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INTRODUCTION

N the figst part of this two-article series’, I

have pointed out four basic questions that
relate to the mechanism of regulation of cell
division and malignant transformation. These
questions are:

(1) What is the switch—chemically, biochemi-
cally, morphologically and functionally
defined —that i1s put on when a resting cell 1s
triggered by a mitogenic agent/eventinto the
division cycle?

(2) What 1s the language of the programme of
the division cycle?

(3) What is the nature of the link between the
switch and the programme?

(4) How does the switch get jammed in malig-
nant transformation?

I have also pointed out that the above questions
comprise two non-overlapping subsets: the first
conststing of questions 1, 3 and 4, and the other
of question 2. In this concluding part of the
discussion, 1 will confine my attention only to
questions 1, 3 and 4. In regard to question 2.1
would only state that virtually nothing is known
today about the language of the programme of
the division cycle—that is, the mechanism
responsible for the occurrence, in a highly pro-
grammed manner, of the large number of events
that occur during the cell cycle, which culminate
in the formation of two cells starting from one.

The method that I wish to follow is construc-
tion of a model—essentially a hypothesis—
which attempts 1o provide tenable answers to the
three questions and which makes unique, test-
able predictions. As the first stepin the construc-
tion of models designed to provide explanation
of natural events, is to look for clues which
would constitute the basic premises of the

model, some 15 years ago we set out to look for
such clues in the plethora of information avaii-
able in the area. It seemed that the following six

observations might provide us the necessary
clues.

(a) All cell types which can turn malignant,
that is, which can exist in the normal and the
malignant state, are, without exception, capable
of existing in the resting and the dividing states.
Further—and this is even more important—all
cell types, without a single exception, that can
exist in the dividing state and the true resting
state that would satisfy the criteria already men-
tioned, are auxotrophic for a certain number of
carbon-containing nutrients. Thus, mammalian
cells require, for maintenance and growth, a cer-
tain number of aminoacids, termed the essential
aminoacids, vitamins and unsaturated fatty
acids (called the essential fatty acids). Itis a point
to ponder that amimal cells—including human
cells—need to have these ‘essential nutrients’
grven to them in a preformed state as the cells are
either not capable of making these nutrients at
all or make them at extremely slow rates that
would not take care of the cells’ requirements.
On the other hand, a lowly creature such as
E. coli, can make all its carbon-containing com-
pounds from a single carbon source, that is,
glucose. Why has this discrepancy come about
during the course of evolution? It does not seem
unrcasonable to argue that auxotrophy (requtre-
ment for certain preformed, carbon-containing
nutrients, besides a primary carbon source such
as glucose), while being a distinct disadvantage,
might have conferred upon the organism also an
advantage that could have simply balanced off
the disadvantage from the point of view of natu-
ral selection. Indeed, the course of human his-
tory might have been different if human beings
possessed the ability to convert cellulose into
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glucose and to use glucose as the source of all
carbon-containing compounds that the human
organism needs for growth and maintenance! It
may, therefore, be worthwhile to consider the
possibility that the evolution of auxotrophy in
higher organisms may be causally related to the
evolution of the ability of the cell to exist in the
resting and the dividing state, that is, to the
mechanism that regulates growth—such regula-

tion being clearly an advantage, as without such
a regulation 1t simply wouldn’t have been possi-

ble for higher organisms such as a human-being,
to perform many of their important functions,
Similarly, it is possible that the ability to be
transformed malignantly that is found in cells of
higher organisms, may merely be an inevitable
consequence of the ability of the cells to exist in
the resting and the dividing state, and that the
disadvantage that has accrued as a result of the
evolution of the ability of a cell to be trans-
formed malignantly, might have been more than
amply compensated by the ability of the cell to
exist in the resting and the dividing states, in the
case of higher organisms.

(b) The transport of the essential nutrients
(that 1s, those nutrients for which the cell is
auxotrophic), ts essential for the maintenance of
both the resting and the dividing states.

(¢) The rates of uptake or transport (the two
terms being used here synonymously, although
there i1s a subtie difference between them) of
essential nutrients in cells that are dividing, that
15, going from one cell cycle to another without
going through an intermediate resting state, are
about an order of magnitude greater than the
rates of uptake of the same nutrients obtained in
the resting or the G, cells®™®

(d) Theincrease inthe rate of uptake of essen-
tial nutrients is an ear/y event when a resting cell
1s triggered by amitogenic agent or event into the
division cycle. {It should, perhaps, have been
mentioned earlierthat when we talk of mitogenic
events such as partial hepatectomy, it is most
ltkely that the event leads to the generation of a
mitogenic agend in the system.) Infact, nomatter
how early one loQks, within the limitation of the
techniques available, one finds that when a rest-
ing cell enters the division cycle, there s an
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crease in the rates of uptake of essential nut-
rients. No exceptions are known to this ‘rule’.

() When a resting cell is triggered into the
division cycle, the primary event appears to
occur on the cell surface. 1t is thus possible to
make a resting cell enter the division cycle by
mitogenic agents which are bound to solid sub-
strates, under conditions that they cannot enter
the cell (or the amount that enters the cell as a
result of cleavage from the solid substrate, is so
small that, all by itself, it 1s unlikely to be able to
initiate cell division).

(/) When a normal cell is transformed into a
malignant cell, changes in the properties of the
cell surface precede and are obligatory to the
expression of the malignant phenotype, that is,
the general characteristics of malignant cells.

THE MODEL

Are the above observations sufficient to aliow
one to construct a viable model which can then
be tested? The answer to this questionappearsto
be, yes. A model that is based on the six premises
mentioned in the preceding section has been con-
structed and worked upon in our laboratory
during the last twelve years ov so. It is described
in detail elsewhere’ ''. In principle, the model
proposes that regulation of cell divisioninvolves
a regulation of the transition from the state in
which the uptake of essential nutrients is low, to
the state in which the uptake of essential nut-
rients 1s high, it being argued that the higher rate
of the uptake of essential nutrientsisanabsolute
prerequisite for the cell to be able to take in these
nutrients at a rate that would allow it to doubdle
all its cellular material in the time that s gener-
ally taken by cells of higher organisms to divide,
starting from the beginning of the G phase to the
end of the M phase,

The essential features of this model are as

follows. T he model postulates four chemical (/,
Anti-/, SF| and SF2)and twostructural (Sites A

and Sites B) entities. Sites A and Bare function-
ally different transpost sites en the membrane
for essential nutrients. Sites Aarcopeninresting
cells and need a serumtactor, SHE foroperation
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at V. Sites B are closed in resting cells but
open in dividing cells  the “on™—*off " control of
Sites B is achieved through 7, a protein with a
high rate of turnover and two binding sites. Sites

B are closed when /is bound to them; the affinity
of I'for Sites B increases when one molecule of 7

hnks two Sites B. A second serum factor (SF2),
Anti-I (a postulated antagonist of 7 that gener-
ally stays in the cell) when realeased from the
cells (e.g. as a result of tissue damage), and other
external tnggers for cell division (such as
mitogenic hormones), destroy or inactivate /, or
prevent its binding to Sites B. The opening of
Sites B results in an enhancement of the rate of
uptake of nutnents; the resulting increase in the
intracellular concentration of one or more of the
nutrients starts the programmed operation of
events that culminate in cell division; two

tem, Dut 1 generally low.
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possible mechanisms for the initiation of this
programme are suggested’. Growth ceases as a
consequence of re-establishment of /function on
the membrane. Malignant transformation is
defined as an inheritable intracellular event,
spontaneous or induced, which interferes with
the production or activity of fand leads to a loss
of the capacity for transition from the dividing to
the resting state. The model is illustrated in
figure 1

THE TESTING OF A PREDICTION

An attempt has been made in our laboratory
during the last ten years to isolate the transport-
inhibitory protein, I, postulated in the model,
which protein is predicted to be responsible for
the on-off transition of the switch referred to in

®—{a) Closed when | is ‘o’ '
{(as shown here). *

(b) Respond tc o trigger for |
cxll division (e.g SF2)
which removes or mnacti—
vates | .

{c] Open when ] is ‘ott’ -

4

-~ Stays n the cell
released on cell death
inactivating ] on other cells , -
more stable than [

= ——

«~ Cytopiasmic memorane
r

presence of SF1 and below
Vmex In i1ts absence 1

'fttl A—p Operate at V... m the

MALIGNANT TRANSFORMATION = INMERITABLE INTRACELLULAR EVENT WHICH
INYERFERES WITH THE PRODUCTION OR ACTIVITY OF |

Figure 1. A model for the regulation of cell division through control of uptake of essential nutrients.
ENI! and EN2, essential nutrients; Sites Al and A2, membrane sites for the uptake of various ENs 1n
resting cclls (these sites may also be open in dividing cells); Sites Bl and B2, membrane sites for the uptake
of ENs in dividing cells, closed in resting cells; rate x, the maximal rate {V nax) of uptake of an EN through
a Site A: rate y, the maximal rate of uptake of an EN through a Site B; SFI, a serum factor necessary for
transport of an EN through Site A atthe maximal rate; /, aninhibitor of transport through Sites B, which
comes out of the cell and acts from outside. Anti-/, an intracellular factor, functionally antagonistic to /
and normally incapable of coming out of the cell; SF2, a serum factor functionally antagonistic to 7. The
main figure shows a resting cell. Sites B (inset left) are postulated to consist of three subsites, named Type
I, Type 1 and Type 111 receptors; morphological overlap of these receptors is not ruled out (From ref. 9).
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figure 1. The most important property predicted
for this protein is that it will inhibit transport of
essential nutrients in all types of dividing cells
and bring it to the level obtained in resting cells,
but 1t would not have any effect on transport of
these nutrients in resting cells. The protein
would, as already mentioned, be tissue-specific.
Thus, the 7 factor for liver would not act on
kidney cells.

During the current year, a protein that satis-
fies all the cniteria for which it has so far been
tested, out of those postulated for Finthe above-
mentioned model, has been purified to homoge-
neity in our laboratory, from rat liver ', Its
properties are summarised below:

(@) It appears homogeneous on sps and non-
sps polyacrylamide gel electrophoresis and on
high performance liquid chromatography, as
well as immunogenically.

(b) It appearsto be a single polypeptide chain
with a molecular weight of approximately

50000-55000.
(c) It appears to be a major liver protein,

representing more than 0.1% of the total dry
weight of rat liver.

(d) On dispersion of liver tissue to a suspen-
sion of liver parenchymal cells, as predicted by
the model mentioned abave, there 1sa many-fold
increase in the net rate of uptake of essential
aminoacids by the parenchymal cells when incu-
bated in a dilute (~ 0.5 X 10° cells/ ml) suspen-
sion in Krebs-Ringer phosphate buffer or in a
tissue culture medium, using concentrations of
aminoacids required for maintenance of growth,
This protein brings this ‘high’ level of uptake to
the level obtained in resting liver cells (e.g. inthe
tissue slices) or in high-concentration cells, as
predicted by the model (see ref. 9 for the detailed

rationale). |
(¢) It inhibits the enhanced uptake of amino-

acids as well as DNa synthesis obtained in hiver
cells following partial hepatectomy, bringing the
former to the level obtained in resting cells,
(/) 1t inhibits the *high® uptake of certain
aminoacids obtained in the Zajdela ascitic
hepatoma, but in no case it brings down the
uptake to a level Helow that obtained o resting

liver cclls.

237

i —

N ey s S—

(g) It inhibits the uptake of thymidine and its
incorporation intoe DNA, in the Zajdela ascitic
hepatoma.

(h) It has no effect on the uptake of amino
acids in resting liver cells or kidney cells, or in
Ehrlich ascitic carcinoma cells.

(/) Antisera raised in rabbits against this pro-
tein gives three precipitin lines with the Zajdela
ascitic fluid/ cells; the lines being generally more
predominant in the fluid than in the cells. At
least one of the proteins of the Zajdela ascitic
fluid precipitated by the antisera, seems to be
immunoclogically partially cross-reactive with
the liver protein against which the antisera was
raised. This ascitic fluid protein has been puri-
fled to near homogeneity following the same
method as used for purifying the liver protein.
The ascitic hepatoma protein comes out at the
same place as the liver protein on the vanous
columns used for the purification. The two pro-
teins also show near identical behaviour on
polyacrylamide gels. However, the ascitic {luid
protein does not possess the transport-inhibitory
properties mentioned above for the liver protein.

We are in the process of determining if the
ascitic fluid protein that immunologically cross-
reacts with the transport-inhibitory protetn we
have isolated from rat liver, is a mutated form of
the normal protein—as would be predicted by
the model. Such a finding would provide
stronger support to the model mentioned here.

THE QUESTIONS REVISITED

In terms of the model, then, the switch 1s a
permeability switch, its “of[™ position corres
ponding to a transport-inhibitory protein with a
special set of properties, sitting on the cell sur-
face, and the “on” position to the cell-surface
receptors for this protein being unaccupied.
That would be the answer to the fiest question,
We believe we have a good candidate for this
protein in the case of Inver,

As regards the fourth guestion (how does the
switch get jammed in the “on™ postion in malig-
nant transformation?), the model suggests that
malignant transformation (chemical or yviral,
spontancous of induced) lcads (0 a condition
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that makes the cell—at least phenotypically—
{ . Chemicals, for example, could lead to a
mutation inthe structural or a regulatory gene or
nuclteotide sequence for [/ or its receptor. Alter-
natnely. the mutation could be in the regulatory
part of a normal, host oncogene, such that it (the
mutation) leads to increased production of the

oncogene product, or in the structural part of a
defective oncogene which can now (following
the mutation) produce an active product; the
product—before processing or after, alone or in
conjunction with a host cell-coded product—
may act on the cell membrane (or within the cell)
in such a way that /can no longer be secreted or
can no longer bind to its own receptor. The cells
would then become incapabie of reverting back
to the resting state and continue to divide even in
the absence of a trigger or mitogen. This view 18
supported by the fact that ultimate chemical
carcinogens are known to be mutagens %%
Oncogenic viruses could lead to the production,
in the transformed cell, of a product that acts as
mentioned above for the normal host oncogene
product. We have, in our laboratory, through
the 1solation of what appears to be a mutated
and inactive transport-inhibitory protein from a
liver tumour, obtained evidence which supports
Ehe above view.

In regard to the third question (the link
between the switch and the programme of the
division cycle), the model is on more tenuous
grounds. However, it is not difficult to envisage
several possible mechanisms through which the
influx of essential nutrients following the putting
on of the permeability switch,could lead to the
synthesis or the activation of a protein that is
required to catalyse the first reaction of the pro-
gramme of the division cycle®

Above all, the model provides a satisfactory
basis for the evolution of auxotrophy—which
would, prima facie, appear to be a
disadvantage—in higher organisms such as
man. lt suggests that the ability of cells of higher
organisms to exist in the resting state,even when
all the required nutrients and auxihary growth
factors are available--an ability crucial to the
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existence and performance of the organism —
would not have come about if the cells were not
auxotrophic.

I'he model makes one important point: that
both chemical carcinogens and oncogenic vir-
uses converge at a definable point in regard to
the mechanism  which is responsible for a
cancer cell behaving the way it does™. I must
pomnt out that tumours such as leukemias and
teratomas which are duetoa block in the normal
pathway of differentiation, or plant tumours

(the crown galls), fall outside of the scope of the
model described here,

CONCLUSION

To conclude, what I have attempted to do in
this and the earlier article of this seriesis toshare
with the readers how one of the most important
problems i biology, thatis central and crucial
to many other interesting problems, can be
looked at in a way that it relates to common
experience, and how one can convert it into a set
of well-defined and precise questions that allow
one to construct viable models. Finally, 1 have
presented here one model which attempts to pro-
vide tentative answers to three out of the four
questions asked in these articles—the questions
of which the total problem of regulation of cell
division and malignant transformation {from the
mechanistic point of view 1s comprised.

So far, there does not appear to be any major
finding which argues against the model briefly
mentioned here. Further work on the transport-
inhibitory protein that we have isolated from rat

liver, and on what appears to be an inactive
mutated form of this protein from a liver tumour,
will, hopefully, allow one to determine whether
or not the madel that we had constructed some-
time ago deserves further attention.

ACKNOWLEDGEMENTS

| am grateful to alarge number of friends from
many parts of the world, discussion with whom
has sharpened the ideas that | have presented in
this article. Dr K. S. N. Prasad and Mr V. N.



Current Science, March 20, 1983, Vol 52, No. 6.

239

Dwarakanath initiated the work in our labora-
tory on the isolation of the /factor. The suncess

that I have referred to above in the isolation of a
factor which satisfies the postulated critena for /7,

is due to the imaginative work done subse-
quently by Mr. Sushil Chandani and Mr. T.
Bagchi. I am specially grateful to Mrs. Anita
Gambhir and Mr. Pramod Srivastava for help-

ing me with the preparation of this manuscript.

(This references cited here are only representative and
not exhaustive.)

1. Bhargava, P. M, Curr. Sci., 1983, §2, 199,
2. Bhargava, P. M, Allin, E. P. and Montagnier, L.,
J. Memb. Biol, 1976, 26, 1.

3. Bhargava, P. M. and Vigier, P., J. Memb. Biol.,
{976, 26, 19.

4, Bhargava, P. M, Szafarz, D., Bornegue, C. A.
and Zajdela, F., J. Memb. Biol., 1976, 26, 3.

5. Bellemann, P., J. Biochem., 1981, 90, 1821.

6. Johnson, P. A. and Johnstone, R. M., Can. /.
Biochem., 1981, 59, 668.

e i

7. Bhargava, P. M., Biomembrane,, {ed.) by
L. Packer, Academic Press, New York, 1974,
~p. 38l

8. Bhargava, P. M., Regulation of Growth and Dif-
Jerentiated Function in Eukaryote Cells, (1UB
Symposium No. 65), Raven Press, New York.
1975, p. 79.

9. Bhargava, P. M., J. Theor. Biol 1977, 68, 101.
10. Bhargava, P. M., Dwaraknath, V. and Prasad, K.
S. N., Cellul. Mol Biol, 1979, 25, 85.

1. Bhargava, P. M., Chandani, S. A.and Bagchi, T.,
[3th International Cancer Congress, Seattle,
Washington, USA, 8-15 September 1982,
Abstract No. 03083.

12. Bouck, N and diMayorca,G., Mol Cellul Biol,
1982, 2, 97.

3. Fuchs, R. P. P.,Schwartz, N, and Daune, M. P..
Nature, 1981, 294, 657.

_— e

14, Whitman, G., J. Na:l Cancer Inst., 1981, 67,739,
5. Sugivama, T., Ueda, N., Maeda, S., Shiraishi, N.,
Goto-Mimura, K., Murao, S. and
Chattopadhyay, S. C., J. Natl Cancer Inst.,
1981, 67, 831, |

ANNOUNCEMENT

SEMINAR ON “AMPHIBOLITES : THEIR MINERALOGY, PETROLOGY, GENESIS AND
GEODYNAMIC SIGNIFICANCE”

The Seminar is being organised at the Department
of Geology, M.S. University of Baroda, during 28th
November to st December 1983, with a view to bring-
ing together all workers from vartous disciplines who
are interested in the study of Amphibolites. The main
objective of the Seminar is to provide a common
platform of Mineralogists, Petrologists, Geochemists

etc., to present their recent studies on the various
aspects of the Amphibolites.

Geoscientists who are interested in participating n
this Seminar are requested to contact Prof, S. S.
Merh, (Director of the Seminar), Department of
Geology, Faculty of Science, M.S. University of Bar-
oda, Baroda 390 002



