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Introduction 

The inflammatory response is the most 
primitive and universal aspect of immune 
function, represented in some form among 
all phyla of the animal kingdom. The protec- 
tive effect of inflammation is undoubtedly 
very great, since pharmacologic or genetic 
lesions that hamper the inflammatory re- 
sponse impact negatively upon survival dur- 
ing the course of infection. Yet, when un- 
checked, the inflammatory response may 
also prove injurious, leading to widespread 
tissue injury, shock and death. 

One of the most striking examples in 
which inflammation acts to the detriment of 
the host may be witnessed in gram-negative 
septicemia, or following endotoxin (lipopoly- 
saccharide; LPS) administration [1, 2]. The 
lesions present in the lungs, kidneys and gas- 
trointestinal tract result largely from the infil- 
tration of tissues by polymorphonuclear leu- 
kocytes and from inappropriate hemostasis. 
Often, the diffuse tissue injury wrought by 
LPS, along with severe derangements of glu- 
cose metabolism, acidosis and hypotension, 
will lead to the demise of the organism. 

For many years, it was supposed that LPS 
possessed cytotoxic properties responsible 
for its deleterious effects following infusion. 
Recently, it has become clear that it does 
not. In fact, the lethal effects of LPS are 
mediated by cells of the host. On contact 
with LPS, mononuclear phagocytes elabo- 
rate a series of cytokines capable of initiating 
inflammatory changes. When secreted in 
sufficient quantity, these effectors may 
prove lethal. The principal endogenous me- 
diator of endotoxicity is a molecule known 
widely as 'cachectin', or as 'tumor necrosis 
factor' (TNF). 

An Endogenous Mediator Causes 
Endotoxic Shock 

In 1968, Sultzer [3] reported that the 
C3H/HeJ mouse failed to develop a normal 
leukocytic infiltrate in response to intraperi- 
toneal administration of LPS. Moreover, the 
mouse was highly resistant to the lethal ef- 
fect of LPS, whereas the closely related strain 
A/HeJ was normally sensitive [3]. It was 
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soon found that isolated C3H/HeJ lympho- 
cytes failed to exhibit a normal mitogenic 
response to LPS. C3H/HeJ macrophages 
failed to produce lymphocyte-activating fac- 
tor (LAF) activity [4], colony-stimulating 
factor activity [5] and interferon [6] in re- 
sponse to LPS. C3H/HeJ fibroblasts simi- 
larly failed to respond to LPS with acceler- 
ated glucose uptake [7]. Hence, all tissues 
examined appeared unresponsive to LPS. 
The exact cause of LPS resistance remains 
unknown; however, it is conferred by a co- 
dominant allele (lps J) carried on the fourth 
chromosome in mice [8]. 

Michalek et al. [9] utilized mice of the 
C3H/HeJ strain in adoptive transfer experi- 
ments, designed to determine whether LPS 
sensitivity was conferred by cells of hemato- 
poietic origin. When marrow obtained from 
sensitive (C3H/HeN) mice transplanted into 
lethally irradiated resistant (C3H/HeJ) mice, 
the resulting radiation chimeras were found 
to be LPS-sensitive. Conversely, C3H/HeN 
mice transplanted with C3H/HeJ marrow 
were rendered resistant to LPS. The concor- 
dance of LPS sensitivity and donor pheno- 
type suggested that indeed, the lethal effect 
of LPS was conferred by cells of hemato- 
poietic origin. 

The identity of the cell involved could not 
be resolved by genetic means. However, the 
macrophage was suspected as the mediator 
of endotoxicity, since facultative intracellu- 
lar bacteria capable of eliciting reticuloendo- 
thelial hyperplasia are known to sensitize 
animals to the lethal effect of LPS. More- 
over, macrophages obtained from sensitive 
strains of mice, when stimulated with LPS in 
vitro, were shown to be capable of producing 
a factor toxic or lethal to LPS-resistant ani- 
mals [10, 11]. The isolation of this macro- 
phage factor, which conferred LPS toxicity, 

was accomplished by two groups of investi- 
gators studying widely differing aspects of 
the host response to LPS. 

Cachectin and TNF: History and Isolation 

Among the many phenomena induced by 
LPS in the mammalian host, hemorrhagic 
necrosis of tumors has generated the greatest 
excitement among clinical audiences. As first 
described nearly 100 years ago be Coley [ 12], 
hemorrhagic necrosis of a tumor may follow 
administration of bacterial toxins to tumor- 
bearing animals. Shear [ 13] succeeded, in col- 
laboration with Andervont [14] and others 
[ 15-17], in isolating the bacterial product re- 
sponsible for inducing necrosis, now known 
as lipopolysaccharide. Since these studies and 
the report ofColey [ 12], LPS has been viewed 
as a potential chemotherapeutic agent, albeit 
a very toxic one. 

As early as 1962, O'Malley et al. [18] 
noted that shock serum obtained from mice 
very soon after LPS injection was capable of 
inducing hemorrhagic necrosis of transplant- 
able tumors in recipient animals. These in- 
vestigators also noted that after several 
hours had elapsed, the necrotizing principle 
was no longer present in the serum, and that 
a second injection of LPS was not effective 
in inducing its production. This important 
work went largely unnoticed. 

In 1975, Carswell et al. [19] reported that 
hemorrhagic necrosis could be induced in 
tumor-bearing mice by injection of LPS- 
induced shock sera derived from animals 
previously 'primed' by administration of 
Calmette-Gurrin bacillus. The serum factor 
responsible for eliciting hemorrhagic necro- 
sis was termed 'TNF'. Subsequently, several 
investigators showed that TNF was pri- 
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marily a product of monocytes or macro- 
phages. It was also shown that TNF was 
capable of lysing certain tumor cells in vitro 
[19-21]. 

The mechanism of hemorrhagic necrosis 
has never been fully clarified, although it 
seems probable that a vascular mechanism 
underlies the phenomenon. Algire et al. [22] 
pointed to the fact that mechanical vaso- 
occlusion could effectively reproduce the 
histologic appearance of hemorrhagic necro- 
sis. More recently, it has been shown that 
hemorrhagic necrosis of certain tumors can 
proceed in vivo, although cells derived from 
these tumors are insensitive to TNF in vitro. 
Moreover, the anatomical location of a tu- 
mor appears to determine its sensitivity, in 
so far as certain tumors grown in skin appear 
far more vulnerable to the effect of the hor- 
mone than tumors grown at visceral sites 
[I. Fidler, pers. communication]. Thus, the 
mechanism by which hemorrhagic necrosis 
proceeds is likely distinct from the mecha- 
nism by which tumorolysis occurs in vitro, 
and the ability of a common mediator to 
elicit both phenomena is probably fortui- 
tous. 

The factor responsible for tumor necrosis 
in vivo and tumorolysis in vitro was isolated 
by Aggarwal et al. [23] from the cultured 
human monocyte line HL-60. Subsequently, 
TNF was cloned and expressed in Escheri- 
chia coli, and the cDNA [24-26] and genomic 
[27] sequences were established. Human TNF 
was a 17,000-dalton polypeptide containing 
two cysteine residues linked by a disulfide 
bond [23]. The molecule was noted to bear 
approximately 30% primary structural ho- 
mology to lymphotoxin [24], a lymphocyte- 
derived polypeptide hormone with a similar 
spectrum of activities, which was closely 
linked to TNF on chromosome 6 [27]. 

While the isolation of TNF was in pro- 
gress, several investigators were concerned 
with the pathogenesis of cachexia (wasting) 
in chronic disease. It was noted that a para- 
doxical hypertriglyceridemia occurred in the 
course of certain wasting infectious diseases, 
notably trypanosomiasis in rabbits [28, 29], 
despite a loss of body fat and diminished 
caloric intake. This hypertriglyceridemia 
was also noted in endotoxin-poisoned mice 
[30], and was associated with systemic sup- 
pression of lipoprotein lipase (LPL) activity 
[30]. A macrophage factor capable of sup- 
pressing LPL in vivo, and capable of sup- 
pressing LPL expression by adipocytes in 
vitro, was identified by Kawakami et al. [31] 
and purified to homogeneity by Beutler et al. 
[32]. This factor was termed cachectin, in 
view of its possible involvement in the 
pathogenesis of cachexia. Cachectin was 
found to be produced in great quantity by 
LPS-activated macrophages. Approximately 
1-2 % of the total secretory product of RAW 
264.7 (mouse macrophage) cells was found 
to be cachectin [32], and cachectin was later 
found to comprise a similar percentage of 
the protein elaborated by thioglycoUate-elic- 
ited peritoneal macrophages. Estimates of 
the quantity of the protein produced in vivo 
in response to LPS challenge [33, 34] were 
correspondingly large; rabbits, for example, 
generate plasma concentrations of cachectin 
that approach the micromolar range, sug- 
gesting that milligram quantities of cachec- 
tin may be released per kilogram of body 
weight. 

When the amino-terminal sequence of 
mouse cachectin was determined, a high de- 
gree of homology to the human TNF se- 
quence was noted [35], suggesting that ca- 
chectin and TNF were in fact identical pro- 
teins. Comparative bioactivity studies and 
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immunological studies supported this con- 
clusion, which was confirmed when the 
cDNA sequence of mouse TNF was shown 
to exactly predict the protein sequence estab- 
lished for mouse cachectin [36-38]. Thus, a 
single polypeptide hormone was shown to 
possess both LPL-suppressing activity and 
'TNF' activity, in vitro and in vivo. 

Cachectin/TNF as a Mediator of 
Endotoxicity 

The fact that this single protein was capa- 
ble of mediating two disparate effects of LPS 
suggested that many of the effects of LPS, 
including the lethal effect, might operate 
through a common mediator, e.g. cachec- 
tin/TNF. This appeared to be a particularly 
plausible hypothesis, in view of the time 
course of cachectin induction, the great 
quantity in which the hormone was pro- 
duced, and the catabolic character of its 
effects. 

Beutler et al. [39] sought to determine 
whether cachectin might be involved in the 
host response to LPS, contributing to the 
lethal effect of endotoxin. Passive immuni- 
zation of mice against cachectin significantly 
protected them against subsequent challenge 
with LPS administered at varying doses. 
Thus, it seemed that cachectin was indeed 
involved in the production of endotoxicity. 

More recently, it has been shown that 
cachectin alone is capable of reproducing 
many of the physiologic derangements asso- 
ciated with LPS administration, including 
hypotension, metabolic acidosis, transient 
hyperglycemia followed by a hypoglycemic 
state, hemoconcentration, diffuse tissue in- 
jury and death [40]. Acute renal tubular ne- 
crosis and ischemic necrosis of the gastroin- 

testinal tract occur following intravenous ad- 
ministration of cachectin, along with a se- 
vere (and often fatal) interstitial pneumoni- 
tis. Thus, it would appear that this single 
mediator plays a prominent role in the 
pathogenesis of endotoxin-induced shock. 
The precise mechanism by which cachectin 
evokes the severe inflammatory response 
that it does is under active investigation. It 
would seem likely that this protein repre- 
sents a proximal mediator of endotoxic 
shock and that other mediators, including 
platelet-activating factor (PAF) [41, 42] and 
leukotrienes [43-45], are the final effectors. 

Biological Effects of Cachectin on Specific 
Target Cells 

Cachectin was first isolated by virtue of 
its ability to suppress the biosynthesis of 
lipoprotein lipase in cultured adipocytes 
[32]. Suppression of lipoprotein lipase activ- 
ity in 3T3-L1 cells is also caused by interleu- 
kin-1 [46] and by interferon-gamma [47]. 
However, the predominant suppressor pro- 
duced by the macrophage is cachectin [32, 
48]. It has been shown that cachectin is also 
capable of suppressing the expression of sev- 
eral differentiation-specific mRNA mole- 
cules in adipose tissue [49]. 

In nonadipose tissue, cachectin induces 
the synthesis and/or secretion of a number of 
proteins, also acting (in at least some cases) 
at the level of transcription. Class-I MHC 
antigen expression (and mRNA levels) are 
increased in fibroblasts and endothelial cells 
following addition of TNF [50]. Certain 
other antigenic determinants, as yet unchar- 
acterized, are also induced on endothelial 
cells by TNF [51 ], an effect which is blocked 
by inhibitors of protein or RNA synthesis. 
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A number of cytokines, including IL-1 
[52-54] and beta-2-interferon [55], are in- 
duced by TNF. In the case of IL-1, it is clear 
that cachectin prompts both an increase in 
the level of endothelial cell IL-1 mRNA [56], 
and causes IL-1 secretion [52-54]. 

Kirstein and Baglioni [57] have proposed 
that the cellular response to TNF includes, in 
many instances, the production of certain 
proteins that protect the target cell from 
lysis. Hence, actinomycin-D and cyclohex- 
imide, which (respectively) inhibit RNA and 
protein synthesis, potentiate the cytotoxic 
effect of TNF. These investigators have 
noted that certain proteins are induced by 
TNF in fibroblasts [57] and speculate that 
these or other proteins like them might play 
a homeostatic role, protecting the cell 
against the hormone's cytotoxic effect. As 
yet, however, these proteins have not been 
isolated and their function remains unclear. 

Cachectin has numerous effects on hema- 
topoietic cells and their progenitors. Among 
these, one of the most important in terms of 
its physiologic consequences is the capacity 
of cachectin (TNF) to activate neutrophils 
[58, 59]. Within 5 min following addition of 
the hormone to neutrophil preparations, the 
target cells show an increased tendency to 
adhere to endothelial surfaces [58] and in- 
creased phagocytic activity [59]. Neutrophil 
activation, occurring in the setting of endo- 
toxemia, is responsible for many of the in- 
flammatory changes that eventuate tissue 
damage. As such, neutrophil activation by 
cachectin may represent one of the most 
important means by which the cytokine 
causes injury. 

Like neutrophils, macrohages appear to 
be activated by cachectin (TNF), which aug- 
ments the killing of intracellular Trypano- 
soma cruzi parasites [60]. Macrophages pro- 

duce IL-1 in response to cachectin [52, 54]. 
Cachectin (TNF) suppresses the induction of 
granulocyte/monocyte colony-forming units, 
acting by itself or in synergy with interferon- 
gamma [61], yet also appears to serve as a 
myeloid differentiation-inducing factor 
(DIF) [62, 63]. TNF appears to be responsi- 
ble for the colony-inhibiting activity pro- 
duced by natural killer (NK) cells; however, 
very small amounts of TNF are actually pro- 
duced in NK cell cultures, and it is unclear 
whether NK cells comprise a major source of 
the protein [64, 65]. Eosinophits, like macro- 
phages, appear to possess TNF receptors, 
since in the presence of dilute concentrations 
of the hormone, they show enhanced cyto- 
toxicity toward schistosomula in vitro [66]. 

Cachectin (TNF) exhibits a number of 
dramatic effects on vascular endothelial 
cells. TNF has been shown to effect struc- 
tural rearrangement of endothelial cells 
grown in culture [67, 68]. This effect may 
represent an in vitro model of the vascular 
changes responsible for the hemorrhagic ne- 
crosis of tumors, as well as for many of the 
vascular changes that accompany endotox- 
emia. The administration of TNF to endo- 
thelial cells also increases neutrophil adher- 
ence by a mechanism distinct from the direct 
effect on neutrophils themselves [58]. This 
mechanism appears to involve the produc- 
tion of endothelial cell surface factor(s) that 
increases neutrophil adherence [69]. Endo- 
thelial cells produce a procoagulant activity 
in response to cachectin (TNF) [70, 71] and 
downregulate their expression of thrombo- 
modulin [71]. Both of these effects of the 
hormone tend to favor hemostasis and possi- 
bly contribute to the clotting abnormalities 
associated with endotoxemia. TNF-induced 
IL-1 production [52, 53, 56] may potentiate 
many of the primary effects of TNF. 
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Cachectin (TNF) exerts a catabolic effect 
on bone and cartilage, causing the release of 
45Ca 2+ from the former [72], and the degra- 
dation of proteoglycan in the latter tissue 
[73]. Cachectin also causes the release ofcol- 
lagenase and PGE2 from human synovial 
cells and dermal fibroblasts [74]. All of these 
effects suggest that cachectin may be in- 
volved in acute and chronic inflammatory 
processes. 

Cachectin is an endogenous pyrogen, act- 
ing to produce fever by a direct effect upon 
hypothalamic neurons, in which PGE2 pro- 
duction is stimulated, and indirectly by elic- 
iting the release of IL-1 from peripheral 
sources. Thus, a biphasic fever curve occurs 
in rabbits given recombinant, pyrogen-free 
TNF by an intravenous route [54]. 

TNF appears to act on a wide variety of 
cell types to inhibit viral proliferation. This 
interferon-like effect appears to be indepen- 
dent of endogenous production of interfer- 
on-beta-2 [55]. The mechanism of action of 
TNF in preventing viral cytolysis remains 
unknown. This phenomenon may be of con- 
siderable physiologic importance, however, 
and may even comprise the beneficial effect 
responsible for the evolutionary conserva- 
tion of cachectin throughout mammalian 
evolution. 

Control of Cachectin Biosynthesis 

Since cachectin is an inflammatory me- 
diator capable of exerting highly toxic ef- 
fects, its biosynthesis is strictly regulated. 
Endogenous mediators capable of inducing 
cachectin production have not been identi- 
fied as yet. However, a variety of stimuli 
simulating host invasion are capable of elic- 
iting cachectin production by peritoneal 

macrophages in vitro. These agents include 
Sendai virus [75] and influenza virus [76] as 
well as LPS. In cultured macrophage-derived 
cell lines, other agents, including phorbol 
esters and staphylococcal enterotoxin B, are 
known to be effective inducers [77]. Certain 
agents capable of inducing IL-1 production, 
notably the staphylococcal exotoxin TSST-1 
[78], are quite incapable of eliciting cachec- 
tin biosynthesis [unpubl. data]. Hence, mac- 
rophage activation appears to be a selective 
process rather than a strictly 'all-or-none' 
phenomenon. 

Within quiescent peritoneal macro- 
phages, cachectin mRNA may frequently be 
found in an untranslated form [79]. Follow- 
ing activation of the macrophages by LPS, 
cachectin gene transcription is enhanced and 
both nacent and preformed messages are 
translated to produce active protein. 

These events are influenced by internal 
(genetic) and external (pharmacologic) fac- 
tors. In the C3H/HeJ mouse, a mutational 
event (the lps d allele) blocks transcriptional 
and posttranscriptional activation of cachec- 
tin biosynthesis. Except in the presence of 
very high concentrations of LPS, cachectin 
mRNA synthesis is not accelerated [79]. 
Moreover, the mRNA that is produced is not 
actively translated [79]. Similarly, LPS-re- 
sponsive macrophages, when pretreated with 
dexamethasone, fail to produce cachectin 
mRNA in normal quantity and fail to trans- 
late the message that is present [79]. 

On the other hand, interferon-gamma 
augments LPS-induced cachectin biosynthe- 
sis, acting at both transcriptional and post- 
transcriptional levels [80]. As such, 
C3H/HeJ macrophages show partial correc- 
tion of the lps d phenotype when pretreated 
with interferon-,/[80]. It is possible that the 
'priming' effect exerted by facultative intra- 
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cellular bacteria, whereby infected animals 
are rendered hypersensitive to LPS, may de- 
pend upon endogenous production of inter- 
feron-gamma or a related cytokine. More- 
over, the remarkable sensitivity of adrenal- 
ectomized animals to the lethal effect of LPS 
may result from the loss of biosynthetic con- 
trol normally afforded by glucocorticoid hor- 
mones. 

The transcriptional and posttranscrip- 
tional events required for the production of 
active cachectin remain incompletely under- 
stood. Presumably, cachectin gene transcrip- 
tion is controlled by a genetic element up- 
stream of the coding sequence. 

The nature of the posttranscriptional 
(presumably translational) control also re- 
mains unknown. It has recently been ob- 
served that the 3"-untranslated region of 
genes encoding cachectin, lymphotoxin, IL- 
l, interferons, GM-CSF and other cytokines 
contains a conserved sequence consisting of 
a repeating and overlapping AT-exclusive 
octamer (TTATTTAT) [36]. This octameric 
sequence was considered to be a potential 
recognition site through which translation of 
these messages might be governed [36, 79]. 
Shaw and Kamen [81] have studied the AT- 
exclusive region associated with the GM- 
CSF gene and have demonstrated that this 
sequence markedly destabilizes mRNA with 
which it is associated. Moreover, it appears 
to confer superinducibility upon those mes- 
sages that contain it [81 ]. Thus, the sequence 
may indeed govern cachectin translation, al- 
though the precise mechanism by which it is 
recognized and its mode of action remain 
unknown. 

The range of pathologic processes in 
which cachectin is produced remains un- 
known. The evidence gathered to date would 
suggest that a fixed amount of cachectin can 

be produced by the macrophage in response 
to a given invasive stimulus. Thereafter, pro- 
duction ceases, despite continued presence 
of the stimulus [82]. Nonetheless, it is possi- 
ble that cachectin, or the closely related pro- 
tein lymphotoxin, plays a role in many in- 
flammatory disease states. 

The natural circumstances under which 
lymphotoxin is produced include specific 
antigenic challenge [83]. Thus, one might 
expect it to be produced in chronic (and par- 
ticularly in cyclical) infectious diseases. It is 
anticipated that with improving assay tech- 
niques, it will be possible to closely analyze 
the conditions under which each of these 
cytokines is released in vivo. 

Receptor and Postreceptor Response 

The existence of a specific, high-affinity 
receptor for cachectin on diverse tissues has 
been reported [32] and widely confirmed 
[84-89]. It has been suggested that more 
than one class of receptor may exist, since 
Scatchard plots of binding over a wide range 
of concentration are frequently curvilinear 
[32, 47]. It has been shown that lymphotoxin 
is capable of competing with TNF for bind- 
ing sites present on cultured cells, suggesting 
that despite their structural disparity, both 
proteins utilize a common receptor [86]. 

Initial studies of TNF receptor structure 
have suggested that the hormone interacts 
with a protein of approximately 75 kilodal- 
tons in size [89]. The receptor is trypsin-sen- 
sitive and is very likely a glycoprotein, since 
concanavalin A (Con A) and wheat germ 
agglutinin strongly inhibit hormone binding, 
though they increase the apparent receptor 
number [90]. The effect of Con A on TNF 
bioactivity is fully inhibited by the addition 
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of  alpha-methylmannoside and has been re- 
ported to occur in other systems as well, not- 
ably in the case of  diphtheria toxin. 

The Biological Role of Cachectin 

Cachectin (TNF) and lymphotoxin are en- 
coded by genes that arose from an ancestral 
locus hundreds of  millions of  years ago. Since 
the occurrence of  the duplication event that 
generated these genes, mutational events have 
altered their structure such that only 30% 
identity remains at the amino acid level [27]. 
It is unclear whether duplication of  the ances- 
tral gene antedated the differentiation of  lym- 
phocytes and macrophages; however, it is 
clear that cachectin and lymphotoxin are ex- 
pressed in a strictly tissue-specific manner  
and in response to different stimuli. Yet, with 
few exceptions [64], the proteins elicit identi- 
cal patterns of  biological response. 

Throughout  mammalian evolution, the 
cachectin (TNF-alpha) gene has changed lit- 
tle; nearly 80% homology remains between 
the amino acid sequences of  mouse, human, 
and rabbit proteins [34, 36-38, 91-93]. In 
addition to the deleterious effect that accom- 
panies the release of  massive quantities of  
cachectin into the circulation, it would seem 
likely that cachectin, produced in smaller 
amounts, confers a survival advantage upon 
the individual. 

The administration of  sublethal doses of  
cachectin to mice is highly protective against 
subsequent challenge with murine malaria 
[L. Schofield, pers. communication].  Ca- 
chectin also possesses an antiviral activity 
[G. Wong, pers. communication] that may 
serve to protect the host, particularly as pro- 
tein synthesis is known to be induced by cer- 
tain viruses [75, 76]. 

It remains to be seen whether cachectin 
possesses a similar protective value when 
administered in small quantities to animals 
prior to challenge with gram-negative bacte- 
ria. However,  cachectin may act to check the 
spread of  these and a wide variety of  other 
pathogens in vivo. 

Conclusion 

During the past 3 years, cachectin (TNF) 
has come to be regarded as a proximal me- 
diator  of  inflammation, which exerts power- 
ful effects on the metabolic activities of  host 
tissues during infection. In the future, it is 
anticipated that a growing understanding of  
cachectin and its role in mammalian physiol- 
ogy will yield important  advances in basic 
and clinical science. 

A precise knowledge of  the hormone's  
mechanism of  action may shed light on the 
causes of  inflammation, its benefits and its 
liabilities. The unusual ability of  cachectin 
to lyse tumor  cells in vitro may ultimately 
lead to the design of  effective antineolastic 
agents. Finally, the molecular events in- 
volved that govern the induction of  cachec- 
tin gene expression by LPS may prove to be 
very general. Thus, studies of  cachectin gene 
expression may lead to a broader  under- 
standing of  the central mechanisms by which 
transcription and translation are effected in 
mammalian cells. 
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