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Abstract

Background Epidemiological studies indicate that con-
sumption of cruciferous vegetables (CV) can reduce the
risk of cancer. Supposed mechanisms are partly the inhi-
bition of phase I and the induction of phase II enzymes.
Aim The aim of this study was to investigate in vitro and
in vivo effects of watercress (WC), a member of the CV
family, on chemopreventive parameters using human
peripheral blood mononuclear cells (PBMC) as surrogate
cells. We investigated the hypothesis that WC reduces
cancer risk by inducing detoxification enzymes in a geno-
type-dependent manner.

Methods In vitro gene expression and enzyme activity
experiments used PBMC incubated with a crude extract
from fresh watercress (WCE, 0.1-10 pL/mL with 8.2 g
WC per 1 mL extract) or with one main key compound
phenethyl isothiocyanate (PEITC, 1-10 pM). From an
in vivo perspective, gene expression and glutathione
S-transferase (GST) polymorphisms were determined in
PBMC obtained from a human intervention study in which
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subjects consumed 85 g WC per day for 8 weeks. The
influence of WC consumption on gene expression was
determined for detoxification enzymes such as superoxide
dismutase 2 (SOD?2) and glutathione peroxidase 1 (GPX1),
whilst the SOD and GPX activities in red blood cells were
also analysed with respect to GST genotypes.

Results In vitro exposure of PBMC to WCE or PEITC
(24 h) increased gene expression for both detoxification
enzymes GPXI (5.5-fold, 1 pL/mL WCE, 3.7-fold 1 pM
PEITC) and SOD2 (12.1-fold, 10 uL/mL WCE, 7.3-fold,
10 uM PEITC), and increased SOD2 activity (1.9-fold,
10 uL/mL WCE). The WC intervention had no significant
effect on in vivo PBMC gene expression, as high individual
variations were observed. However, a small but significant
increase in GPX (p = 0.025) and SOD enzyme activity
(p = 0.054) in red blood cells was observed in GSTM*0,
but not in GSTM1*1 individuals, whilst the GSTTI geno-
type had no impact.

Conclusion The results indicate that WC is able to
modulate the enzymes SOD and GPX in blood cells in vitro
and in vivo, and suggest that the capacity of moderate
intake of CV to induce detoxification is dependent in part
on the GSTM1 genotype.

Keywords Chemoprevention - Gene expression -
Enzyme activity - Detoxification enzymes - Watercress

Introduction

A diet high in cruciferous vegetables (CV) is associated in
a number of epidemiological studies with a reduced cancer
risk at a number of sites including colon, lung, lymphatic
system and possibly prostate [11, 20, 25, 44, 50]. Gluco-
sinolates are sulphur compounds with one group derived
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from glucose, which occur mainly in the plants of the
family Cruciferae. Approximately, 115 different glucosin-
olates have been identified to date, which differ only in the
chemical composition of the aglucone [16]. Smell, taste, as
well as the biological effects of the cruciferous plants, are
determined mainly by the active by-products of glucosin-
olates, e.g. isothiocyanates (ITCs), thiocyanates and nitriles
[22]. These are released by hydrolysis of the glucoside by a
f-thioglucosidase (myrosinase) found in vacuoles of CV
and which is liberated by mechanical treatment (cutting
or mastication) of the plant tissue. In humans, ITCs are
metabolized primarily through the mercapturic acid path-
way. GSTs facilitate the conjugation of ITC to glutathione
and these glutathione conjugates are further metabolized to
mercapturic acids by the sequential activity of y-glutamyl-
transpeptidase, cysteinylglycinase and N-acetyltransferase
[20]. ITCs and their metabolites show anti-inflammatory
activity [19], antibacterial activity [15] and especially
cancer-preventive properties, where they are able to influ-
ence multiple stages of carcinogenesis. In addition to effects
such as the inhibition of the cell growth by cell cycle arrest
[45] and the induction of apoptosis [33], ITCs also influence
the initiation stage through inhibition of phase I enzymes
and induction of phase II enzymes [32, 40].

One important member of the CV and an excellent
source for glucosinolates and other bioactive phytochemi-
cals [28] is watercress (WC) (Nasturtium officinale or
Rorippa nasturtium-aquaticum). Its main glucosinolate,
gluconasturtiin, is formed via secondary metabolism of the
plant from the amino acid phenylalanine and is converted
by the myrosinase to phenethyl isothiocyanate (PEITC).
The consumption of 57 g WC leads to a release of at least
12-15 mg PEITC measured in the urine [9]. PEITC has
been reported to have several anti-carcinogenic effects
including the inhibition of phase I enzymes and/or the
activation of phase II enzymes [8]. For example, in the rat
liver and colon, PEITC leads to an induction of the total
GST activity [14, 43], such as the induction of the quinone
reductase by 7-methylsulfinylheptyl-ITC and 8-methylsul-
finyloctyl-ITC [35].

Human intervention studies that investigate the physio-
logical effects of high WC consumption are rare. In pilot
studies with smokers by Hecht et al. [17, 18], interventions
with WC led to a higher excretion of the tobacco-specific
lung carcinogen 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanol and other nicotine-metabolites such as cotinine and
7-hydroxycotinine. The higher excretion of these carcino-
gens and their metabolites could be attributed to a reduc-
tion of cytochrome P450 enzymes or to an induction of
UDP glucuronosyltransferases (UGT). Recent investiga-
tions by Gill et al. [10] reported that a supplementation
with 85 g WC per day for 8 weeks was associated with a
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reduced level of basal and hydrogen peroxide-induced
DNA damage in lymphocytes.

Many studies show that cancer risk reduction by nutri-
tional factor may be linked to specific polymorphisms. For
CV, different authors examined the interaction between
vegetable intake and GST polymorphisms in relation to
cancer risk. The protective effect of CV seems to be more
pronounced in individuals with a genetic null polymor-
phism of GSTM1 and/or GSTT1 [6, 25, 36]. Because GSTs
are involved in the conjugation of ITCs and the rapid
excretion in urine, the results suggest that individuals could
profit by the absence of certain GST enzyme activities, as
this would result in longer circulation of the ITCs in the
body. In turn, this could allow further chemical interaction
of ITC metabolites with signalling peptides and also
enhance the protective effects in vivo [24, 41].

Biomarkers have considerable potential in aiding the
understanding of the relationship between diet and disease
or health [5]. A number of recent reports show that the
latest technologies of genomics have initiated a new era of
biomarker development, also for cancer detection, treat-
ment and prevention. Here, different biomarker applica-
tions are based on blood cells such as peripheral blood
mononuclear cells (PBMC), since they are obtained less
invasively than biopsies and can be used as surrogate tis-
sues that may mimic effects occurring in remote target
tissues of exposure [34]. In vitro, the cells can be used as a
human primary cell model, which, maybe, best mimics the
human physiological conditions.

The aim of this study was to investigate in vitro and in
vivo effects of WC and one of its main key compounds,
PEITC, on chemopreventive parameters in human blood
cells as surrogate tissue for target organs, which require
more invasive sampling methods [34]. Within the primary
prevention of cancers in humans, the modulation of
detoxification enzymes by a high consumption of WC
could be quite important. In vitro, we investigated the
expression of key genes related to biotransformation and
detoxification [GPXI, SOD2, catalase (CAT), glutathione
S-transferase M1 (GSTM1I), glutathione S-transferase Pl
(GSTPI), UDP glucuronosyltransferase 1A1 (UGTIAI)]
in PBMC treated with a crude WCE and PEITC. For in
vivo investigations, we used biological samples (cryo-
preserved PBMC) from a previously reported human
intervention study with WC [10] and analysed the
expression profiles of the aforementioned genes. Addi-
tionally, we determined GST polymorphisms to assess the
link between these genetic factors and the induction of
SOD and GPX enzyme activity by a WC intervention.
These two enzymes could provide mechanistic explana-
tions for the reported reduction of DNA damage in PBMC
after WC consumption.
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Materials and methods
Test substances (in vitro)

Phenethyl isothiocyanate (Sigma-Aldrich Chemie GmbH,
Taufkirchen, Germany) was diluted in ethanol to yield a
stock solution of 100 mM and was further diluted in cell
culture medium to yield the working solutions of 1 and
10 pM. The final ethanol concentration in the two PEITC
working solutions was 0.01%.

Preparation of the watercress extract (in vitro)

The WCE used in the in vitro study was produced as
described by Boyd et al. [3]. Briefly, fresh WC was
chopped into pieces, homogenized in a Cookworks juice
maker machine for 10 min at 4 °C; subsequently the juices
were centrifuged (9,000g, 10 min, 4 °C), and the super-
natant was decanted, filter sterilized (0.45 pm and then
0.22 pm) and aliquoted. This single batch preparation with
a concentration of 8.2 g WC per 1 mL extract was stored at
—70 °C and used for all experiments.

Preparation of PBMC and cell culture (in vitro)

A fraction of mononuclear cells was isolated from several
anonymous buffy coat preparations by gradient centrifu-
gation using HISTOPAQUE®-1077 (Sigma, Deisenhofen,
Germany) as described earlier [12]. Cells were kept in
cell culture medium [RPMI 1640 medium (Invitrogen
GmbH, Karlsruhe, Germany) with 10% heat-inactivated
FCS, 1% penicillin/streptomycin and 1% L-glutamine
(Invitrogen GmbH, Karlsruhe, Germany)] overnight, prior
to incubation. Since SOD2 is manganese dependent, we
added a “Trace Element Mix” (PromoCell, Heidelberg,
Germany) with manganese (MnSQO,4 - H,O, 0.17 ng/L) for
measuring SOD2 activity. For all experiments, the cell
number was adjusted to 4 x 10° cellsymL and PBMC
(mean viability 95%) were then incubated with the test
substances.

Cytotoxicity (in vitro)

Cell numbers and viabilities were determined before and
after treatment of PBMC using a trypan blue solution
(Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany).
Cell integrity of the treated PBMC was assessed with the
CellTiter-Blue™ assay (Promega, Mannheim, Germany)
to estimate the number of viable cells. This assay uses the
dye resazurin that only viable cells reduce into the highly
fluorescent resorufin. The assay was carried out in 96-well
microtiter plates with fluorescence measurements (Tecan,

Spectra Fluor Plus, Austria, Em/Ex 520/595 nm) at dif-
ferent time points, namely after 2—72 h.

RNA isolation

Total RNA from PBMC was isolated using RNeasy Mini
Kit (Qiagen, Hilden, Germany), dissolved in 50 pL. RNase
free water and stored at —20 °C. RNA quantification was
done spectrophotometrically (Eppendorf BioPhotometer,
Hamburg, Germany) and formaldehyde denaturing RNA
gel electrophoresis (1.5%) was used to check the integrity
of the ribosomal RNA and for DNA contamination before
proceeding with real-time PCR.

Real-time PCR analysis (in vitro and in vivo)

Gene expression of CAT, GPXI, GSTA4, GSTP1, SOD?2,
UGTIAI and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was assessed by two-step SYBR Green I relative
real-time PCR (iCycler iQ system, Bio-Rad GmbH,
Munich, Germany). Briefly, total RNA (1 pg for in vitro
and 0.25-1 pg for in vivo experiments) was converted into
first-strand ¢cDNA using SuperScript™ First-Strand Syn-
thesis System for RT-PCR (Invitrogen GmbH, Karlsruhe,
Germany). Using oligo(dT) leads to specific transcriptions
of mRNA. The PCR amplification reactions contained 2 pL
of first-strand cDNA mixed with 12.5 uL of iQ™ SYBR®
Green Supermix (Bio-Rad GmbH, Munich, Germany)
master mixture (2x mix containing SYBR Green I, iTaq
DNA polymerase, reaction buffer, deoxynucleotide tri-
phosphate mix, 10 mM MgCl,, 20 nM fluorescein and
stabilizers) and 10 pmol stock of each of the specific
primers in a final reaction volume of 25 pL. All reactions
were performed in duplicate and product-specific amplifi-
cation was confirmed by melting curve analysis. The fluo-
rescence threshold value (Ct) was calculated using the
iCycler iQ optical v3.0a system software. The relative
quantification of mRNA expression was calculated with the
Comparative AACT (AACT = ACTcontrol - ACTf:xperimem)
method. For normalization, ACy values were calculated by
subtracting the average of the Ct value in the control for the
reference gene from the average of the Ct value for the
target gene and subtracting the average of the Ct value in
the treated sample of the reference gene (GAPDH) from the
target gene. Then, the difference between the ACt values of
control and treatment (AACy) was calculated. The fold
change was calculated according to the efficiency method
(AACt method) where it is assumed that the PCR efficiency
is 100% [30, 31]. The coefficients of variation for genes
reported in this paper were 0.9% for GAPDH, 1.0% for
SOD?2 and 1.1% for GPX1. Gene-specific primer sequences
used for the quantification can be seen in Table 1.
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Table 1 Primer sequences

Primer sequences 53’

Amplicon size (bp)

(F forward, R reverse) for real- Gene name Locus ID
time PCR, primers designed by CAT MN 001752
using PerlPrimer v1.1 software -
GPX1 MN_000581
GSTA4 MN_001512
GSTP1 MN_000854
SOD?2 MN_000636
UGTIAI MN_000463
Primer pairs were verified by GAPDH MN_002046

normal PCR with gene-specific

ATMmxX®T AT A®TO I TR TRIT

TGG ACA AGT ACA ATG CTG AG
TTA CAC GGA TGA ACG CTA AG
GAC TAC ACC CAG ATG AAC GA
ACG TAC TTG AGG GAA TTC AG
CCG GAT GGA GTC CGT GAG ATG G
CCA TGG GCA CTT GTT GGA ACA GC
CTG CGC ATG CTG CTG GCA GAT C
TTG GAC TGG TAC AGG GTG AGG TC
GCC CTG GAA CCT CAC ATC AAC
CAA CGC CTC CTG GTA CTT CTC
TCA TGC TGA CGG ACC CTT TC

CTG GGC ACG TAG GAG AAT GG
ACC CAC TCC TCC ACC TTT GAC
TCC ACC ACC CTG TTG CTG TAG

144

133

131

149

111

145

110

amplicon

Measurement of total protein and of SOD2 activity
in PBMC (in vitro)

In vitro changes of the SOD2 activity in PBMC were
measured with the Calbiochem® Superoxide Dismutase
Assay Kit II (Merck Chemicals Ltd, Darmstadt, Germany),
which utilizes a tetrazolium salt for the detection of
superoxide radicals generated by xanthine oxidase and
hypoxanthine. The addition of 3 mM potassium cyanide to
the assay inhibits both SOD1 and SOD3, resulting in the
detection of only SOD2 activity. Total protein content was
measured using the method by Bradford with bovine serum
albumin as standard protein [4].

Polymorphisms (in vitro and in vivo)

Null polymorphisms for GSTMI and GSTTI were deter-
mined by multiplex PCR using original procedures [2, 29].

Study design (in vivo)

The study was a single blind randomized crossover trial in
60 subjects as described in detail by Gill et al. [10]. The
study received approval of an independent ethical com-
mittee and subjects gave their informed consent to partic-
ipate. Briefly, during the first phase of the study, the
volunteers were randomly assigned to either the treatment
(WC supplemented) or control group. During the treatment
phase, the subjects consumed one portion (85 g) of raw
WC daily for 8 weeks in addition to their normal diet.
During the control phase (8 weeks), the subjects were
asked to maintain their habitual diet. The control and the
treatment phases were separated by a 7-week washout
phase. The WC used for this intervention study was a
commercially available product produced by Vitacress Ltd

@ Springer

(Southampton, UK). The subjects were supplied with fresh
WC (85 g bag/day) during the supplementation phase.
Fasting blood samples were collected before and after each
phase (week 0, week 8, week 15 and week 23). PBMC
were isolated by using Histopaques-1077, according to the
manufacturer’s instructions (Sigma Diagnostics, St Louis,
MO, USA). Red cell concentrate (RCC) and plasma sam-
ples were also prepared.

GPX and SOD activity in red blood cell (in vivo)

Measurements of GPX and SOD activity in RCC were
performed by Gill et al. [10] using two commercial kits
(RANSEL kit for GPX and RANSOD kit for SOD; Randox
Laboritories Ltd, Crumlin, CO Antrim, UK) according to
the manufacturer’s instructions.

Statistics (in vivo and in vitro)

The Prism software version 5.01 (Graph Pad, San Diego,
USA) was used for two-sided paired and unpaired ¢ test and
one-way or two-way ANOVA with Bonferroni’s multiple
comparison test with selected pairs.

Results
Cytotoxicity of the test substances

Effects of WCE on isolated PBMC were investigated in
vitro. Therefore, we first needed to establish non-cytotoxic
concentration ranges. The concentrations of 10 and 50 pL/
mL of WCE caused significant time and concentration-
dependent reduction of metabolic activity in PBMC
(Table 2). The highest concentration at which there were
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Fig. 1 Changes in gene expression related to GAPDH as reference
gene for SOD2 and GPXI in PBMC after treatment (24 h) with a
watercress extract and with PEITC measured with real-time PCR;

GSTTI%#0) nor to smoking behaviour. On this account, we
refrained from analysing the whole study population.

GPX and SOD activity in red blood cells

As Gill et al. [10] already demonstrated, there were no
changes of GPX and SOD activities in red blood cells in
response to the WC intervention in the total population. We
determined GSTM1 and GSTTI polymorphisms and sub-
divided the original data. Out of 60 subjects, 44 had the
GSTM1%*0 genotype (73%), seven the GSTTI*0 genotype
(12%) and six subjects were null for both enzymes (10%).
Figure 4 summarizes GPX and SOD activities in RCC of
totals (already published by Gill et al.) and subgroups.
Interestingly, there was a significant up-regulation of
the GPX activity (p = 0.025) in GSTM1*0 individuals.
The same trend was also detectable for SOD activity
(p = 0.054). For GSTM1*I individuals, a non-significant
trend for decreased SOD and GPX activities after WC
intervention could be detected. This result is unclear and
needs further investigations.

Discussion

In many cell culture experiments and studies in animals, a
variety of plant-food constituents have been identified as
inducers of phase II enzymes and as potential chemopre-
ventive agents. For WC, it has been reported that constit-
uents from this plant reduced oxidative DNA damage in
blood cells and also lowered levels of DNA damage
induced by genotoxic agents [3, 10]. In this present study,
we have demonstrated that blood cells respond in vitro as
well as in vivo to active substances within WC. This
resulted in the activation of an apparent oxidative stress
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concentration WCE [pL/mL]

concentration PEITC [uM]

mean + SEM; n = 5. Statistical analysis was performed with one-
way-ANOVA/Bonferroni post-test, *p < 0.05, **p < 0.01

2.5
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1.04

0.5

SOD2 activity (fold change)
|

0.0

0.1 1 10 1 10
concentration PEITC [uM]

control
concentration WCE [pL/mL]

Fig. 2 Changes in SOD2 enzyme activity in PBMC after treatment
(24 h) with a watercress extract and with PEITC; mean + SEM;n = 4

response involving up-regulation of GPX and SOD
expression, which could also be an explanation for the
reported modulations in DNA damage.

High concentrations (50 pL/mL) of WCE strongly
suppressed the metabolic activity measured with the cell
titre-blue assay in PBMC almost to undetectable levels.
Notably, only slight reductions in viability measured with
trypan blue at high WCE concentrations were seen and no
reduction in cell number could be detected. The highest
concentration of the WCE appears not to be physiological
for blood cells and was not used for further experiments.

In vitro, important detoxification enzymes such as SOD2
and GPXI were highly up-regulated by the WCE and also
by PEITC in our study. Mitochondrial SOD2 is a homo-
tetramer containing one manganese atom per subunit and is
indispensable to life [26]. SOD2 is often considered as one
of the most effective antioxidant enzymes that has anti-
tumour activity [1, 42]. Furthermore, SOD2 should not
only be regarded as an antioxidative enzyme, but also as a



Eur J Nutr (2009) 48:483-491

489

106 -

105.

SOD2

104

gene expression related to GAPDH [ppm]

pre post pre post

control phase intervention phase

106 7

GPX1
gene expressionrelated to GAPDH [ppm]

105 4

=N
o
IS

pre post pre post

control phase intervention phase

Fig. 3 Changes in gene expression for SOD2 and GPX! in PBMC after a watercress intervention [10] measured with real-time PCR; shown is a

randomly selected subset of donors; n = 10

key enzyme involved in the maintenance of the cellular
redox state and thereby in the biological status of cells and
tissues [7]. In several studies, low activity and expression
of SOD?2 is linked to tumour development and phenotype
[38, 39, 47]. The expression of SOD2 is also inducible by
many dietary factors such as alcohol, retinoic acid and
alpha-tocopherol and is mediated by nuclear factor NF-
kappaB [48]. The SOD2 up-regulation in this study showed
high variation between the individual blood donors which
ranged from a 1.4- to a 32.0-fold induction, which could in
part be due to differences in genetic polymorphisms. Fur-
ther investigations for SOD2 on protein level (immunoblot,
data not shown) and on activity level revealed only slight
changes. The WCE increased SOD2 activity almost two-
fold, whilst PEITC had no impact. This may be due to the
potential influence of further bioactive WC constituents
such as quercetin glycosides or hydroxycinnamic acids [3].
Discrepancies between the mRNA and protein levels of the
SODs have also been reported by others, where the mRNA
induction did not correspond to the augmentation of the
protein level or of the enzyme activity [13, 27]. All results
were explained by a translational block for the synthesis of
SOD2. In contrast to these findings, Yazdanparast et al.
[49] observed in vivo that a treatment of hypercholestero-
laemic rats, with a WCE, significantly enhanced SOD
activities in liver tissues; van Lieshout et al. [43] reported a
GPX induction by PEITC in rats. This result is comparable
to our findings, since the lower PEITC concentration
(1 uM), which can be reached after WC ingestion, induced
GPX]1 gene expression 3.7-fold.

In our experiments, we investigated the hypothesis:
whether there is a link between GST polymorphisms and
the induction of SOD and GPX in vivo. GSTs are involved
in the conjugation of the bioactive compounds such as the

1400 - p=0.054
—
E 1350 - N 1
a
3 < T
8 g 1300 - it [
a @
= L
3o
2. 1250
1200 - - |
A < t @
& ch & Qcé' & Qo‘} & Qoé & Qc‘}
all subjects GSTM1*1  GSTM1*0 GSTT1*1  GSTT1"0
subjects subjects subjects  subjects
50 -
p=0.025
48 - =
T B
>0 -
]
58 T
o £
A £ _
o=
=2
& & e & ° & e & @ &
R T e T ¢
all subjects GSTM1*1  GSTM1*0 GSTT1*1  GSTT1*0
subjects subjects subjects  subjects

Fig. 4 Changes in enzyme activity for SOD and GPX in red blood
cells after a watercress intervention [10]; mean &= SEM from all
subjects (n = 60) and subjects subdivided for GST polymorphisms
(GSTMI#0 n = 44, GSTM1*1 n = 16, GSTT1*0 n =", GSTTI*I
n = 53). Statistical analysis was performed with two-tailed, paired ¢
test. The GPX and the SOD results were standardized to red cell
concentrate hemoglobin concentration, and the final results were
expressed in U/g hemoglobin

ITCs in CV, and several studies have examined the rela-
tionship between CV intake and GST polymorphisms.
Based on the current understanding, individuals with GST
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null genotypes, especially with the GSTMI*0 genotype,
conjugate ITCs less readily and excrete bioactive com-
pounds more slowly. Thus, these subjects should have
greater amounts at tissue level, with a potentially greater
benefit for the individual. But the data are still controver-
sial, since epidemiological studies tend to support this
hypothesis by finding the greatest risk reduction in CV
consumers with the null or less active GST genotypes [25,
51], whilst other studies found a greater risk reduction
amongst subjects with the most active or expressed geno-
types [37, 46]. In this study, we have seen in vivo an up-
regulation of detoxification enzymes only in GSTMI*0
subjects. It is most likely that this marginal enzyme activity
induction of SOD or GPX in blood cells has minor che-
mopreventive effects. However, the consequence for other
tissues is not clear, since effects in blood cells could be
smaller than in other tissues. Lampe et al. [23] also
reported just slightly elevated GSTa activity after brassica
vegetable diets by 26% and total GST activity by 7% in the
GSTM1%*0 individuals, particularly women. The higher
effects compared to our study could be explained by the
more tightly controlled basal diet (vegetable free) and a
supplementation at a much higher level.

In summary, our study demonstrates that an extract from
WC modulates gene expression in human PBMC in vitro
and that this is also reflected in a modulation of enzyme
activity in vivo, particularly in individuals with the
GSTM1%*0 genotype. Questions for further studies will be
to elucidate whether this modulation of SOD and GPX
enzyme activity by CV is directly associated with anti-
genotoxic effects and if the changes in the blood cells
reflect changes that occur in other target tissues.
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