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Percent Change CYPlA2 
Fl& 3. Pwaotagc change in CYPlA2 activity 

Week 2 CYPIA2 - Week 1 CYPiA2 
Week 1 CYPIA.2 X loo 

0, pemntage change below 0; W, percentage change above 0. 

1976. Conney at al. (31) reported that meat cooked directly over 
burning charcoal was capable of inducing W 1 A 2  in humans (as 
measured by phmaatin metabolism) after daily consumption for 4 
days. They concluded that PAHs probably contributed to this induc- 
tion effect, since these compounds are present at high levels in 
barbecued meat and consistently induce P4501A activity in rodent and 
in vitro models (28). In the current study, we minimized and pre- 
vented changes in PAH exposure. PAH levels in food samples con- 
sumed during the study were quite low compared to levels generally 
found in barbecued meat [0.2 nglg in the current study versus 2-4 
nglg in barbecued samples analyzed by the same laboratory (32, 
33)] and did not change appreciably from week 1 to week 2. As 
such, the induction effect in CYPlA2 that we observed during the 
study period was probably not due to changes in dietary PAH 
exposure. Furthermore, CYPlA2 activity has been shown to be 
affected by various other environmental factors (22). This meta- 
bolic study was designed to minimize the influence of other known 
inducers of CYPlA2. such as smoking (34, 35), cruciferous veg- 
etables (281, and possible modifiers such as alcohoi, vitamin and 
mineral supplements, and oral contraceptives or postmenopausal 
estrogens. 

Animal studies provide evidence that HAAs induce CYPlA2 (36- 
43), although it is likely that other unknown compound(s) formed 
during high temperature cooking also serve as inducers of CYPlA2. 
From a public beahh perspective, however, it does not matter which 
compound causes the induction effect, given that humans consume 
complex mixtures of compounds in their diet and not pure HAAs. The 
main finding of this study is that meat samples cooked at a high 
temperature contain some component that induces CYFlA2, which is 
of particular mncern given that the same meat samples also contain 
procarcinogens (MelQx, DiMelQx, and PhIP) activated by CYPlA2. 

In contrast to CYPlA2, NAT2 activity did not change throughout 
the study. This finding is consistent with extensive evidence that 
interindividual differences in NAT;! are due to autwomal inheritance 
of a phenotype which cannot be altered by environmental factors 
(22, 23) .  

Since in this study logistic considerations required giving all sub- 
jects the low temperam-cooked meat first and the high temperature- 
cooked meat second, we cannot exclude the possibility that the intra- 

6 

individual changes in CYPlA2 were due to a period effect and not to 
the change in the diet. However, we conclude that diet was the cause 
of the increase since no other factors could be identified that changed 
during the 2-week study period which might have influenced this 
enzyme activity. Furthermore, no consistent change was observed in 
a study where CYPlA2 function was measured multiple times in the 
same individuals over a similar time frame (20, 27). 

The demonstration of inducibility suggests that recent dietary ex- 
posure can affect CYPlA2 function. However, the positive correlation 
(r = 0.54) of CYPlA2 function within individuals suggests that the 
variability we found in free-living individuals was not entirely due to 
such environmental factors. This "fixed" component may be mediated 
by genetic, environmental, or dietary factors which need longer than 
7 days to influence the CYPlA2 function. Family and twin studies 
have provided suggestive but as yet inconclusive evidence for genetic 
(hereditary) control of CYPlA2 activity (27, 44). At present, efforts 
are under way in several laboratories to understand the genetic basis 
of the fixed component of the phenotype for CYPlA2. This polymor- 
phism may involve the CYP1.42 structural gene (27), its regulatory 
component, or its relevant receptor. 

Lastly, interindividual CYPlA2 activity varied 15-fold among the 
66 subjects involved in the study. This compares to an observed 
40-60-fold range in hepatic CYPlA2 levels, based either on enzyme 
activity or on immunoreactive protein content (45-49). Moreover, for 
those 36 individuals showing appreciable CYPlA2 induction, the 
percentage change ranged from 30 to 840% (median, 75%). These 
data are comparable to those reported for CYPlA2 induction by 
cigarette smoke, where the increase in the mean CYPlA2 activity was 
also 75% (21). In the liver, this is known to correspond to a 3.5-4.2- 
fold induction of CYPlA2 activity or protein content (47). The 
resultant increase in carcinogen activation (i.e., arylamine N-oxida- 
tion) has been studied further in a pharmacokinetic model and was 
shown to result in similar increases in carcinogen-DNA adduct for- 
mation (50). Although the biological consequences of this variation 
are not fully understood, Lang et al. (21) have reported that high 
CYPlA2 (and NAT2) activity is associated with increased colorectal 
cancer risk, especially when combined with a dietary preference of 

Week 1 Log CYP1A2 
Fig. 4. Correlation between CYPIM activity at the end of week 1 and week 2. Within 

person wrrelation, r = 0.54, P < 0.001. 
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well-done red meat. We are currently following up these findings to
further explore the interaction of CYP1A2 (and NAT2) activity with
dietary consumption of HAAs for cancer risk in humans.

In conclusion, we observed an increase in CYP1A2 activity in the
majority of people who consumed high temperature-cooked meat that
contained large amounts of HAAs. If HAAs are human carcinogens,
meatcookedathightemperaturesmayposeanincreasedcancerrisk,
because it contains both inducers of CYP1A2 and procarcinogens
(MeIQx, DiMeIQx, and PhIP) known to be activated by this enzyme.
Studies are also in progress to evaluate the presence of I-IAAs in meat
samples cooked by a variety of techniques in order to understand how
widespread these compounds are in the general diet.
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