatinine —0.056 -0.6 521 0.111 1.2 224
Alcohol index -0.128 -15 142 0.229* 25 .013
Gall bladder:

Length/width —-0.185* -24 .016 0.013 0.1 .890
Length —0.153 -2.1 .041 0.053 0.5 .620
Width 0.164 1.9 .058 0.036 0.3 762

Parasite-specific:
1gG2/IgE 0.140 1.8 .075 0.274* 3.0 .003
19G2 0.167* 2.2 .033 0.143 1.6 119
IgE —0.043 -0.6 571 -0.171 -1.9 .064

No infection —0.060 -0.8 .455 0.034 0.4 .709

Moderate flukes —0.015 -0.2 .830 0.096 1.0 .305

Heavy flukes 0.014 0.2 .869 -0.170 -1.8 .06

TOTAL r = 0.744; adjusted?r= 0.528; df 5,87 r= 0.455; adjusted®= 0.175; df 4,97

Stars in the adjusted beta column indicate those variables which incorporated into the final model.
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NDMA excretion prior to, but not after, eliminating infection This may be because the observed trends are complicated by
with praziquantel. We offer two possible explanations ofsmall amounts of NDMA (2% of total body burden) excreted
this finding. in post-alcohol urine samples and by dual effects of liver fluke
In one immunological pathway, CD¥and CD8+T cells infection on the synthesis and degradation of NDMA. In both
producey-interferon and tumour necrosis factor which stimu- experimental animals and in humans, liver fluke infection
late hepatocytes, macrophages (at least in the murine systeingduces the expression of CYP2A6 which converts NDMA to
and other inflammatory cells to express NO synthase whiclgenotoxic metabolites (48,49). Concurrent increases in syn-
generates NO via oxidation of arginine (38,39). Nitrogenthesis of NDMA and expression of CYP2A6 would result in
oxides (NOs/N,O,) that are formed from NO after oxidation more DNA damages although no net increase in the amount
can be incorporated in surrounding secondary and tertiargf NDMA was observed. It is possible that increased generation
amines, most likely dimethylamine (DMA) which is most of NDMA occurs in all infected individuals, but is obscured
abundant in the tissue fluid. As a result, NDMA and otherby increased activity of CYP 2A6 which catalyses the conver-
nitrosamines are formed (6—9). Excessive NO is in turn aion of NDMA to metabolites not excreted in urine. The
potent inhibitor of cell proliferation and can mediate immuno-increase may become detectable above background only where
suppression (reduced vitro responsiveness to mitogens) in the generation of NDMA is markedly increased, e.g. among
experimental malaria and trypanosome infections (40—42). Th#hose with particular types of immune responses to infection.
marked negative association between amounts of NDMA and Previous studies using the ‘ethanol effect’ to inhibit first
invitro T cell proliferation following exposure to some parasite pass clearance of NDMA by P450-mediated catabolism in
antigen suggests that people whose immunological response ealthy people detected increased urinary NDMA following
liver fluke infection is characterized by suppressed proliferatiorthe consumption of nitrate and amine precursors (25,35). Under
in vitro, particularly after exposure to a 37 kDa parasitethese conditions, the amount of NDMA excreted was very
antigen, may be those whose T cells respond to fluke antigerssnall and probably generated intragastrically. In contrast, the
with a so-called T helper 1 phenotype (gamma interferon angiresent study involved tight control of dietary and tobacco-
tumour necrosis factor). These cytokines stimulate macrorelated intake of nitrate, nitrite and nitrosamines, which would
phages (and monocytes) to generate NO which may inhibihave reduced gastric production and facilitated detection of
cell proliferation in a dose-dependent manner urideyitro NDMA coupled to NO synthesis and inflammation. The strong
conditions (43). Positive relationship between NDMA andcorrelations between NDMA levels, liver fluke-specific and
parasite-specific 1IgG2 may reflect the tendency for B celldackground T cell responses and urinary nitrate excretion
exposed to gamma interferon to undergo an isotype switch tmdicate that nitrosating agents are produced along with the
produce 1gG2, while IgE switching may be favoured by synthesis of NO at the site of infection (13,16). This study
cytokines of the ‘T helper 2’ phenotype (39,44). provides the first evidence in humans of the close link between
An alternative explanation of the findings is that the negativeendogenous nitrate and NDMA synthesis.
associations with parasite antigens reflect a combination of  In summary, it is likely that nitrosamines generatid
interferon release (by both spontaneously activated T cells arsitu play a very important role in inflammation-associated
those activated by the parasite antigen), together with a&arcinogenesis, especially when their production is both chronic
parasite-derived molecule with LPS-like activity which could and located in close proximity to cells containing P450 enzymes
itself provide the ‘second signal’ for NO generation. Studieswhich can metabolize the nitrosamine to DNA methylating
by Sternberg and Mabbott (45) have suggested a similasigents. NDMA produced during inflammatory responses to
interaction betweery-interferon and blood stream-forms of liver fluke antigens may diffuse to the biliary epithelium and
Trypanosoma brucelf this is correct, both specific and non- become activated by hepatic CYP 2E1 and possibly CYP 2A6.
specific responses would contribute to the relationship betweenhe nearby biliary epithelium may be highly susceptible to
in vivoNDMA synthesis and the measuridvitro proliferative  malignant transformation due to chronic proliferation which
responses. This may explain why associations are observed iwanother pathologic response to infection. This combination of
both infected and non-infected individuals. events could explain the very high risk of cholangiocarcinoma
At present it is unclear whether we have demonstrated associated with liver fluke infection.
close relationship between types of T cell responses to specific
parasite antigens and NDMA synthesis or perhaps mor%\
broadly, the ability of a parasite to direct the type of immune’*cknowledgements
response which is mounted against it. By possessing an@le would like to thank Drs T.Sugimura, R.Maclennan, A.Green, and especially
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