December 2010

Trade Science Ine.

ISSN : 0974 - 7427 Volume 4 | ssue 2

BIOCHEMISTRY

A Judian Joaraal

— Regulor Peper

BCAIJ, 4(2), 2010[98-103]

I nvolvement of catecholaminesin congestive heart failure, linked to lack of
vitamin D and increased epider mal growth factor-receptor (EGF-R) production

Nadia M.Hamdy'*, Lamiaa El-Wakeel?
1Biochemistry Department, Faculty of Phar macy, Ain ShamsUniver sity, Abbassia 11566, Cairo, (EGYPT)
2Clinical Pharmacy Department, Faculty of Phar macy, Ain ShamsUniver sity, Abbassa 11566, Cairo, (EGYPT)
E-mail: nadial hamdy@yahoo.com
Received: 26" May, 2010 ; Accepted: 5" June, 2010

ABSTRACT

Objective: Inorder to evaluate therole of sympathoadrenomedullary sys-
tem in the causative mechanism of the anginal attack, the hemodynamic
changes in heart failure were observed in 50 patients with congestive
heart failure (CHF), compared to 20 normal subjects, and 20 patientswith
essential hypertension (HTN), all of whom had similar lifestyles; the over-
all agerange was 18-60 years. Hence, we compared vitamin D, parathyroid
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hormone (PTH), calcium, lipids, the acute phase reactant high-sensitivity
C-reactive protein (hsCRP), fibrinogen, serotonin, norepinepherine (NE),
and human epidermal growth factor receptor (EGF-R) between these
groups. Results: This study confirms a strong association between cat-
echolaminesaswell as EGF-R levelswith PTH and low vitamin D levels,
being rel ated to hyperlipidemiaand inflammation (hsCRP and fibrinogen)
in CVD. Conclusion: Thisstudy indicatesthat increased levels of lipids,
fibrinogen, PTH, proinflammatory marker(s), catecholamines, and EGF-R,
aswell aslow vitamin D, contribute to the complex process of atheroscle-
rosis in hypertensive patients that leads eventually to CHF.
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INTRODUCTION

Cardiovascular disease (CVD) being aleading
cause of death, will reach epidemic proportionsin de-
vel oping countriesby theyear 20201, Hypothesescon-
cerning the pathogenesis of CVD havefrequently in-
cluded both hemogtatic and inflammatory mechanisms.
Fibrinogen levelsare positively associated with risk of
thrombosisaswell as being an indicator of acutein-
flammatory response?. Theepidermal growth factor
receptor (EGF-R) isthe prototypical member of the

family of receptor tyrosine kinases, awealth of evi-
dence hasestablished that adl EGF-R family members
areessential tonormal cardiovascular devel opment!®.
Early studiesreported the preva ence of depressonto
befrom 18% to 60% in patientswith CHF“. Hence,
it isimportant to devel op meansto more accurately
predict CV D eventsasdepression. Assessing for de-
pressioninthe CHF patientsrequiresmore understand-
ing of therisk factorsfor depression aswell astheir
relation torisk information independent of high dengity
lipoprotein (HDL ) cholesteral, total cholesterol (TC)
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and other typical cardiovascular risk factors. In addi-
tion, noncompliance because of cognitiveimpa rment,
depression can disrupt positive outcome. Several in-
flammatory markersincluding high sensitivity C-reac-
tive protein (hsCRP) have been identified in athero-
scleroticlesiond®. Thisinflammatory processcontrib-
utesto precipitate acute thrombotic complicationg®.
Circulatinglevel sof the pro-inflammeatory cytoking(s),
growth factor(s), and their soluble receptors(R), as
EGF-R, may beassociated with CHF severity!. More-
over, EGF-Rishypotheszed to beinvolvedin thecom-
pensatory mechanismsfollowing cardiac stress, which
needsto beexploredin relation to the serum levelsof
vitamin D (25(OH)D) and catecholamine, namely;
norepinephrine (NE) and serotonin, known to bein-
creased in patientswith CHF®l,

Therefore, thisstudy aimed to evauatecirculating
EGF-R concentrations and whether serum EGF-Ris
associated with serum levels of hsCRP, fibrinogen,
25(0OH)D, PTH aswell asseretoninand NE levelsin
CHF patients, and henceto exploretherelationship
betweenthem. Sinceit iswdl known that subjectswith
CVD have multiplerisk factorsthat potentiate each
other, welimit our study to non-smoker, non-obesemde
individuals. Thisstudy isoneof our group’s studies on
CV riskand CVD, to explorethemechanismsand con-
sequencesreated to thisdisorder.

METHODS

Subjects

The studied groups included (n = 90) males, of
which (n=20) maesserved ashed thy controls(group
). The control group was sel ected from subjectsthat
attended the outpatient endocrineclinic at Ain Shams
University Specialized Hospitals (ASUSH). None of
the healthy controlsweretaking any medication or di-
etary supplements. Patientsenrolled inthe study were
classfiedinto thefollowing groups: hypertensive sub-
jects(group I1) (n = 20), they were selected from pa-
tients attending the Cardiol ogy Department ASUSH.
Group Il (n=50) CHF patientsadmitted to the Inten-
sveCare Unit-Cardiology Department ASUSH. They
were diagnosed as CHF based on conventional crite-
ria i.e, typica clinica symptomsof exertiona breath-
lessness plus echocardiographic evidence of impaired
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left ventricular (LV) systolicfunction (LV gectionfrac-
tion [EF] <45%).

The study was approved by the Committee on
Medical Ethicsof ASUSH. Thestudy was carried out
in accordance with the regul ationsand recommenda-
tionsof the Declaration of Helsinki. All subjectsgave
their writteninformed consent prior to participation. A
detailed medical history and drug trestment(s) werecol-
lected for all subjects. Thefollowing clinical informa:
tion wasobtained fromdl participants. current medica:
tion consumption, presence of macrovascular disease
andfamily CV history. Excluson criteriawereunstable
cardiac disease, such asdecompensated heart failure
or unstable anginapectoris, prior anthracycline-based
chemotherapy, and seriousuncontrolled concurrent dis-
ease, or concurrent malignancy, and liver disease. Sig-
nificantly more CHF than HTN patientsweretaking
angiotensin-converting enzymeinhibitorsand/or angio-
tensin-receptor blockers (68% vs. 40%) and diuretics
(63% vs. 14%); both p < 0.05. However, the propor-
tion of patientstaking other medicationswassimilarin
theHTN and CHF groups: antiplatel et agents, beta-
blockers, statins, and antianginal agents (nitrates, cal-
cium antagoni<ts).

Body massindex (BMI) wascaculatedasanin-
dex of theweight in kilogramsdivided by the square of
theheightinmeters.

L aboratory procedures

All subjectswere advised to takeno medicationon
themorning for blood samplecollection. Plasmawere
separated, diquoted first for the measurement of fast-
ing blood glucose (FBG)™® and lipids|[total cholesterol
(TC) and triacylglycerol (TAG)!*Y] by using stan-
dard enzymatic techniques. High-density lipoprotein
(HDL) chol esterol was determined after precipitation
of apolipoprotein B-containing lipoproteing*?. Finaly,
low-dengity lipoprotein (LDL) cholesterol wascal cu-
lated according to the Friedewa d Formula(FF)*3. The
referencevaluesfor thelipid profilewereaccordingto
established guiddines™.

Fibrinogen level swere determined with the modi-
fied Claussmethod (Technoclone GmbH, Vienna Aus-
tria)l*¥. Cd cium wasdetermined by reactionwith me-
thyl-thymol blug*l.

Plasma aliquots were kept frozen at -70°C for
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hsCRP, PTH, vitamin D, and EGF-R determinations
using an enzyme-linked immunaosorbent assay (ELISA
kits) procedures. High-sensitivity C-reactive protein
was determined using kits supplied from DRG Inter-
nationd Inc (Mountainside, NJ). Immunoenzymetric
assay wasused for quantitative measurementsof PTH
from DIAsourceImmunoAssaysS.A. (Belgium). Ad-
ditionally, vitamin D was estimated as 25(OH)D in
serum by EIA kit supplied by R& D Systems (Minne-
apalis, Minnesota, USA). However, EGF-R determi-
nation was done by kitsfrom Invitrogen Corporation
(Carlsbad, California, USA). All ELISA procedures
were carried out according to the manufacturesin-
structions. Finally, plasmalevel s of monoamines; se-
rotonin and NE were estimated according to Pagel et
al. (2000)17,

DATAANALYSIS

All gatigtica anayseswereperformed using SPSS
version 17 software package. Data are presented as
mean+ SD. To determine differences between groups,
andyssof variance(ANOVA) followed by Bonferroni’s
post-hoc analysiswas used for multiple comparisons
between different groups. Correl ationsbetween differ-
ent parameterswere eval uated by Pearson’s rank cor-
relation (r). Significancewas set at P <0.05.

RESULTS

Theclinical and demographic dataof the partici-
pants are presented in TABLE 1. Asindicated in
TABLE 2, themean+ SD of hsCRP, fibrinogen, EGF-
R, Ca, PTH, and catecholamines|evelswere signifi-
cantly higher in the CHF group compared with those
obtained in the HTN group (P < 0.000). However,
25(0OH)D showed adecreasing trend in thissamedi-
rection. In CHF group (n=50) (TABLE 3a), asignifi-
cant negative associ ation wasfound among fibrinogen
and 25(0OH)D. Also, asignificant positive correation
was observed between catecholamines and TAG,
hsCRP (serotonin), fibrinogen and EGF-R (NE).
Moreover, EGF-R relationto hsCRPwas positive and
significant (P<0.05).

Moreover, TABLE 3b, emphasizesthe correla
tion coefficients in CVD patients (groups 11, I11)

TABLE 1: Clinical and labor atory characterigicsof thestud-
ied groups; control subjects(group 1), hypertensive subjects
(HTN) (group I1) and patientswith congestive heart failure
(CHF) (group1l). Dataaremean+SD.

Group | Group Il Group 111
n 20 20 50

Age (years) 49+ 6 51+6 52+ 6
BMI (Kg/m?) 20+0.74 20.3+0.7 202+0.7
MAP (mmHg) 845+26 1025+1.1% 123+32%"
FBG (mg/dL) 825+6 8425+225 823+56
TAG (mg/dL) 1125+4 17345+ 142 243+173°
TC (mg/dL) 1675+11 245+7% 314+ 113°
HDL-C (mg/dL)  45+4 3pBL1? 23+22P
LDL-C(mg/dL) 100+12 175+85?% 243+122°
TC/HDL-Cratio 37+04 68+03% 14+142°

NOTES: n = number of participants, BM| = body mass index;
MAP = mean arterial pressure; FBG = fasting blood glucose;
TAG = triacylglycerol; TC = total cholesterol; HDL-C = high-
density lipoprotein—cholesterol; LDL-C = low-density lipopro-
tein—cholesterol.

a Significantly different from group | at P < 0.0000.

b Significantly different from group 11 at P < 0.0000.

TABLE 2: Serum concentrationsof thestudied parameters
in control subjects(group 1), hypertensivesubjects(HTN)
(group 1) and patientswith congestive heart failure (CHF)
(group I11). Dataarepresented asmean + SD.

Group!l Groupll  Grouplll
n 20 20 50
hsCRP (mg/L) 26+046 52+09°% 13+12°2°
Fibrinogen (mg/L) 207+8 256+13% 416+16%°
EGF-R (fmol/mL) 6.25+1 925+06% 12+0.7%"
Cacium(ng/mL) 10+0.6 9.6+0.6% 12+042"°
PTH (mg/L) 61+2  141+4°® 2655+122°
VitaminD (ng/mL) 456+1 404+1% 364+1%°

Serotonin (ng/mL) 100+ 5.6 173+12.22% 229+853"
NE (pg/mL) 112+ 114 466+25% 785+793°
NOTES: n =number of participants; hsCRP = high sensitiv-
ity C-reactiveprotein; EGF-R = epidermal growth factor re-
ceptor, PTH = par athyroid hor mone; NE = noepinepherine.

a Significantly different fromgroup | at P <0.0000
b Significantly different fromgroup Il at P <0.0000

(n=70), whereinflammation increased significantly
when BPincreased, which were dependent onthelipid
profilesignificantly, and so did fibrinogen, PTH, cat-
echolamines (serotonin and NE) and finally EGF-R
increased inthat direction significantly (P = 0.0000).
However, 25(OH)D were negatively associated with
them (P=0.0000).
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TABLE 3a: Correlation coefficients(r) of different param-
etersin patientswith congestiveheart failure (CHF) (group
[11) (n=50).r =Pearson’s rank correlation coefficients.

Fibrinogen EGF-R Serotonin
TAG 0.281*
hsCRP 0.28* 0.341 **
25(OH)D - 0.357- **
NE 0.343 ** 0.373 ***

* Correlation is significant at the 0.05 level.

** Correlation is significant at the 0.01 level
*** Correlation is significant at the 0.0000 level
--- Non significant correlation.

—— Regdular Peper
DISCUSSION

Evidence for the pathophysiologic role of both
thrombotic and inflammatory influenceson CV D con-
tinuesto accumulate?. Inthisstudy, 25(OH)D defi-
ciency isassociated with increased CVD risk (fibrino-
gen) aswell asdepression, above and beyond estab-
lished cardiovascular risk factors (BMI and lipids pro-
file). The higher risk associated with 25(OH)D defi-
ciency was particularly evident among individua swith
high BP. Fibrinogen levelsareknownto beincreased

TABLE 3b: Correation coefficients(r) of different parameter sin car diovascular diseasepatients(groupsll, [11) (n=70).r =

Pear son’s rank correlation coefficients.
hsCRP Fibrinogen PTH 25(0OH)D Serotonin NE EGF-R

MAP 0.899*** 0.942***  0.947 ***  -0.845-***  0.901*** 0.848*** 0.800***
Fibrinogen 0.923*** -0.895-*** 0.913*** 0.913*** 0.878***
PTH 0.934*** 0.960*** 0.925*** 0.888*** 0.872%**
25(0OH)D -0.844-***  -0.895-*** -0.815-*** -0.815- -0.774-***
Ca 0.904*** 0.861*** 0.872%**
Serotonin, NE 0.888*** 0.913*** 0.888***  -0.815-*** 0.856***
hsCRP 0.923*** 0.934***  -0.844-*** 0.919*** 0.888*** 0.870 ***
HDL-C -0.891-***  -0.930-***  -0.949*** 0.855*** -0.882-***  -0.882-***  -0.843-***
TC, TAG, LDL-C 0.874*** 0.903*** 0.883***  -0.844-*** 0.892*** 0.892*** 0.740***

*** Correlation is significant at the 0.0000 level

by many non-genetic factors, e.g. advancing age, smok-
ing, obesity, oral contraceptive use, and estrogenre-
placement therapy!?. However, acquired metabolic
conditions, e.g. obesity, insulin resistance and type 2
diabetesa soincreasefibrinogen levels, hence, were-
stricted our work on nonsmoker, non-obese,
normoglycemic mal eswith age and sex matched sub-
jects. Fibrinogen has been identified asamajor inde-
pendent risk factor for CVD. Fibrinogen hasa so been
associated with traditional cardiovascular risk factors,
suggesting that elevation of fibrinogen may beapath-
way by whichtheserisk factorsexert their effect. There
are severa mechani sms by which fibrinogen may in-
creasecardiovascular risk™, First, it bindsspecificdly
to activated plateletsviaglycoprotein [1b/111a, contrib-
uting to platel et aggregeation. Second, increased fibrino-
genlevelspromotefibrinformation. Third, itisamagor
contributor to plasmaviscosity. Finaly, itisan acute-
phasereactant that isincreased ininflammatory States.

Serotonin receptorsareinvolved in cardiac hyper-
trophy through theregul ation of hypertrophic cytokines.

--- Non significant correlation.

Moreover, thegeneration of reactive oxygen speciesand
inflammeatory cytokines (hsCRP) through theactivation
of reduced ni cotinami de-adeninedinuc eotide phosphate
[NAD(P)H] oxidasehasbeenimplicatedin cardiac hy-
pertrophy. associated with superoxide anion produc-
tion*®, Increased platel et aggregetion, inresponsetoin-
flammation, contributesto the devel opment of athero-
sclerosis and increases the risk of CHF. EGF-R is
considered to play arolein cardiac (patho) physiology.
Circulatinglevd sof thepro-inflammeatory cytoking(s) and
growth factorsare e evated in patientswith CHF. Fur-
thermore, theseproteinsareassociated with heart failure
severity andincreased cardiomyocyte gpoptosisinthese
patientd”. Thedevated serum EGF-R in CHF patients
could suggest that EGF-R playsarolein cardiac patho-
phys ology, whichmay berdevantinthelight of themecha:
nismsrespons blefor fibrinogen-rd ated cardiac dysfunc-
tion. Hypothetically, loss of cardiomyocyteexpressed
EGFR may resultinlossof functiona myocytesleading
tofunctiona impairment and CHF?. In our CHF popu-
lation, we observed aninverse association between se-
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rum EGF-R levelsand both HDL-C and 25(OH)D.

Onepossible explanation for theincreased serum
EGF-Rlevelsin CHF patientsisincreased shedding of
cardiomyocyte membrane-expressed EGF-R. An al-
ternative explanation for theincreased serum EGF-R
levelsmay bedtered splicing of primary EGF-R tran-
scripts. It can aso beimagined that the EGF-Rispro-
duced as an epiphenomenon by other organs, or asa
result of systemic responses, such as passive conges-
tion, ischaemiaor asan acute phasereactant(s), namdly;
hsCRP and fibrinogen.

When raised TAG coexigswith an atherogenic cho-
lesteral profile, the overal risk isenhanced®. Signal-
inginvascular cdllsinvolvesprimarily the mitogen acti-
vated protein kinase pathway with participation of the
EGF-R?. Thestructura basisfor the devel opment of
CHF occurssecondarily to post-myocardid infarction,
hypertensivehypertrophy, or cardiomyopathy. Both cel-
lular and extracellular factorsareinvolvedinthere-
modeling processand itisthe combined action of these
factorsgiving riseto changesinmyocardia structure
which eventudly affectsfunction??. In our study, many
bi oactive mol ecul es such as cytokines/chemokines,
bi oactive pepti des, and neurohormoneswhich are op-
eraivein CHFlikdy contributeto theinduction of EGF
R. For example, aspecific cassette of transcription fac-
torsislikdyinduced with extracd lular gimuli inthecon-
text of CHF whichinturninducesEGF-R.

Fbrinogen waseevatedinthe CVD groups(Il and
[1). Itisquite possiblethat elevated level sof thispro-
tein over timecontributeto theinduction of EGF-R. Fi-
brinogen and Camediating platel et adhesiontoinjured
endothdlium or exposed subendothelium playsacritica
roleinthedevel opment of vascul ar disease®; whether
thispertainsto the development of CHF inhumans’ re-
mainsto beproven. Platel ets a so appear tobeaninte-
gra part of theinflammatory processand may directly
initiate aninflammatory response of thevessd walli3,

Thehigher risk associated with 25(0OH)D deficiency
wasparticularly evident amongindividua swith high BP
(correlated negatively). Thisisin accordancewith the
concept that CHF iswell recognized to be associated
with elevated inflammatory markers such ashsCRP.
Cytokines may beinvolved inthe pathogenesis of en-
dothelid dysfunction by modulating the balance between
production of growth factorsreceptors and vasocon-
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strictorg?¥, aswe can seein our study. Moreimpor-
tantly, therewas astrong and independent correlation
between hsCRP levels and catecholamines and
25(0OH)D, suggesting that inflammatory mechanisms
may beresponsiblefor activating thedepressvemecha:
nismsin CHF.

Which CameFirst? Isdepression associated with
other conditionsthought to beassociated with 25(OH)D
deficiency, such asheart disease and hypertension®!,

For example, thereisastrong associ ation between
heart disease and depression, and countlesstheoriesto
explainit. Theobviousone—that heart disease would
cause anyoneto get depressed—is incorrect. You see,
depression often precedesthe heart disease, suggest-
ingathird factor causesboth??. Therefore, if heart dis-
easeisassociated with depression thenthe possibilities
are depression caused the heart disease, heart disease
caused the depression, or an unknown factor(s), per-
haps 25(0OH)D deficiency, caused someportion of both
the depression and the heart disease.

Does25(0OH)D Affect The Brain? Vitamin D rap-
idly increasesthein-vitro genetic expression of tyrosine
hydroxylase (therate-limiting enzymefor the catechola-
minebiosynthess) by threefold.

Levelsof the catecholamine; serotoninand NE, has
beenidentified to beincreasedin our patientswith CvVD
and morein the CHF group. Norepinepherineisable
to signal through both a- and B-adrenergic receptor
systems. NE sgnding throughthe Gas-protein coupled
B1 receptor results in the activation of adenylyl cyclase
and increased CAMPlevels. In addition, PKA can ac-
tivatetheMAPK pathway inducing other downstream
responses?. By extension, activation of the MAPK
pathway caninducetranscription factorssuch asc-Jun,
GATA-4, and NF-xB. Moreover, NE is able to signal
through the a-adrenergic receptor system. The al re-
ceptor is coupled to aGaq protein and results in the
activation of PLC, IP3, DAG andfinally PKC.

CONCLUSION

In addition to systemic HTN and potentially
vascul opathic medications, CHF patientsare exposed
to anumber of atherogenic and vascul opathic factors
indudingeevated TC/HDL-Cratio, TAG fibrinogen, Ca,
PTH and EGF-R levels, together with a reduced

An udéan Journal



BCAIJ, 4(2) December 2010

Nadia M.Hamdy and Lamiaa EI-Wakeel

103

25(0OH)D andHDL-Clevd. Itislikey that many of these
factors contributeto the devel opment of CHF with de-
pression. Theobsarvationthat many of theseatherogenic-
vascul opathic markersare already present in CHF pa-
tientsrai sesthe question of whether thetrestablefactors
should bethergpeuticaly gpproached (e.g., Satintherapy,
vitamin supplementation) after heart failure. Dydipidemia
andfibrinogen platel et activation, as surrogate markers
of CV inflammation, aredevatedin hypertensvepatients
and morein CHF patients. Thesepatientspresent ahigh
risk for CHF and need early aggressiveintervention. H-
brinogenisof particular interest snceit may act through
two independent pathophysiol ogic mechanisms, i.e.
thrombosisand inflammeation. A better understanding of
the genetic determinantsof fibrinogenleve sand how they
influencethedevel opment of CVD anditscomplications
will assistin fashioning better preventiveand treatment
strategiesfor thisvery serious public health problem.
Serum EGF-R leve sin our popul ation of CHF patients
wereincreased compared controls, which suggeststhat
EGF-R playsarolein heart failure. Theoriginand un-
derlying pathophysiologica mechanismsfor thehigher
circulating levelsof EGFR remain unclear and require
further investigation. Evidenceexiststhat depressonis
associated withCVD, HTN, and low boneminera den-
sty dl illnessesthought to be caused, inpart, by 25(OH)D
deficiency. Findly, 25(OH)D hasprofound effectsonthe
brainincluding theneurotransmittersinvolved inmgor
depression.
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