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Resctive Oxygen  Spec ies Act as Mediators in 
Endothelial Cell S ignal l ing Pathways 

Kalkobad Iranl, Stavsn Sollolf, Loren Rnsolowski, Torah Rnkel, 
Maltrayee Sundaresan, Pascal J. Goldechmldt-Clarmont. The Johns 
Hopkins University, Baltimore MD, Gerontology Research Cent~, NIA 
Baltimore MD and Cardiology Branch, N.I.H., Bethesda MD 

Generation of reactive oxygen spacies(ROS) in response to conditions such 
as Isohemla-reparfuslon has been associated with cellular damage. How- 
ever, recent evidence suggests that ROS may also be produced in response 
to cytoldnas and growth factors. We sought to investigate the role of ROS 
In endothelial cell signalling pathways. Addition of vascular ondothallal cell 
growth factor (VEGF 0.5 aM) to human agog endothelial cells (HAEC) re- 
sultad In a significant though transient increase in ROS as assessed by 
the H202 sensitive tiuorophom dichloredihydrofluorescein dlacetate (DCF- 
DA). Furthermore, direct addition of H202 or H202 + sodium orthovanabato 
(NaOV) to HAEC produced a mad~ed and dose-dependent increase In pro- 
taln tymsine phosphorylation. Specific proteins involved in tymslno kinase 
signalling activated by 1-1202 and H20= + NaOV Included the VEGF receptor 
(fit-l) Itself, mitogen activated pmtaln kinase (MAPK) and phespholtpese C- 
gamma. In addition, concentrations of H202 (+/- NaOV) that lead to tyrosine 
phnspholylation also induced changes in the ac~n superstructure and mem- 
brane ruffling. This suggests that ROS such as H20,z act as intermediadas in 
endothelial signalling pathways and may mediate eessrr~al cellular functions 
such as migration and mitosis in response to growth fat/ors and changes in 
02 tension. 

~ Transcript ional Regulat ion of  Inducible Nitr ic 
Oxide Synthase Express ion  in Cerd/ac M y ~  

Carmine v. Oddis, Mitchell S. Finkel. University of Pittsburgh, Pittsburgh, PA 

We have previously reported that Intedeukin-l# (IL-1) alone induced the 
transcription of nitric oxide synthase (iNOS) in isolated neonatal rat cardiac 
myocytas (CM). CM cultured with IL-1 for 48 hPS. stimulated nitrite (NO~) 
production, stained positively for iNOS protein and revealed mRNA for INOS 
by RT-PCR. Cytokines nave been shown to stimulate nuclear translocation of 
the transcription factor, NF-xB, in lymphocytes. The spedr¢ NF-¢B inhibitor, 
pyrmlldinedlthiocafoamate (PDTO), inhibited II.-1 indvced NO~ production 
by CM (6.7 4- 0.6 vs. 0.9 ± 0.3 nmof/1.25 x 10 s calls/48 hm.; p < 0.01; 
n = 12). Immunohlstochemioal staining revealed that PDTC Mocked II.-1 
stimulated NF-~B translocetion into the nucleus of CM. Tetrabydmbioptadn 
(BH4) is a co-factor for NOS activity. GTP cyclohydrolaso I is the rate-limiting 
enzyme in de nero BH4 synthesis. The GTP cyciohydrelese I inhibitor, 2, 
4.diamino-G-hydroxy.pydmldine (DAHP), also blocked IL-1 s~mulated NO~ 
formation by CM (6.7 4- 0.6 vs. 0.3.4- 0.1 nmol/1.25 x lO=celis/48 hrs.; 
p < 0,01; n = 12). RT-PCR revealed no INOS mRNA in ceils treated with 
IL-1 + PDTC. Cardiac myoojtes treated with |L-I + DAHP did e ~ e s s  iNOS 
mRNA. Neither PDTC nor DAHP had any effect on GTP-cyclohydrolase I 
mRNA expression in cardiac myceytes. The membrane permeable analogue 
of Bl-b,, mathyI-BH4, (mBl.b,), only partially revered DAHP inhibition of NO~ 
formation. (6.7.4. 0.6 vs, 2.4 4- 0.3 nmol/1.25 x 10 s calls/48 hrs.; p < 0.01; 
n - 12). Thus, II.-1 stimulated INOS expression in CM requires nuclear 
translocetlon by NF-~B, but optimal NO~ production additionally requires 
GTP cyclohydreleso activity. 

~ 1y ros ins  Klnase Regulation of Phosphol l imse 
D-Protein C Klnase Pathway In laohemic 
Precondi t ioning 

NilanJana Mauflk, Masazuml Watanabe, Alpad Tosaki, Daniel Engelman, 
Yu-Feng, W. Ht~ang° Richard M. Engelman, John A. Rousou, David Deaton, 
Joseph Rack, Oipak K. Dos. University of Connect/cut School of Medicine, 
Farmington, CT 

Translocation and activation of protein C kinase (PKC) has been implicated in 
ischsmio preconditioning. In an attempt to identify ths Intmcellular signaling 
pathway leading to PKC activation, we have examined the rote of protein 
tyroalne kinase (PTK) in isohemlc preconditioning. Isolated rat hearts were 
per[used for 10 rain with or without a PTK Inhibitor and then preconditioned by 
tour times repeated ischernla (5 rain), each followed by 10 rain of repedusion. 
Hea~s were sw~'.,hed to working mode and subjected to 30 rain ischemia 

followed by 30 mtn of reperfusion. Preconditioning led to the activation of PTK 
[45% vs. 20% for control] and phosphollpase D (PLD) [72 -*- 5.2 vs. 52 -~ 
4.6 for control] in concert with the increase in diacyiglycerol (DAG) formation 
[50 4- 2.1 vs. 32.4- 2.9 for control] and PKC activation [52"/0 vs. 25% for 
control]. Activation of TPK and increased second messenger production 
were associated with the enhanced tolerance of the hearts to ischemic 
reperfusion injury as evidenced by the signBcantly increased developed 
pressure (DP) [45,4 4- 1.4 vs. 35.4 ± 1.8 for control], dWdtm~ [2055 + 
89 vs. 1520 4- 63 for comml], arterial flow [24.3 ± 1.2 vs. 14.4 ± 0.7 
for coetrel] and ceronmy flow [19.6 4- 0.6 vs. 17.1 ± 0.4 for control] in the 
ischemic-reperfused hearts. Pretmatmant of the hearts with the TPK inhibitor 
completely abolished the precom~tioning phenomenon in conjunction with 
the inhibition of TPK and restoration of PLD, DAG and PKC at the central 
levels. The results of this stu~'y demonshata that PTK-PLD signaling plays 
a role in ischemio precond~oning and activation of PKC. 
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~ Abnormal  HDI-3 and Ape Al-Mediated Cel lular 
Cholesterol Etflux in Subjects With Familial HDL 
Defic iency 

Michel Marcil, Larbi Kdmbeu, Betsie Boucher, B.C. Solymoss, Jeffrey 
S. Cohn, Jacques Genest Jr.. Clinical Researoh Institute or Montreal and 
Montreal Heart Institute, Qudbec, Canada 

We have iden~md and characterized 4 probands with severn familial HDL 
deficiency (FHD) characterized by a lack of mature, a - m i ~ n g  I.pAI HDL 
parliolas. Despite thorough dinicel, biochemical and molecular characteriza- 
tion, no known cause of HDL defmiency has been identified in these families. 
We examined the possibility that a cellular defect may cause an impaired 
HDL-mediated cholesterol efllux in FHD. RbmlNests were obtained from skin 
biopsies of normal and FHD subjects. Using cholesteroHoaded ceils, selec- 
tive radiolabeling of cellular cholesterol pools were used for effiux studies. 
Rrat, confluent growth-arrestad cells were labeled with pH]-cholasterel to 
spedlioally enrich plasma membrane as established by suc~.se density gra- 
dient ur~acentdfugetion; most of the PHl-cholesterel (80-95%) was found 
within the plasma membrane, In these conditions, normal HDI..~ (1 rng/mL of 
proteins) was able to desodb [sill.cholesterol from normal and FHD cells in 
a time dependent (up to 24 hours), linear kinetic fashion, with no d~erence 
in rates of efflux between FHD and normal cells. Second, to introduce a 
high fraction of label into intracellular compartments, cells were labeled with 
[3H}cholasterol during growth. Under these conddions, ape AI or HDL3 (100 
pg/mL of pmtalue) had a mad~edly reduced effect in promoting radiolabeled 
cholesterol e~lux in FHO cells (25-30%) compared with cells from normal 
subjects. When using pH]-mavalonol~one to label cells, signircandy tess 
newly synthesized etemls are found in the plasma membrane of FHD cells, 
compared with normal cells (==2-.-3-fold). This data show that intmcellular 
cholesterol elflux is abnormal in RID fibrabtasta and suggest a defect in 
cellular tmlficking of cholesterol to the cell membrane. This would lead to the 
formation of small, lipid.dapleted nascent HDL parlJcles (prep mobility LpAi 
pmtides) that am rapidly cleared frem plasma. 

~ Abnomml  Regulation o f  the and CoA LDL-R HMG 
Reductese Genes in Subjects With Famil ial 
MHypercholesterolemia With the "French Canadian 

u ta t ion"  
Lu Yu, Shlqiang Qiu, Jacques Genoet Jr,. Clinical Raseamh Institute of 
MontrasJ; Montrda/Heart Ins//tuta, ~ ,  Q u ~  Canada 

Familial hypechetasterelemla (R-I) is seen with high f~quency in Qu(ibec, 
Canada. A large deletion ( > 10 kb), 5' end of the low density lipopretein 
receptor (LDL-R) germ includes exon I and the promoter region, and is the 
major mutation of the LDL-R in RI  subjects in Quqribec (~'60% of cases). 
No mRNA is produced from the allele beadng the mutation. LDL-R protein 
expression is under the control of the non-detation allele. We studied the 
regulation of the LDL-R and HMG CoA red. genes in response to lovastatin 
(Lova) In cultured human skin tibrablasts. We determined mRNA levels of 
the LDL-R and HMG CoA red. genes by RNase protection assay in skin 
flbroblasts obtained from controls (n - 3) and subjects with RI  (n = 6). 
We measured t=SI-LDL binding on skin tibroblasts grown in the presence of 
lipoprotalo defldant serum with, or without Leva. Control subjects oxhfoited 
coordinate regulation of the LDL-R and HMG CoA red. genes in response 
to Lova, 0.1-25 pM, for 0 to 24 bourn. Correlation coetficionts between 
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mRNA levels of beth genes were 0.97 in controls, 0.96 in FH. Although the 
genes were coordinately regulated in FH fibmblasts, there was a marked 
up-rogulation of the HMG CoA red. gane compared with the LDL-R gece 
in FH subjects. Peak mRNA levels of the LDL-R geue was apprcxlmataly 
5.31 told over LPDS in controls, 1.73 told in FH. IeSI-LDL binding studies 
confirm that FH subjects increase the amount of LDL receptors in response 
to I_ova, 5 pM. We conclude that the LDL-R and HMG CoA reductase genes 
are expressed in coordinate regulation in fibrcbfaste from subjects with FH 
dzm to the > 10 Kb deletion, but with a proportionately greater up-regulation 
of the HMG CoA reductase gece. Soma subjects with FH due to the > 10 Kb 
deletion of the LOL-R gane who fail to respond to HMG CoA red. inhibltors 
have abnormal LOL-R gone up-regulation in response to [.ova in.vitro. 

~ Unkege  o f  the Apo ClII Mlcrosatel l i te With 
Isolated Low High Density L ipoprote ln  
Cholestero l  

Cecilia M. Devlin, Karen I. Zellar, Valede L. Prenger, Michael Miller. 
Baltirnom Veterans Affairs Medical Center; University of Maryland Medical 
C.enfer, Baltimore, MD 

Low levels of high density lipoprctsin cholesterol (HDL-C) ( < 35 mg/dL) 
and its primmy apolipopreteln, apo AI, are associated with premature coro- 
nary artery disease (CAD) even with desirable total cholestsml levels ( < 
200 mg/dL). To evaluate the familial basis of isolated low HDL-C, a na- 
tionwide search of normochoioslerolemio subjects with HDL-C < 20 rog/dL 
was conducted. Seven unrelated probands (mean HOL-C = 9 4- 5 mg/dL) 
and 96 biological family members were identified. Five prohands developed 
premature CAD (mean age = 45 ~ 4). Extracted ganomic DNA ,"tom each 
subject was used to determine whether a highly polymorphio region within 
the apolipopmtein AI-Clit-AIV gone complex segregated with isolated low 
HDL-C. The size of the alleles of the (CaThie mtcrosatellite within intron 3 cf 
the apo CIII gone was assessed following PCR amplification and danaludng 
polyac~jlamlde gel alectrophorasis. Using quantitative slb-palr analysis them 
was strong evidence for linkage of this microsatelllte with the reduced HDL-C 
phenotype (P < 0.005). Thasa results suggest a potentially important role 
for the apo Ctil microsatollite region In ~a genetic screening Of families with 
isolated low HDL-C associated with premature CAD. 

M y o c a r d i a l  I n fa r c t i on :  B a s i c  II 

Wednesday,  March  27, 1996, 3 :00 p .m . -5 :00  p.m. 
Orange  Coun ty  Convent ion  Center,  Hal l  E 
Presenta t ion  Hour :  3:00 p .m. -4 :00  p.m. 

~ C a n  Lactate, Per ,Re, Induce Cardiac 
Precondi t ioning? 

Francesca Arest~, Gary Garctanblith, Konrad Vandegaer, Robert G. Weiss. 
The Johns Hopkins Hospital, Baltimore, MD 

The contractile benefits associated with cardiac "preconditioning" (IPC) in- 
duced by exposure to bdef periods of tschemia, hypoxla, and to adenosine 
may be related to activation of K^~ channels. Lactate also activates KAn, 
channels. To test whether repeated transient lactate exposures, resulting 
In tissue lactate levels similar to IPC, but in the absence of ischemia, can 
provide similar "preconditioning" beneF~, isolated, retregradely perfused rat 
hearts were subjected to althere "laotete-preoaedltiontog" protocol (LP) con- 
sisting of two 5-minute exposures to 15 mM lactate and two 5.minute pedods 
of reflow with normal buffer (n = 6), to a previously reported IPC protocol 
composed of two 5-minute iscbamla reperfosion cycles (IP, n = 5), or con- 
trol padusion ((3, n = 5). Subsequently all hearts underwent 30 minutes of 
normothermio, total ischamla (I) followed by 30 minutes of re.w. Tissue 
levels of lactate (10.5 ± 0.3 versus 10.5:1:0.5 mmol/gWW) and contractile 
dysfunction (developed pressure (DP) 89.2 -I. 4.4% and 09,8 ± 3.9% of 
initial) were slmUar in LP and IPC hearts, respectively, before the prolonged 
Ischemia poded. The recovery of DP after 30 rain of I, however, was higher 
in IPC hearts than In C and LP reaching, respectively, 56.8 ± 3.4%, 14,2:1: 
6,8%, and 9.5 • 3.6°/= of the basel(he values. EDP was lower during raper= 
fusion in IPC hearts than in LP and C hearts, and there were no significant 
differences between the latter two groups (36.2 4- 3.5, 82.0 ± 2.9, and 81.2 
-I- 0,5 mmHg, respectively). Thus, transient lactate exposure resulting in tis- 
sue lactate levels similar to IPC does not improve contractile recovery after 
prolonged ischemla and therefore cannot be a mechanism which explains 
the protective Meets observed in preconditioned myocardium. 

• Releaso o f  Soluble Myocard ia l  Oepressant 
Activity by Reper fused Myocard lum 

Ruplnder Brat, Anand Kumar, Gary Schaer0 Steven Haltenberg0 
Tony Hursey, Yiton Sun, Joseph Pamllo. Section of Cardiotogy, Rush 
Medical College, Chicago, IL 

Myocardial ischemla followed by repedusion is associated with injury and 
myocardial stunning. Circulating cytoklnes may play a rote in reperfusion 
injury. Methods: We examined effect of serum from dogs undergoing LAD 
occlusion and reperfuslon on contractility of beating myecytes. Anaesthetized 
dogs (11 = 3) were subjected to 3 hours of LAD occlusion and 3 hours of 
reperfuslon. Control dogs (n = 3) underwent sham occlusion. Coronary sinus 
serum from each dog was collected preecclusion (PRE), end occlusion (END 
OCC 170 mini, early reperfusion (EARLY REP, 5 rain) and late reperfusion 
(LATE RER 170 mio). Myocardial depressant activity in eat:; sample (n = 
6) was evaluated using a previously described assay employing incubation 
of serum with isolated contracting cultured rat cardiac myocytas. Myocyte 
contractility was assayed by measuring the amplitude of displacement of a 
latex bead embedded in the cell membrane at baseline and at 30 minutes 
following incubation with serum. Results are mean ± SEM of the baseline 
dlsplacomanL Results: Significant myocardial depressant activity was seen 
at END OCC (p == 0.02), and EARLY REP (p = 0.001). The effect was largely 
revereed at LATE REP (see figure). Control dogs showed no significant 
depression. 

Myocyte Contractility 
after O¢¢lualon- 

i ,coRepeffua~n * P<0.02 

Conclusions: These findings demonstrate circulating myocardial depres- 
eant activity In eiferent blood after coronary occlusion, with the greatest 
depression ~:curdng during early reperfusion. Soluble circulating media- 
tors may be important in the pathogenetic mechanisms causing repedusion 
associated myocardial depression (stunning). 

~ H l g h  Extracallular K* During Hypoxi¢ 
Precondition!ng Episodes Attenuates the 
Post- lschemic Contract i le  and Ionic Benef i ts  o f  
Precandi t ioning 

Keith M. Saurngarten, Gary Gerstenblith, Robert G. Weiss. The Johns 
Hopkins Hospital, Baltimore, MD 

Hypoxio preconditioning (PC) Improves contractile recovery and decreases 
calcium loading following ischemia (I) and reperfusion (R). This may be 
mediated via activation of KATp channels and a resulting decrease in the trans- 
earcolemma K gradient. To test whether changing the trans-sarcolemma K 
gradient during the PC pedod changes its benefits, isolated isovalumic rat 
hearts were subjected to two, 5 rain intervals of hypoxia, separated by 5 rain 
of normoxic retiow, In the presence of normal K (5 mM, NmlK-PC) and of 
high K (10.3 raM, HiK-PC). Developed pressure (DP) and cellular Ca and K, 
by atomic spectroscopy using KCoEDTA as an extracellutsr marker, at 45 
rain of R after 30 rain of total I were compared to those of control hearts (C), 
which did not undergo any PC. (Results at 45 rain of R: mean :1: SO; C~ ++ 
before I = 4.1 -4- 2.0) 

DPas ~ Ca ++ 
% of initial (p, moVg dry) (p.moYg dry) 

C 14.1.4- 8,0 (n = 14) 166 :t:46.5 (n = 9) 19.44.6.8 
NmIK-PC 72.2~20.7 (n = 12) 231 :l: 17.7 (n = 5) 12.94-3.3 
HIK-PC 31.7 :t: 19.6 (n = 12) 186 :]: 54.6 (n = 4) 22.94.1.6 

Thus, the trans-sarcolemmal K gradient during the PC peflod influences 
PC effects; decreasing the gradient decreases preconditioning's favorable 
Influences on contractile recovery and calcium loading during repertuston. 




