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ABSTRACT

Serum starvation of astrocytesfor a period of time followed by refeeding has been
put forward as a method to produce synchronized astrocytes. Hereit is proposed that the
method neither synchronizes cells nor satisfies basic criteriafor cell synchronization. The
proposed whole-culture synchronization protocol cannot, in theory, synchronize cells. This
is because the cells produced by the proposed serum starvation/r efeeding protocol do not
reflect the properties of cells of any specific age during the cell cycle. For thisreason the

proposed protocol will not produce a synchronized culture.



It has been proposed that it is possible to synchronize astrocytes obtained from newborn
rat brains by a simple whole-culture treatment of cells." The proposed method was to first starve
cellsin low serum, and then to re-supplement the cells with serum to obtain a synchronized
culture. There are two parts to the detailed protocol: (i) proliferation of astrocytes under optimal
conditionsin vitro until reaching desired confluence; and (ii) synchronization of cultures by

serum down-shift and arrest in the GO phase of the cell cycle.

The key problem with this method is the initial definition of synchronization. The method
assumed that “cells arrested in specific phases of the cell cycle [are] synchronized.” | will argue
below that producing cells arrested with a particular DNA pattern does not mean that the cells
are synchronized. The sine qua non of synchronization isthat cells grow as a uniform cohort
through the cell cycle and then divide synchronously. It is of interest to ook at the listed criteria

that were applied to the protocol for synchronization of astrocytes':

(@) both normal and tumor cells should be arrested at the same specific cell cycle phase,

(b) the synchronization must be reversible and non-cytotoxic,

(c) the metabolic block should target a specific reaction and must be reversible, and

(d) large quantities of synchronous cells should be obtained

These criteria do not ask whether cells following a particular treatment are synchronized.
These criteria do not apply to cell synchronization in any way. Rather, these criteria (taken from
the work of Keyomarsi, et al.?) apply to any method that one would want to use to study cells,

whether synchronized or not. Thus, a good method should be applicable to different cell lines,



should produce large amounts of cells that are not affected by cytotoxicity, and the treatment

should affect a known target. Satisfying these criteriawould be an experimental ideal whether

the cells were or were not synchronized.

Criteriafor “synchronization” have been proposed®, and the method can be tested against

these criteria. Some of the criteria (from alonger list) for cell synchronization are:

1)

2)

3)

4)

If newborn cells are produced by the synchronization method, there should be a minimal
increase in cell number for aperiod of time covering a significant fraction of the

interdivision time.

Therise in cell numbers during division should occur over arelatively small fraction of
the total interdivision time. It may be as small as 10% for 90% of the final risein cell
number, or it may be as large as 20-25%. Knowing this value is important in judging a

synchronization procedure.

At the time of synchronous division, the cell number should double. If cell number does
not double, that means some cells are dead or atered; this minority of cells could be

giving results that obfuscate the results emanating from the majority of dividing cells.

The DNA distribution of cells should be narrow in the synchronized cells and these
distributions should then reflect the movement of cells through the division cycle. Thus,
newborn cells should be essentially pure cells with a G1-phase amount of DNA, the DNA
content should then move through S-phase contents, there should be a period of time
when cells have only G2-phase DNA contents, and then there should be areturn to

essentially pure G1-phase DNA contents.



5) The size distribution of newly synchronized cells should be narrower than the size
distribution of the original population, cell size should increase as the cells move through
the cell cycle, and during the period of cell division there should be a bi-modal

distribution of cell sizes.

6) Alignment of cells so that cells all have a particular property in common (e.g., al cells
have a G1-phase DNA content) does not mean that the cells are synchronized.

Synchronized divisions are the sine qua non of synchrony.

The arguments for the proposal that whole-culture treatment cannot synchronize cells and
that only selective methods can synchronize cells are given in detail below. Here it will suffice to
note that none of these synchronization criteria are satisfied in the original publication for

synchronization of astrocytes.!

An explanation of why cells may be aligned with a particular DNA configuration and yet
not be synchronized has been presented before.>™* Here the simple outline of the argument will

be presented.

The key point of the analysisis that one can produce a culture with all of the cells having
a“ G1-phase amount of DNA” but these cells are not equivalent to normal, unperturbed and
unsynchronized cells with a G1-phase amount of DNA. Let us say an idealized cell grows from
newborn size 1.0 to size 2.0 when the cell divides. Assume, in this example, that DNA synthesis
(S phase) starts at size 1.5. Consider two cells, one of size 1.4999 (just at the end of the G1
phase, not yet having started S phase) and the other of size 1.5001 (just started S phase). Now
inhibit mass synthesis. The cell of size 1.4999 just sits there, not starting S phase because this

cell does not achieve size 1.5; it remains a cell with a G1-phase amount of DNA. The other cell,



at the start of S phase, finishes S phase, completes G2 phase and then divides to produce two
newborn cells of sizes 0.75005 (i.e., approximately size 0.75). Thisis because mass synthesis did
not increase from the original size 1.5001 cell asit was proposed that mass increase was
inhibited. Are these synchronized cells? No. One cell is of asize that is not like the normal cell,
being smaller than the normal smallest cell (the original cells went from size 1.0 to 2.0), and
together they are of different sizes (one cell istwice the size of the other). Therefore these two
cells do not mimic, as apair, the DNA content and the size distribution of cells at any particular

time during the G1 phase.

Upon release of the mass inhibition we can see that the start of DNA replication will
occur immediately in the cells of size 1.4999 as they need only 0.0001 units of massto reach 1.5.
In contrast, the cells of size 0.75005 will require approximately one full doubling timeto reach
size 1.5. Thusthere is no synchronous initiation of S phase. By the criteria described above, the

cells are not “synchronized.”

For agroup of cellsto be synchronized it is necessary that they perform a particular cell
cycle event (e.g., the start of S phase or theinitiation of DNA synthesis) over a period of time
that is significantly less than the interdivision time of a culture. If the time to perform a cell-cycle
specific event, such astheinitiation of S phase, is equal to the interdivision time, then the cells
are not synchronized. In the example given here the allegedly synchronized cells do not initiate S
phase over anarrow time period, but rather over atime period equal to the doubling time of the
culture. Hence the cells are not synchronized. A rigorous analysis of why whole-culture
synchronization does not work has been presented for the major classes of whole-culture

synchronization.™



Published examples of cellsthat are proposed to be synchronized but are not

synchronized when the actual data are examined are present in the literature.> * 2%

It is concluded from this analysis that the published protocol for synchronization of

astrocytes ' does not actually synchronize the cells.

Discussion

The interest in the study of events during the cell cycle has led to numerous proposals for
methods to synchronize cells. Here one published method is analyzed. It is concluded that the
published method neither presented evidence that the cells are synchronized nor considered
arguments that the whole-culture method used—serum starvation followed by refeeding

serum—does not, and cannot, synchronize cells.

Lest it be thought that it is proposed here that cell synchronization isimpossible, it should
be noted that it is clearly possible to synchronize cells, but the method must be a selective
method. A recently described method, the membrane-el ution method (colloquially known as the
“baby machine”) has produced well synchronized cultures that do satisfy the criteriafor cell
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synchronization listed here.

The original protocol for astrocyte synchronization' proposed that “ Synchronization is
particularly important in the study of astrocyte biology, asits application allows astrocytesto re-
enter the cell cycle from a state of quiescence (G0), and, under carefully defined experimental
conditions, move together into subsequent phases such asthe G1 and S phases.” A critique of the
GO concept has been presented and is also applicable to the original protocol proposed for cell

synchronization.® %



The critique of the proposed synchronization protocol presented here isimportant for two

reasons. First, if the method for synchronizing astrocytes does not actually work, it isimportant

to point this fact out to the workersin the field before the method is used to study the cell cycle.

Without a critical analysis of the original method much effort and experimental work might be

expended on a method that does not work. Second, whileit isvery likely the case that numerous

methods have been proposed to synchronize cells that use these whole-culture methods, it is not

well-recognized that, in theory, such methods do not work.
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