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INTRODUCTION

I HE CELLS OF PLANT AND

ANIMAL TISSUES HAVE BEEN
seen from varying theoretical viewpoints for over a cen-
tury and a half. The changes in cell morphology which
accompany the processes of histologic differentiation have

been described. These descriptions account for the gen-

“eral fate of a cell. Within a single stage of differentiation,

however, there always appears a variety of sizes of other-
wise identical cells, Thus, while the broad outlines of tis-

- sue cell lives are discernible, the manifold sizes of a single

individual cell type as seen under the microscope are not
yet accounted fer.
It is the purpose of this buok to indicate the basic as-

v



Vi THE SIZE ANP GROWTH OF TISSUE CELLS

pects of the problem of tissue cell sizes. There are three
distinct aspects which are discussed separately. They are:
first, the physical problem of measuring the parts of a
tissue cell; second, the time parameters in the life of a
cell; and, third, the interpretation of cell size distribution
«$ a problem in population dynamics. There is also given
a brief outline sketch of the history of cell sizes as re-
lated to the study of human cancer. For it was in the
diagnosis of cancer that the subjcct of tissue cell sizes re-
ceived its first major impetus.

Although the sizes of tissue cells, or of their nuclei,
have been interpreted as indicating malignancy of growth
in one way or another, it is safe to say that current knowl-
edge about how animal cel! nuclei in"general attain their
various sizes is far too meager to permit any inference
about the special properties of human neoplastic growth.
While the diagnosis of human cancer is referred to re-
peatedly throughout this book, there is no attempt to
justify the use of cell or nuclear sizes for that purpose.
The treatment is aimed at indicating possible lines of
thought which might lead to a basis for comparing normal
and cancer cells. The actual comparison, however, is be-
yond the scope of this book which deals with the funda-
mental questions of the how and why of cell sizes.

In most respects  the rationale of cell size measure-
ments is in a neglected condition; the lack of good data
has relegated it to the limbo of controversy. There are no
adequate data on tissue cell sizes reported in the litera-
ture. The best data are of measurements on nuclei of tis-
suc cells. The purpose of this book is to formulate the
nced and the requirements for suitable data, and also to
sketch the lines of speculation which cell size would merit
as a subject for scientific analysis. '

This purposce has been undertaken in the belief that the
proper measurcments and analvsis of the sizes ot cell
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parts can ultimately yield information about the growth
of cells. Of necessity this must be a speculative belief since
factual laboratory data are scarce. The speculation, how-
ever, is sound in that it follows the lines of general popu-
lation dynamics which have been applied to human
populations or, to take an inanimate extreme, the popula-
tion of neutrons in a moderator.

The point of view taken in this approach to cell growth
may be said to be phenomenological in that it deals only
with an enumeration of cells and a measurement of their
visible dimensions. The myriad biochemical processes un-
derlying growth and which eventually lead to the synthesis
of a fundamental substance such as, say, desoxyribose-
nucleoprotein, are ignored for the moment.

Attention is focused solely on the entire cell as an ob-
servable and denumerable unit. The statistics of such units
along with a knowledge of the time parameters of their
lives can provide a quantitative measure of their growth.
And, although the available data on sizes are in terms of
nuclear data, the analysis applies with equal validity to
any other cell part or to the cell as a whole. :

The sizes and the time intervals in the lives of cglls are
analyzed in the so-called steady state of growth. The .
steady state is one in which no accelerations or decelera-
tions (degeneration) occur which could give rise to tran-
sient states of the cell population. Such a steady state may
be as ephemeral as the so-called normal tissue cell. But it
must be postulated to indicate a reference state, if only to
rule out the complications accompanying transient growth
ohenomena such as occur, for example, in endocrine stimu-
lation.

It is probable that the steady state of growth is at-
tained in the transplantable mouse (and rat) tumors,
where the evidence points to an uninhibited cell multiplica-
tion in the early stages. For this reason, the analysis is
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illustrated in terms of mouse tumer cell data. The ma-
terial, on the whole, deals primarily with the tissues of the -
standard laboratory animals such as mice, rats, dogs, as
well as with data on human tissue as they are available.
The vast and interesting material on lower biological
forms is of necessity left out of consideration.

Since this is a biophysical evaluation of cell sizes, it 1s
necessary to give figures on the orders of magnitude of
the rate at which tissue cell sizes presumably change. In
Chapter V is given an outline of the methods and type of
data obtained in the measure of proliferation rates.

The range of values of nuclear sizes takes on added
meaning when the time interval in which the range can be
traversed is indicated in order of magnitude. A mouse
tumor cell that doubles its volume in 23 hours is remark-
able for speed of growth. Equally remarkable for its slow-
ness is, say, a human epidermal nucleus which doubles its
volume in 2,000 hours. Therefore, from the physical point
of view there is a discussion of cells not only of “How
big?"” but also of “How fast do they become big?”



5

2N

ACKNOWLEDGMENTS

l HE IDEAS OUTLINED HEREIN

WERE FIRST PRESENTED IN
an article entitled “How Big Is a Cell,”” which appeared
‘in Physics Today (51). Acknowledgment is due the
American Institute of Physics, Inc., for its kind permission
to use major portions of the original article in the com-
pilation of this book. ‘

Credit is due The Macmillan Company for permission
to quote from E. B. Wilson’s The Cell in Development
and Heredity, 192§, p. 732. The Wistar Institute and Dr.
W. H. Lewis kindly permitted the quotation from the
latter’s article in The Anatomical Record, Vol. 100, 1948.
The University of Chicago Press gave permission for the

ix



X THE SIZE AND GKOWTH OF TISSUE CELLS

quotation from N. Rashevsky's book, Advances and Ap-
plications of Mathematical Biologv, 1940, pp. 80-81.

The facilities for cell research placed at my disposal
by the co-operative help of the Staff of the Roswell Park
Memorial Institute made possible the experimental work.
My ecver-cheerful assistants, Miss Helen Pirog (Mrs.
Jack Rainear) and Mr. Cornelius Candee, made the work
seem easy. Special credit is due Dr. William H. Wehr for
his indispensable help with the human epidermis studies.
Mr. Melvin C. Reinhard and Miss Hilda L. Goltz helped
with the tumor cytology as well as with the formulation of
ideas of growth expressed here. Miss Carol Gareis expe-
dited the preparation and handling of the manuscript.

Credit for the intangible results of persistent question-
ing is due the members of the Biomedical Research Staff
of the Los Alamos Scientific Laboratory. Notably the
stimulation given by Dr. Louis H. Hempelmann will be
remembered.

Prof. Oliver P. Jones generously studied the manu-
script and made valuable suggestions.

J.G.H.



CONTENTS

INTRODUCTION
ACKNOWLEDGMENTS
1.1st ov 1LLUSTRATIONS

f.1s1 or TABLES

CHAPTER

[. HISTORICAL OUTLINE OF THE.
SUBJECT OF CELL SIZE
MEASUREMENTS

Hermann Lebert :

Sparrow and the Hound Dog

A History of Errors, 1840-1851

The Nucleocytoplasmic Ratio

How a History of Frrors Repeated

Itself, 1908-1932 L

6. Progress Report and General Trends

O Y ™

1. WHY IT IS THAT CELL SIZES ARE
HARD TO MEASURE
1. Statement of the Problem
2. Looking Down a Tube .

3. Some Speculative Ideas about the
Third Dimension

1. WHY MEASURE CELL SIZES?

Xt

xiii
XV

PAGE

10
12

15
18

23
23
29

31



xit THE SIZE AND GROWTH OF TISSUE GELLS

IV, THE MODE OF CELL DIVISION
i. The Meaning of Mode
2. The Simple. Stochastic Model
3. The Clock Model

V. THE TIME P;\RAMFTFRS IN THE
L1IFE OF A CELL

. Exfoliative and Cumulative Growth

2. The Mitotic Index S

3. The Duration Time of Mitosis, T

4. The Cell Number Doubling Time, L

el

V. THE FREQUENCY DISTRIBUTION
OF CELL SIZES

1. Technical Requirements
2. The Problem of Age Structure .
3. The Growth of Individual Cells
4. Practical Considerations

REFERENCES
SusjecT INDEX

AvuTtHOR INDEX

43
43

43

8

51

52
58
62

68

69
74

77
8o

89
99

IO



LIST OF ILLUSTRATIONS

FiGURE 1.
Figure 2.
FiGURE 3.
FIGURE 4.
FIGURE 3.
FiGURE 6.
FiGURE 7.
Ficure 8.
FIGURE 9.
FIGURE 10.
FIGURE 11I.

Example of round nuclei as seen in
human female breast carcinoma

Sheet of polygonal cells teased from
the outer surface of human epidermis

Section through hyperplastic human
epidermis .

Representative section of cancer tis-
sue from human squamous cell carci-
noma of cervix .

Exfoliated cells from human uterine
cervix prepared by the cytology
smear method

Fresh smear preparation of dbr
mouse tumor in 10% formalin .

Frequency distribution of mitoses per
field in dbr mouse tumor

Histograms of the frequency distri-
bution of §36 nuclear volumes in the
dbr mouse tumor

Histograms of the frequency distri-

bution of nuclear and cell volumes in
the dbr mouse tumor

Histograms of the frequency distri-
bution of nuclear volumes of the dbr
mouse tumor in semi-log plot

Correlation between cytoplasmic vol-

xiii

21

27

28

30

3I

33

55

70

82



xiv

FIGURE 12.

FIGURE 13.

THE SIZE AND GROWTH OF TISSUE CELLS

ume and cell volume in dbr mouse
tumor . . . . 84

Histograms of the average values of
nuclear and cytoplasmic volumes as
a function of cell volume in dbr
mouse tumor S 85

Relationship between nuclear and
cytoplasmic volumes of cells in dbr
mouse tumor . . . . . 87



Tar1E

TasLE

TasBLE

TABLE

TABIE

I

IL.
IT1.

Iv.

LIST OF TABLES

Values of thc mitotic index (mi) in
miscellaneous tissues

Tissue cell growth data .

Characteristic exponential constants
for examples of cumulative growth
of cells in tissues

The duration time of mitosis in tis-
sue cells . .

Average turnover times in examples
of exfoliative growth

53
53

56

59



The Size and Growth
of Tissue Cells






CHAPTER 1

HISTORICAL OUTLINE OF
THE SUBJECT OF CELL.

SIZE MEASUREMENTS

I HE QUESTION OF THE $SIGNIF-
ICANCE OF SIZES OF CELLS
and their parts has been controversial from the earliest
days of cell theory. The extension of the question to the
cancer problem was natural, but here led to the sharpest

-divergence of opinion. The problem was formulated in
the query: “‘Is size a distinctive feature of the cancer cell
or any of its parts?” From a perusal of the technical lit-
erature one might be led to believe that every slice of
tissue seen under a microscope was distinctly different
from every other slice. At least the cells in each slice
seemed to present a different appearance to each observer.
Flurries of statement and contradiction have persisted
across the century to the present times.
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