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Celi Cycle of Spermatogonia in Mouse Testis
PROFESSOR JACOB I. FABRIKANT, M.D., PH.D.

Donner Léboratory, Lawrence Berkeley Laboratory

University of California, Berkéley, California:94720, USA

1’ S, GZ’ and M. The

duration (T] of these phases and the cell cycle time (TC) can be measured

The mammalian cell cycle consists of four phases: G

accurately by pulse-labeling with tritiated thymidine (3HTdR), followed by

serial killing, preparation of high resolution autoradiographs,‘and determ-

“ination of the percentage of mitoses labeled at frequent intervals between

injection and death [1,2]. The present communication measures the sper-

matogonial cell cycles and their constituent phases of proliferating type A

'(taken>as a whole, including types A_, Al’ A2, A3’ and'A4), intermediate

S

(In), and type ﬁ cells in the testis of the yoﬁng mouse, and anaiyzes the
cell cycle and céll population kinetic parameters, such as growth
fractions and cell-birth rates from 3HTdR autoradiographic data.

Young adult (13 weeks) male C57BL/6J mice were used. 3HTdR (20 uCi, sp.
act. 19.2 Ci/mM) were injected intraperitoneally; animals were killed at in-
tervals from 0.5 to 60 hr. A;tor;éiographs_were prepared from wax-embedded
tissues, prestained with PAS-Schiff solution, dipped in Kodak NTB-2 liquid
nuclear emulsion, exposed for 3 months, processed, and counterstained with

Ehrlich's hematoxylin. At least 100 meta-anaphases in each spermatogonial

-~

‘cell type were counted; dividing cells with 4 grains or more on slides with

background counts of less than 1 grain per nucleus were scored. The.sper-
matogonial cell types were based on tubular stages and the seminiferous
epithelium described by Oakberg [4], and identified in Stages IX, XI, I-TI

for type A, 1V for In, and VI for B mitotic cclls, respectively.
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Fig. 1 illustrates percentage of mitoses labeled as a function of the 1nterva1
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between injection and death. There are two well deflned waves of labeled
mitoses. Mitotic cell labeling of early prophase cells occurs promptly:
within 1 hr of injectlon'ofsSHTdeibgeagse ofﬂghehlabelinggof_early prophasd

cells, the kinetic data for analysis of the l

1nterval are compll—
. (GZ+M/2) o fame e
cated-by the prolonged transitional prophase unique to the spermatogon1al cell
(_r‘,,.y, "‘,F_SL‘

populat10n—~ This ‘Hitotic stage is unusual since some 25 of early prophase
5 IR S A4 '{ Tinalou
cells label with" HTdR by‘l hr, th1s 1nd1cates that DVA synthe51s is occurrln

..... r'l'f’#‘f CLF a2

1mmedrately'pr10r‘t0>the onset of m1t051s and appears to be conflned to

r.’.\J r ;nl . i,),«zr“: “!-’ * q"‘(i}!"!i
early prOphase '[5, 6] T(G +M'/2)'1n each spermatogonlal ‘cell type (A In, and
. {t “t" : '."*')"IN,(

B) determlnedJat the '50% point ‘on the 1n1t1a1 ascendlng wave of labeled mi-

: L ST SN By R TR
toses,: is approx1mately 3 hr, but there was oreat varlatlon within and among
the individdﬁl“cell’populatiOns.';The-spreéd’in'the dutation‘of this'period

t Tt ,xI; (ﬂ:}

' . . . T CaT ':_1_" e "'
is most noticeable in the type ‘A populatlon In an ideal renehal system, all
-\l, - T

cells in DNA® synthe51s at the time of’ 3HTdR 1n3ect10n should be labeled and

. l“ U 33 ;l,:":ul
should pass through nitésis to’ give'lOO labellng [2 3] “in this study, label -
. M \\ T l - a4y ‘;\J\‘ 'II' T "": ,f
ing reached 96% in type A mltoses ‘dngd” 100 in In and B cells TS’ determined
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at the '50% p01nts '8n thé' ascendlng 4Rd descendlng)llmos is 22 hr 23 hr, and
Yoom - ;f"" ‘
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25 hrwin'typeﬂA ‘In; and ‘B cells, 'respectlvely The Varlablllty in TS is -

- n g e
estlmated ‘from differendés betwéen slopes of the ascendlng and descendlng

IO

g g )l [FLI fb’\f,] .
limbs; ‘since the fall'‘is’ less steep than’ the rlse part1cularly in type A

s < n . ! 'i’l"{"‘-
cells,"s inindividual’ cells is of;Unequalnlengths. TC 1s the dlstance be-

reg

» . . . . .. . R N T
tween’ the 50% points on the rising limbs of the' first and second waveS' these

_ . U T S A st AU
values- are '34- hr,''32 hr,- and 34 hr in types Az In, and B ce]ls respectlvely

. L
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(G +M/2)’ omeasured-by” subtractlon, 1s 9 hr “6 hr and 6 hr respectlvely
.- x;\r'l*m AU FEDTEN T
lhe distribution’' of’ lC in’ 1nd1v1dual cells is great in the type A cell
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population, which accounts for a spread of experimental points in the second
wave and absence of a well-defined peak for the S phase of the daughter cells.

This was not the case in type B cells, and to a much lesser degree, in In

spermatogonia. : ‘

Estimate of the growth fraction (G.F.) of the proliferating spermatogonial

cell populations (type A, Iﬁ, and B cells) is obtained from 1-hr 3HTdR—

labeling indicesﬂ(LIj and labeled mitoses [7]. Labeling index of the G.F.,

LIp = A(TS/TC),where A is a constant which Aepends on the duration and position
of S in the cell-cycle [3]. In linear growth, X is ~n 1.0;'LIp = 46% for type
A, 72% for In, and 74% for B spermatogonia. Comparison of observed and cal-

culated LI is a measure of the fraction of cells dividing; G.F. = LI/LIp

For type A spermatogonia, LI = 30%, and G.F. = 0.46; for In cells, LI = 63%,

and G.F. 0.88; for B spermatogonia, LI = 50%, and G.F. = 0.68.

The ceil birth rafe, a, is the number of cells added to the population by
diviéion per unit time; o = 1n 2/TC. .Thus, approximately 1.9 type A sber—
matogonia/hr/1000 type A cells, 2.2 In cells/hr/1000 In cells, and 1.9 fype

B cells/hr/1000 B cells are available to flow into each subsequent cell com-
partment along the type A + In > §Ypé B proliferating-different{ating sequence
of spérmatogonial cell renewal. The specific birth rate, B, is the préportion
of cells dividing per unit time; B = LI/TSl These values are 0.14/hr. 0.03/hr.
and 0.02/hr for type A. In. énd B spermatogoniéj respectively. The data are
insufficient to calculate extent of cell loss dﬁe to ineffective spermato-
gencsis and physiological attrition.

These observations agree with cell cycle times and phase durations for sper-
matogonial ceil populations in the Wistar rat [8,9], but not with those re-

ported for thC‘Fl hybrid (101 x C3H) mouse [6]. The data indicate that

-.spermatogonial cell cycle times in the mouse are rclatively long, and the



-4- | ' ~ Fabrikant

greatest variation occurs in_the type A populatidn taken as a whole. This
vwould be due to (1) the heterogeneity of the type A p0pﬁlétion, which con-
'sists of at least 5 types: As’ and A1_4.subpopulafions, (2) variatipn of cell
kinetic parameters in each of these type A subpopulations, and (3) the pos-
sible existence of at least two type Aélstem cell populations -- one with a
relatively short cell cyCIe.time in tﬁé range of N 42 hr, and one with a
fairly long cell cycleé time, perhaps 13 days or more [9-13]. The results of
this work demonstrate: (1) The cell cycle times of spermatogonial renewal
populations are much longer than the rapidly dividing mammalian fissues of
the immunoﬁematopoietié system or the intestinal epithelium [1,2]. (2) Sper-
matogonial cells, as a renewal tissﬁe, are in a dynamic state of cell renewal
with precise regulatofy contfolvfor maintenance of cell population structure
in a steady state. The cell birth rate is almost constant in each cell com-
partment, and this appears to be maintained under homeostatic control through
variation in the G.F. and in the specifié birth rate in each subcompaftment
aloﬁg the proliferation-maturation sequence. For example, the G.F. is low in
the type A subcompartment, but this_is cbmpensated for by a relatively high
specific birth rate; the reverse situation appears to obtain for the In subf
compartment. (3) The %(S+GZ+M) céll—age sequence is fairly constant in a

- - - M - - '\' N - 3 - -
given renewal tissue in a species, while T, varies widely, and is mainly re-

6

sponsible fér differences in cell cycle times, both within and between éell
populations..(4) The subpopuiations of the type A compaftment, and pérticu-
larly the fype AS stem-cell compartmeﬁt, require further studies for more
precisc analysis of cell population and cell cycle kinetic»paramcters. This
is presently being done in our laboratory {Work supported by USDOE (USAECY

Contract CH AT (11-1)-3013 and by USPIS training grant No. 39896-03-70].
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Fig. 1. Percentage of labeled mitoses in mouse spermatogonia [type A,
intermediate (In), and type B] after injection of 3HTdR; each point

represents 1 mouse.

Work performed under the auspices of the U.S. Department of Energy.
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