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• Consideri.ng the demonstrated 13 rophecies are often wrong; but
benefits, it may seem rhetorical to - here are mine. First, combina-
ask why ACE inhibitors are so pop- tion therapy with an ACE inhibitor
ular. I believe that their widespread and a diuretic is going to become
use has come about because of a far standard first-line treatment for
deeper and better understanding hypertension and for heart failure.
of the basic science involved. Few Diuretic therapy is already first-
clinical cardiologists knew about line for both of these conditions, low
the renin-angiotensin system 20 doses for hypertension and higher
years ago. Now the role of this sys- doses for heart failure. By virtue of
tem in circulatory control is under- the therapeutic sodium loss, how-

" stood by almost all. ever, diuretic therapy induces re-
The current emphasis has swung lease of plasma renin from the

to the role of angiotensin II as a kidneys and increases circulating
growth factor, helping to regulate vasoconstrictive angiotensin II, an
early stages of protein synthesis adverse development for both hy-
pathways. It is clear that more and pertension and cardiac failure.
more attention will be given to the Hence the logic of the combination.
cellular mechanisms underlying Secondly, at a molecular level,
myocardial and vascular growth, there will be a more precise under-
with the object of achieving optimal standing of the role of local tissue
remodeling in response to enhanced renin-angiotensin systems, exactly
intraventricular or intravascular what they do and how they can be
mechanical stress. Likewise, the controlled. The link between these
harmful effects of hypertension on systems and proto-oncogenes will
the intravascular pressure within become apparent. ACE inhibitors
the renal glomeruli will come to will be combined with other modal-
be better understood, especially in ities to adequately control unwant-
the case of hypertension combined ed protein synthesis.
with diabetes. Thirdly, the potential protective

Our understanding of the ac- role of the ACE inhibitors on the
tions of the ACE inhibitors ad- vascular endothelium and against
vances along with the molecular infarction will lead to better com-
biology because trials in patients prehension of the endothelium as
with vascular and left ventricular a site for therapeutic drug action.
hypertrophy have kept pace. Aca- After further research on the mes-
demic and pharmaceutical re- sengers involved in the protective
searchers have worked closely to- effect of the ACE inhibitors, these
gether for the advance of knowledge agents will in my opinion have a
and the ultimate benefit of the far better understood role in pre-
patient. I think it is these concor- venting the vascular complications
dant developments that have made of hypertension, heart failure, and
these agents winners, diabetes.

RECENT REVIEWS Tomas Endre et al., Journal of Hypertension 12:81-88. Januar, 1994.

Lionel H. Opie: Angiotensin-Converting Enzyme Inhibitors: Scientific Insulin resistance in normotensive relatives of hypertensives.)
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Eugene Braunwald: ACE inhibitors: A cornerstone of the treatment of inhibition, glucose tolerance, and insulin sensitivity.
heart failure (editorial). New England Journal of Mediine 325:351- Edmund J. Lewis et al., New England Journial of Medicine 329:1456-
353, August 1, 1991. 1462, November 11, 1993. 1Captopril in diabetic nephropathy.I

Colin I. Johnston: Tissue angiotensin converting enzyme in cardiac and Victor Dzau, G.H. Gibbons, and R.E. Pratt. Hypj teesioni 16 (suppl. 111:11
vascular hypertrophy, repair, and remodeling. Hypertension 23:258- 100-11 105, 1991. [Local vascular renin-angiotensin system.1
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Archives of Internal Medicine 154:737-743, April 11, 1994. ILow-dose
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Sydney H. Croog et al., New England Journal of Medicine 314:1657- Bjorn Dahlof and Lennart Ilansson, Journal of Hypertension 10:1513-
1664, June 26, 1986. [The "quality of life" study. 1 1524. December 1992. I Diuretic vs. ACE inhibition. I
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Strategies for the
Control of Malaria
by G. Thomas Strickland and Stephen L. Hoffman

The most virulent of the F orty years ago, encouraged still developing protective immuni-
four malaria parasite by the potency of residual ty, and primigravid women are the

species that infect -insecticides such as DDT most susceptible. Children in en-
against malaria's mosquito vec- demic areas who die of malaria of-humans is resistant to tors, the World Health Organiza- ten have diarrhea, measles, malnu-

drugs in most endemic tion undertook a major campaign trition, or severe anemia that may
areas. Eradication of to eradicate the disease. Yet malar- be considered the cause of death.

the mosquito vectors ia today causes more human mis- It is reasonable to suppose that

with residual insecti- ery than ever before. Mosquitoes malaria contributes to 3 to 4 mil-
developed resistance to insecticides, lion deaths a year worldwide.

cides is not a practical and parasites to drugs. Poverty,
possibility. Using insect ignorance, social disruptions, and Strategies Differ

repellants, screening, often inadequate national resources Among Populations
and bed nets to prevent for malaria control (and for other
transmission is safe and preventive health efforts) hamper Strategies for malaria control in

what might otherwise be effective nonimmune individuals who travel
effective but far from measures. to areas where malaria is endemic

universal. Development Malaria has a massive impact differ from control of the disease in
of new drugs continues, in sub-Saharan Africa, where it is semi-immune populations. Travel-

along with attempts to the leading killer of children under ers from developed countries are

engineer genetically 5. It is a major problem in south- liable to severe infections, and at
ern Asia and western Oceania; in least 10 to 20% of them, having no

modified mosquitoes. parts of Southeast Asia Plasmo- immunity to P. falciparum, will die
Although development dium falciparum infections are re- if not diagnosed or if inappropri-

of vaccines against the sistant to all commonly used drugs. ately treated.

antigenically complex In much of South and Central Among travelers to malarious
America and in the Caribbean ma- areas, the most important singleparasite is a difficult laria threatens millions, partic- preventive measure is chemopro-

task, recent successful ularly in Brazil, where mosquito- phylaxis. However, the risk of de-

trials give hope that infested rain forests are being veloping malaria can be signifi-
immunization will cleared and developed. cantly reduced by limiting expo-

provide another Published estimates are that sure to the anopheline mosquitoes
malaria parasites annually infect that transmit the infection. Stay-weapon in the battle 250 to 300 million people, cause ing in screened areas from dusk to

to control malaria. 100 to 120 million clinical cases, dawn, wearing protective clothing,
and kill 1 to 2 million people. Re- using insect repellants, and sleep-
cent work in sub-Saharan Africa ing under bed nets are all partially
suggests that such estimates are effective. If the prophylactic drugs
significantly low and that there and other measures fail, the trav-
may be 500 to 900 million clinical eler must receive prompt treatment
cases of malaria per year. with an antimalarial drug.

Mortality is just as difficult to In endemic areas where trans-
determine. Young children, who are mission of malaria is low, and thus

24 SCIENTIFIC AMERICAN SCIENCE & MEDICINE



Sensitive to chloroquine Resistant to chloroquine and Fansidar
Resistant to chloroquine Resistant to chloroquine and Fansidar,

sensitive to Fansidar mefloquine and quinine

IAN WORPOLE; DATA FROM HANS 0 LOBEL. MD

where most of the population is Vector Control Is Malaria is a tropical disease. Its en-
susceptible to infection, such as Definitive but Difficult demic regions are in color. The most dif-
urban and peri-urban districts in ficult problems with drug resistance oc-
Asia and Latin America, the goal Of almost 500 species of anophe- cur along the borders of Thailand, where
is also to prevent infection. Rapid line mosquitoes, about 30 are im- the parasites are resistant to mefloquine
diagnosis and treatment of clini- portant transmitters of malaria, as well as to chloroquine and Fansidardiagosis(pyrimethamine-sulfadoxine).
cal cases controls disease and re- Chemical compounds that kill egg,

duces transmission; eliminating larval, and pupal stages are suit-
breeding sites or treating them with able only where breeding sites are
insecticides controls the mosquito few and areas involved are limited.
vectors. The female mosquito needs a

Where mosquitoes rest indoors blood meal every second or third
during the day, residual insecti- night for successful egg laying. The
cides used just before and during shortest intrinsic cycle of the para- G. THOMAS STRICKLAND
the major transmission season may site in the mosquito is eight days, directs the International Health
still be cost-effective, though re- so at least one intermediate feed- Program in the Department of
peated applications are required, ing is necessary to transmit ma- Epidemiology and Preventive
raising costs and environmental laria from an infected to a suscep- Medicine at the University of
concerns. Individual efforts to re- tible human. Maryland School of Medicine
duce vector-human contact are in- A practical way to reduce the and is the editor of a textbook
expensive. Chemoprophylaxis in risk of infection is to limit potential of tropical medicine.
most cases would be excessive for contact with mosquitoes, which are STEPHEN L. HOFFMAN
the amount of disease prevented, active from dusk to dawn. Insect directs the malaria program at

It is not now feasible to interrupt repellants (DEET), insecticides the Naval Medical Research
transmission where vectors are (pyrethrins), and bed netting are Institute and recently won the
abundant and effective, as in sub- effective, and impregnating mos- Bailey K. Ashford Medal, given
Saharan Africa, where 80% of the quito nets with pyrethrin adds fur- by the American Society of
world's malaria infections occur ther protection. Treated nets reduce Tropical Medicine and Hygiene

and virtually everyone is infected the number of mosquitoes entering to outstanding young investi-

early in life. Treatment of symp- a room where they are used and gators in tropical medicine.

toms, following a confirmed diagno- kill those that land on the nets. Frank H. Collins of the Division
sis if possible, is the most impor- A large trial carried out in The of Parasitic Diseases, CDC,

tant measure. Chemoprophylaxis Gambia by Brian Greenwood and reviewed and revised the sec-

for young children and pregnant his associates concluded that im- to Crutc r ofthe Naval

women reduces morbidity and mor- pregnated bed nets reduced child Medical Research Program

tality. Community-wide use of in- mortality and could be introduced contributed the section on
secticide-impregnated bed nets readily in a primary health care chemotherapeutic drugs.
can significantly reduce mortality, program. Adding chemoprophy-
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THE COMPUCATED LIFE CYCLE ]axis reduced the incidence of clin-
OF THE MALARIA PARASITE ical malaria but did not further AGENTS OF HUMAN MALARIA

(ILLUSTRATION ON THE OPPOSITE PAGE) improve survival. The estimated Plasmodium falciparum
costs per child-year were compara- "Malignant tertian malaria"

The sexual stage of the parasite's life ble to those for measles vaccina- Most dangerous; sludging of

cycle takes place in the mosquito, tion and oral rehydration fluids, erythrocytes can obstruct the

which is its definitive host. Sporogony two successful public health inter- microcirculation; many strains

occurs in the mosquito's midgut fol- vention-, in developing countries, are resistant to chemotherapy

lowing the ingestion of gametocytes Plasmodium vivax
from an infected human. The microga- he most important vector of "Benign tertian malaria"
metocyte exflagellates to produce four malaria parasites in Africa is Widely distributed, occur-
to eight microgametes, each capable the Anopheles gambiae mosquito. ring in both tropical and tem-
of fertilizing a macrogamete to form a In 1986 Frank H. Collins of the perate climates; chloroquine
zygote, which elongates to become a CDC described a genetically select- resistance has been reported
motile ookinete. These force their way in New Guinea
through and between the epithelial ed strain of this mosquito that en-
cells to the outer surface of the mid- capsulated and killed Plasmodiun, Plasmodium ovale"Ovale tertian malaria"
gut, where they round up into spheres ookinetes in a melanin capsule. Primarily in sub-Saharan Africa,
called oocysts. An infected mosquito This observation invited consider- where ecologically it replaces
usually has one to ten oocysts. ation of the use of genetic engineer- P. vivax

ing to introduce such parasite- Plasmodium malariae
The oocyst nucleus divides repeatedly killing genetic traits into the natu- "Quartan malaria"
while the oocyst enlarges. Each divid- ral vector population as a strategy Can persist in blood for years
ed nucleus forms an elongated fusi- for malaria control. In collabora-
form sporozoite, and these are re- tion with Fotis Kafatos of Har-
leased by the thousands into the body yard's Department of Cellular and
cavity of the mosquito when the oocyst Develo ment og research
eventually ruptures. The mosquito be- Developmental Biology, research
comes infectious when sporozoites mi- was initiated to develop a high-
grate to its salivary glands. This intrin- resolution genetic map of the three
sic cycle usually takes 8 to 20 days. Anopheles gambiae chromosomes

that could be used to identify and
Injection of sporozoites into the hu- clone the gene or genes involved in
man bloodstream by a feeding mos- the encapsulation response. The
quito is followed within minutes by first stage of this map, covering the
their disappearance from the blood. X chromosome, has been published.
Those that survive enter the paren- Genes from organisms other
chymal cells of the liver and multiply than the mosquito might also be
asexually, forming thousands of uni-
nucleate merozoites within a schizont. used to block normal parasite de-
After 6 to 16 days the hepatic schizont velopment. An approach being pur-
ruptures, releasing merozoites into sued by Robert Sinden of Imperial
the circulation, where they invade College and his colleagues in Lon- The importance of protective bed
erythrocytes. don and Rome is the use of a maam- nets, understood in ancient Egypt, is

malian ookinete-specific antibody taught today in Tanzania by means of a
The first erythrocytic stage is a small, that had already been shown to play. Here a mosquito, diverted by a bed
rounded trophozoite called a ring form. block parasite development when net, preys upon an unprotected victim.
These feed on hemoglobin, growing included in the parasite-containing
and then differentiating to erythrocyt- mosquito blood meal.
ic schizonts that release merozoites moqito od meal.
into the circulation when the infected Delivery of parasite-specific anti-
red cell ruptures, and these merozo- body genes or parasite encapsula-
ites infect other erythrocytes. tion genes into the mosquito ge-

nome will require development of
Some merozoites released from rup- the appropriate tools for geneti-
tured erythrocytes develop into female cally engineering the mosquito.
macrogametocytes and male micro- Movement of such genes into the
gametocytes. These are not associat- natural population will also be a
ed with clinical illness but infect feed- problem. The currently favored solu-
ing mosquitoes. What induces the ap- tions involve the use of infectious
pearance of the sexual stages is not transposable elements or obligate
known. symbiotic organisms as vehicles

MICHAEL REINGOLD COURTESY OF CLIVE SNIFF Ph D
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Malaria in the United States
Plasmodium vivax malaria was transmitted in the 1000.
southern states until World War II. Its eradication,
based upon a combination of factors including drainage 1
of swamps and liberal use of insecticides at breeding 9 1

sites, was accomplished primarily by the generalo.
improvement in living conditions after the depression. o CL 10'

LUc>

During and shortly after the war many cases of 0O 1
relapsing malaria occurred in troops returning from ,-
overseas. Malaria cases reported to the CDC progres- 0r
sively declined in numbers thereafter until the 1960's,

except for 1950-51, when soldiers returned from
Korea with P. vivax. A similar increase occurred 0.01 ,
between 1965 and 1971 in returning Vietnam veterans. 1930 1940 1950 1960 1970 1980 '199'0

DATA FROM CDC

Currently about 1500 cases are reported each year, several times over the past 10 years in California and
mostly among immigrants and travelers. In 1992 Texas. On each occasion parasitemic migrant laborers
malarial parasitemia was detected in 178 of 376 from endemic countries who were living outdoors or in
Montagnard refugees being settled in North Carolina. inadequate housing infected local anopheline mosqui-
P. falciparum and P. vivax were the most common toes, which then in turn infected local inhabitants.
species, but a few patients had P. malariae infections.

The potential also exists for malaria to be reintro-
Although malaria transmission has been interrupted duced, as has happened in Europe. Stowaway mosqui-
in the United States, the mosquito vectors are still toes on airplanes coming from endemic countries have
present. Focal autologous transmission has occurred infected people living near international airports.

to carry the transgenic constructs The current situation is one of
throughout the wild population. increasing resistance, often to mul-
The goal of this long-range control tiple drugs, and a need for new and
strategy is to combine several effective drugs. Discoveries about
parasite-inhibiting genes into a the mechanisms of action of anti-
single infectious vehicle, reducing malarials and resistance to them
the chances that the parasite will will aid in new drug development.
evolve resistance. Resistance to chloroquine is the

result of decreased accumulation

Drugs Encounter of the drug in the parasite's food

Parasite Resistance vacuole, either because of a trans-
membrane pump or because of an

The introduction of chloroquine in alteration in the gradient responsi-
the 1940's brought great optimism ble for drug concentration. Verap-
for the control of malaria because amil, a calcium channel blocker,
the drug was cheap, highly effec- increases the accumulation of chlo-
tive, and well tolerated. That hope roquine within the vacuole and ren-
was short-lived. Chloroquine- ders resistant parasites suscepti-
resistant P. falciparum developed ble to chloroquine in vitro. Other
simultaneously in South America methods of reversing chloroquine
and Southeast Asia in the late resistance are being studied.
1950's and is now present in most Multiple drug resistance among
malarious areas of the world. P, falciparum also appears to result
Chloroquine-resistant P. vivax has from the ability of the parasite to
recently been discovered in Papua decrease intracellular concentra-
New Guinea and Indonesia. As tions of drugs. A proposed multi-
other antimalarials have been in- pIe drug resistance gene has been
troduced over the past 30 years, identified and sequenced; whether
resistance to them has often fol- its presence predicts resistance is
lowed closely, not clear.

28 SCIENTIFIC AMERICAN SCIENCE & MEDICINE



Hemoglobin is degraded to amino
"acids and heme in the food vacuole of
the parasite's erythrocytic stage. Heme
in soluble form is toxic to the parasite,
which converts it into an insoluble form
known as hemazoin (malaria pigment).
Chloroquine acts by inhibiting the en-
zyme heme polymerase, critical for the
conversion of heme to hemazoin. Solu-
ble heme remains and kills the parasite.

MICHAEL REINGOLD

Dihydrofolate reductase is re- prevalent along the borders of Thai-
quired for the production of folic land, and in these areas, doxycy-
acid by malaria parasites, which cine is the drug of choice for chemo-
make folic acid in large amounts. prophylaxis. Halofantrine, approved
Pyrimethamine and proguanil in- by the FDA in 1992, is a phenan-
hibit this enzyme and are toxic to threne-methanol with a short half-
the parasite. Mutations in the di- life, useful in treatment of chloro-
hydrofolate reductase gene are quine-resistant malaria but not
associated with altered binding af- in prevention.
finity for the drugs and thus with A promising drug for the fu-
drug resistance. Knowing the struc- ture is a compound derived from
tural changes in the enzyme that Artemisia annua, the sweet worm-
are associated with resistance has wood, known in China as qinghaosu
allowed the synthesis of analogs and in the west as artemisinin. The
that are more eftective in animal drug is well tolerated and rapidly
and laboratory models. reduces parasitemia, even in pa-

Resistance to Fansidar (pyri- tients with multi-drug-resistant
methamine and sulfadoxine) is also parasites.
widespread. Quinine is still effec-
tive in most areas for chloroquine- Vaccines Hold Promise
resistant infections, but resistance
to quinine is emerging in some Immunization with live attenuated
areas, especially Thailand. Meflo- sporozoites or blood-stage para-
quine, a 4-quinolinemethanol com- sites is not practical; but consider
pound structurally related to qui- these facts:
nine, was approved by the FDA in e In areas with intense transmis-
1990 for chemoprophylaxis and sion of malaria, the prevalence, in-
therapy in areas with chloroquine- cidence, morbidity, and mortality of
resistant falciparum malaria. Re- malaria decrease with increasing
sistance to mefloquine is already age; naturally acquired immune re-
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sponses limit the impact of malaria. face proteins have beep tested, and
• Purified IgG irom West African all have been shown to be safe. They

ADVICE TO TRAVELERS adults has been used to successful- have evoked varying levels of im-
ly treat Thai children with multi- munogenicity, and a number of

Malaria can be prevented in travel- drug-resistant P. falciparum; anti- them have given 1 5c% to 25c% pro-
ers to the few endemic regions P. falciparum antibodies can have tection against experimental chal-
where chloroquine resistance haserescisange a dramatic effect on the parasite in lenge. A new generation of suchnot yet developed by prescribing humans. vaccines constructed as branched-
300 mg of chloroquine once a
week, beginning before departure • Immunization with radiation- chain polymers, more immuno-
and continuing for four weeks after attenuated P. falciparum sporozo- genic and protective in mice, will
return. That amount of chloroquine ites completely protects volunteers soon be tested in human volun-
base is contained in one 500 mg against experimental challenge for teers with the traditional adjuvant
tablet of chloroquine phosphate at least 9 months. aluminum hydroxide and new ad-
(Aralen) or two 200 mg tablets of P. falciparum changes its anti- juvants such as liposomes and
hydroxychloroquine sulfate (Pla- genic characteristics during its life block copolymers.
quenil). For travel into areas where cycle, so that a successful vaccine A second protein called sporozo-
chloroquine resistance has been must either completely eliminate ite surface protein 2 (SSP-2), dis-
reported, one 250 mg tablet of or profoundly reduce parasite num- covered at the Naval Medical Re-
mefloquine (Lariam) can be pre- bers at one stage of the life cycle search Institute, is the target of
scribed per week on the same
schedule. or else attack the parasite at all antibodies that can prevent malaria.

stages. Some antibody and cellular CSP and SSP-2 have a region of
Altemative approaches exist. Trav- mechanisms responsible for pro- homology that has been implicated
elers to areas where the parasites tective immunity have b :en identi- as being important for sporozoite
are still susceptible to the combi- fled. Important target antigens ex- binding to hepatocytes and a suit-
nation of pyrimethamine and sul- pressed at the sporozoite, liver, and able target for a vaccine.
fadoxine (Fansidar) can be given asexual and sexual blood stages
chloroquine prophylaxis and pro- have been discovered. arasites developing within
vided with three Fansidar tablets P hepatocytes were long thought
to take if symptoms of malaria de- porozoites are in the circulation to be sequestered from the immune
velop. Particularly in East Africa, a S foroiess th e circuefon te s e ver, in the late
combination of daily proguanil (Pal- kJ for less than an hour before en- system. However, in the late 1980's
udrine, which is not available in the tering the liver. Because they are mice that had been immunized
United States), 200 mg, and week- extracellular, the only immune re- with radiation-attenuated sporozo-
ly chloroquine, 500 mg of the salt, sponse that could prevent their ites and protected against sporo-
has been shown to provide partial invading hepatocytes is an antibody zoite challenge were found to lose
protection. Finally, in areas with in- response. In 1980 researchers at their immunity if their CD8+ T
tensive transmission of multi-drug- New York University showed that cells were eliminated by in vivo
resistant falciparum malaria, doxy- passive transfer of monoclonal anti- treatment with monoclonal antibod-
cycline, 100 mg daily, has been bodies directed against the major ies. Since irradiated sporozoites
given with or without weekly chloro- surface protein of sporozoites, the do not protect against challenge
quine for short-term prophylaxis in circumsporozoite protein or CSP, with infected erythrocytes, since T
travelers with heavy exposures. could completely prevent infection cells recognize peptides only in com-

Travelers exposed to P. vivax or P. of mice with Plasmodium berghei, bination with major histocompati-
ovale may require terminal pro- a rodent malaria. Monoclonal anti- bility complex molecules on the sur-
phylaxis with primaquine when bodies against P. vivax CSP prevent face of cells, and since sporozoites
they return home to prevent re- infection in monkeys, and mono- in circulation are extracellular,
lapses from liver-stage infections. clonal antibodies against P. falcip- CD8+ T cells must be recognizing

arum CSP can prevent in vitro in- parasite peptides presented by class
The increasing prevalence of drug- vasion and development in human I MHC molecules on the surface of
resistant P. falciparum malaria hepatocytes by P. falciparum. CSP's infected hepatocytes.
makes it essential to stress the use from different Plasmodium species Intravenous injection of CD8+
of insect repellants, insecticides, all have a central region of tandem- cytotoxic T lymphocyte clones
and bed nets. Reduction of con-
tact with feeding mosquitoes is ly repeated amino acids, and all the against CSP or SSP-2 completely
the safest and most cost-effective protective monoclonal antibodies protects normal mice against ma-
means of preventing malaria in are directed against these repeats. laria infection, demonstrating that
travelers. More than 15 experimental syn- T cells can kill infected hepatocytes.

thetic peptide and recombinant Moreover, CD4+ T cells against
DNA-produced purified protein CSP are also protective in adoptive
vaccines targeting sporozoite sur- transfer, antibodies against a newly

30 SCIENTIFIC AMERICAN SCIENCE & MEDICINE
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MICHAEL REINGOLO

discovered liver-stage antigen of P. Walter Reed Army Institute of Re- Cellular responses to liver-stage
yoelii eliminate infected hepatocytes search and Virogenetics, Inc., in col- Plasmodium infection are still being
from culture, and cytokines such as laboration with scientists from nu- defined. As shown here schematically,
interferon-y can also prevent malar- merous institutions in the United they undoubtedly involve processing
ia, presumably by inducing the in- States and Europe. and presentation of the parasite by the
fected hepatocytes to produce ni- hepatocyte and a complex set of recep-

tric oxide that kills the parasite. he asexual erythrocytic stage tor-ligand interactions between the in-

Naturally acquired CD8+ CTL .of the parasite is responsible fected hepatocyte and T lymphocytes:

responses may also reduce mor- for the human disease. Antibodies
bidity and mortality from malaria, that have been shown to provide
Among Gambian children there is passive protection against P. fal-
a significant correlation between ciparum infection could recognize
HLA-Bw53, a class I MHC mole- extracellular merozoites released
cule, and protection against severe from infected hepatocytes or in- m 61A
malaria. HLA-Bw53-positive Gain- fected erythrocytes and prevent
bians produce cytotoxic lympho- them from invading erythrocytes, f_ "..
cytes against a peptide from a P. or they could recognize parasite Hyaluronate
falciparum protein called liver- antigens on the surface of infected
stage antigen 1 (LSA-1). erythrocytes and eliminate these

Among vaccines designed to in- cells from the circulation.
duce protective antibody and T cell The severe manifestations of P.
responses against parasite proteins falciparum infection are due in part
expressed in hepatocytes, one of to microcirculatory obstruction
the first to reach humans will be a caused by parasite antigens on the
recombinant vaccine expressing surface of infected erythrocytes
CSP, SSP-2, LSA-1, and four blood- sticking to capillary and postcap-
stage antigens, developed by the illary venule endothelium and to
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TARGET PROTEINS FOR MALARIA VACCINE DEVELOPMENT

Known
Known Target of

Molecular Target of Protective
Weight Protective T Cell Host Protection

Antigen Synonyms (kD) Known Locations Antibodies Response as a Vaccine

PRE-ERYTHROCYTIC STAGES
CSP None 58 Sporozoite, hepatocyte Yes Yes Mice, monkeys,

humans

SSP-2 TRAP 90 Sporozoite, hepatocyte, RBC's Yes Yes Mice

LSA-1 None 230 Hepatocyte ? ? None

'HoM wnod b•los mwonolm ivsulon of RFCs in vtro.
ttoas ad bo*cks WPawnmo W mosquito.

other erythrocytes (cytoadherence), cytokines that either directly kill
and in part to host cellular prod- the parasite, induce erythrocytes to
ucts such as tumor necrosis factor do so, or induce reticuloendothelial
that are released in response to cells to secrete other parasiticidal
stimulation of reticuloendothelial cytokines. To be effective, T cells
cells by parasite-derived soluble would have to be sensitized by anti-
proteins. Antibodies could also pre- gen-presenting cells, since mature
vent such effects by cross-linking erythrocytes do not have MHC mol-
parasite proteins, by recruiting ecules on their surfaces.
complement to lyse the cells, or by Many parasite antigens ex-
recruiting cells such as macro- pressed at the asexual erythrocytic
phages to kill the parasite. The host stage have been characterized. The
could also induce T cells to release most promising are three merozo-
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ite surface Vr9teins, called MSP-1, ent in gametocytes but first ap-
MSP-2, and MSP-3, erythrocyte- pears in gametes, called Pfs25,
binding protein 175 that is thought that was discovered at the NIH, is
to be critical for parasite binding to the most promising such target.
erythrocytes, apical merozoite anti-
gen 1, and SERA. Immunization he ideal malaria vaccine will
with a purified recombinant rodent TL induce antibody and cellular
malaria MSP-1 has protected mice immune responses against all
against malaria, and a recombinant stages of the parasite's life cycle.
form of MSP-2 has been tested for It will induce antibodies that block
safety and immunogenicity in hu- sporozoite invasion of hepatocytes,
mans in Australia. antibodies and T cell responses

During the past year the field of that kill infected hepatocytes, anti-
malaria vaccine development has bodies that block merozoite inva-
been excited by reports from Co- sion of erythrocytes, antibodies and
lombia of successful immunization cytokines that kill infected erythro-
with a peptide polymer vaccine cytes, antibodies that prevent in-
called SPf66. This vaccine includes fected erythrocytes from adhering
peptides from P. falciparum to endothelial cells, antibodies that
MSP-1 and two undefined P. falcip- prevent the release of harmful sol-
arum proteins. When administered uble parasite proteins, and anti-
to Colombians in a placebo-con- bodies that prevent the develop-
trolled trial, it gave 34% protec- ment of the parasite in mosquitoes.
tion against a first infection with Investigators throughout the
P. falciparum and 39% protection world are drawing near to accom-
against multiple infections within plishing each of these goals. They
one year. The incidence of malaria may soon have the opportunity to
in Colombia, however, is consider- take advantage of astounding re-
ably lower than in sub-Saharan cent developments in vaccine de-
Africa and parts of Asia, and SPfl6 sign and delivery to construct com-
is now being evaluated in Tanzania, pletely new generations of multi-
Thailand, and The Gambia. component vaccines.

A vaccine that prevented the P. falciparum is a cunning ani-
development of the parasite within mal that has kept several paces
the mosquito would provide no pro- ahead of all drugs thrown at it.
tection for an individual against There is no reason to assume that
malaria, but could have profound it will not outwit vaccine-induced
effects on transmission of malaria. protective immune responses, no
Several proteins on the sexual matter how complex. Nonetheless,
stages of malaria parasites that the coming years will see the de-
could be targets for antiparasitic velopment and fielding of a series
antibodies have been cloned and se- of vaccines designed to control this
quenced. A protein that is not pres- enormously important infection.
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Regulation of
Myocardial Adaptation
by Larry Kedes

Along with the sequenc- nly some of the 100,000 or of environmental changes that may

ing of human genes and more human genes are ex- occur during life.
cloning of their pro- pressed at any given time. The notion that structurally dif-the Those that encode proteins required ferent proteins, called isoforms,

tein products, there is in large amounts are busier than could have the same biologic func-
considerable progress those whose products are less abun- tion arose from studies that began

being made in the dant. Gene expression is regulated in the 1960's. Michael Bdrdny of the

characterization of how by the binding of nuclear proteins Institute for Muscle Disease in
genes are regulated. to certain nucleotide sequences in New York correlated the speed of

DNA, which are the promoters and skeletal muscle contraction with
Specific DNA sequences, enhancers of gene expression. the rate of myosin ATP hydrolysis

mostly in the untrans- The response of a gene to a sig- in 1967, and skeletal myosin was
lated regions of the nal that its expression should be found to have two kinds of sub-

genome, are bound to changed, either increased or de- units (the heavy and light chains)
creased, can take one of three forms. at about the same time. That theproteins, some of which The modification of gene expression light chains were different in fast

are found in all cells can persist for as long as the signal and slow muscle was established by
and some of which are does, or it can be transient, or it can Susan Lowey and Dennis Risby of

cell-type-specific. These persist even after the signal ceases. Harvard in 1971.

interactions are signals This aspect of the regulation of Development of an electropho-
gene expression applies to all genes retic method of analysing intact

that influence gene ex- and their protein products. myosin in the laboratory of Joseph
pression. Regulation In addition, some encoded pro- F. Y. Hoh at the University of Syd-

of genes responsible for teins are tissue-specific. Expression ney led to the understanding of the

producing the contrac- of these proteins gives certain cells structural differences among var-

tile proteins of striated their phenotypes. The contractile ious forms of myosin in both skele-
proteins of skeletal and cardiac tal and cardiac muscle. In 1981 a

muscle has important muscle for example, are expressed group led by Bernard Swynghe-
clinical implications, only in these cells, though the genes dauw in Paris was able to link the

Myocardial hypertrophy that encode them are found in all distribution of the isoforms of myo-

associated with dynamic cells. Some of these proteins are sin with the speed of myocardial

overload results from shared by the two muscle types, contraction.
while others are not. Within the Tissue-specific proteins can be

alterations in the regu- myocardium, there are differences generated in various ways. Some

latory mechanism. between atrial and ventricular contractile proteins are encoded by
forms of the same protein and be- small families of genes (four to
tween fetal and adult forms as well, eight), and the molecular mecha-
in some cases. These contractile nism that selects a particular gene
proteins appear successively in a for expression in a particular cell is
precise developmental sequence. called selective transcription. Other
Later forms can be replaced by proteins are produced in different
earlier forms under the influence forms by a single gene through a
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