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Origin and Fate of Cel l s  i n  the Medulla of Rat Thymus.” (24226) 

G. SAINTE- MARIE^ AND C. P. LEBLOND 
Department of Anatomy, McGill University, Montreal, Canada 

Recently, counts were made of the resting 
and dividing nuclei of the 4 main cell types 
present in the cortex of rat thymus (reticular 
cells, large, medium, and small lymphocytes) 
and a scheme based on these counts was pro- 
posed to explain the production of lympho- 
cytes in this tissue (Fig. 1). Briefly, mitoses 
of reticular cells would yield an equal number 
of large lymphocytes and of new reticular 
cells. The large lymphocytes would then be- 
gin a series of successive divisions, so that a 
total of 8 generations of smaller and smaller 
lymphocytes would be produced and thus, 
each initial large lymphocyte would yield 128 
“mature” small lymphocytes ( 1 ) . The pres- 
ent work consists of counting cells and mi- 
toses in the medulla of thymic lobules, using 
xocedures devised to study the cortex ( 1 ) . 
The immediate aim was to find out whether 
or not the pattern of lymphocyte formation 
observed in the cortex also applied to the 
medulla. Furthermore, since the investiga- 
tion of the cortex had given no clues as to 
how lymphocytes leave the thymus, it was 
hoped that examination of the medulla would 
clarify this problem. 

*This work was supported by a grant from S a t .  
Cancer Inst. of Canada. 

Methods. The same thymus sections as 
were used in investigating the cortex of young 
adult rats (Bouin-Hollande fixation, Dorninici 
staining) were utilized in the present study. 
Resting and dividing cells were counted in 
625 $-fields of medulla. It had been previ- 
ously found that the cortex could be divided 
into 2 layers: peripheral cortex making up 
9%, and deep cortex making up 66’76 of the 
parenchymal thymus ( 1 ) . The medulla ac- 
counts for the remaining 2 5%. 

Results. Cytological observations. The 4 
cell types seen in the cortex (Fig. 2 )  were also 
present in the medulla, but with a few minor 
differences in their appearance. The cytoplasm 
D f  reticulm cells stained more intensely and 
was more distinct in medulla (Fig. 7 )  than 
in cortex. The nuclei of some cells con- 
tained granules of chromatin-like material 
often present within vacuoles (Fig. 7 .  lower 
center)-a picture interpreted as degenera- 
tion ( 2 ) .  Moreover, other stages of degenera- 
tion up to complete dissolution of nuclear ma- 
terial were seen, particularly in some reticu- 
lar cells associated with, or making up Has- 
sall’s corpuscles (Fig. 7 ,  upper left) .  

A few of the large and medium lympho- 
cytes in medulla had irregularly shaped nuclei. 

t Fellow of Nat. Cancer Inst. of Canada. Such irregularities were most pronounced in 
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S ~ Z Q Z Z  lymphocytes, which in addition had 
slightly larger and paler nuclei than in cor- 
tex ( 2,4,5 ) . Pseudopod-like processes ( Fig. 
3.  S’ and S”) and tube-like extensions of the 
nuclei ( 3  ; Fig. 3, S’”), rod-like and hour-glass 
shaped nuclei (Fig. 4, S) and other nuclear 
iistortions were common in the small lympho- 
cytes of medulla, but were rarely seen in 
cortex. Such figures were interpreted as in- 
dicating that the ameboid activity of the cells 
is pronounced in medulla. 

The vascular system was examined in thy- 
mus sections in the hope of finding clues as 
to mode of release of lymphocytes (2,6-9). 
Typical lymph vessels were rare (Fig. S), but 
lymphatic spaces associated with venules or 
other blood vessels were common in medulla 
and trabeculae. In cross section, such spaces 
were seen to surround blood vessels, which 
were thus enclosed as in a coaxial tube. Hence 
they will be referred to as “perivascular 
lymphatic channels.” These structures, which 
were seen by Smith( 10,ll) (although this 
author may not have appreciated their sig- 
nificance) were composed of thin, barely visi- 
ble, endothelium-lined walls, which may be 
collapsed or enclose rows of lymphocytes (Fig. 
6 ) .  The walls of these perivascular lym- 
phatic channels often showed cells with con- 
stricted nuclei undergoing diapedesis (Fig. 4).  
Similar observations were made in the walls 
of the enclosed b l d  vessels (Fig. 8) .  The 
cells in diapedesis usually were small lympho- 
cytes (Figs. 4, 8), occasionally other lympho- 
cytes, but never reticular cells. Diapedesis 
was not observed in cortex. 

Cell counts. The numbers of cells and mi- 
toses counted per field in the medulla (Table 
I, right) are presented next to those previ- 

FIG. 1. Stein Cell Reiiewal Pattorn of Lymphocyte 
Formation, Letters R, L, M and S refer to reticu- 
lar cells, large, medium and small lymphocytes 
respectively. Each lymphocyte generation is indi- 
z:itcci by such a lcttcr preceded by a number indi- 
(1:itiiig how many cells are involved and followed 
by ;L subscript referring t o  generation under con- 
sidcratioii. Small horizontal bars symbolize mito- 
SCX. Vertical dimension is time. The diagram in- 
dicates that at regular intervals, each reticular 
cell yields 011 the average another reticular cell and 
a large lymphocyte, which passes through 4 gener- 
ations and then produces medium lymphocytes (2 
generations), which in turn give rise to small 
lynphocytes (2 generations). 



Thymus of young adult rats stained with the Dominici technic. Figures at  a magnificatioli of 
X 1450, except Fig. 5, X 260. 

FIG. 2. Cortex. Anaphase of reticular cell niay be seen in center. Above, an  interphase 1111- 
cleus of reticular cell (R). Bclow, arrows point to large lymphocytes (L), a mediuiil (&I) and 
a small (S) lymphocyte. 

FIG. 3. Medulla. S’ arrows point to small lymphocyte with i ts  nuclcus sending off a large 
pscudopod-like process. S” arrow shows crenated nucleus of small lymphocyte. S“’ shows sniall 
lymphocyte nucleus scndiiig off a long process in the shape of squirrel tail. 

FIG. 4. Medulla. Srnall arrows liiie part of wall of a “pcrivascular lymphatic channel” 
surrounding blood vessel seen above. An hour-glass shaped sniall lymphocyte nucleus (S) is 
seen going through this wall. 

FIG. 5. Connective tissue trabccula. Small arrows point to ciidotlielial nuclei of mall of 
typical lymph vessel running close to vein (above). Lymph vessel contains many small and one 
medium lymphocyte. I n  nearby cortex the “L”  arrow shows an island of large lymphocytes. 

FIG. 6. Photomontage of vein arid associated ‘ ‘ perivascular lymphatic channel in  medulla. 
I n  lower portion of Figure, a series of vcrtical arrows point to wall of perivascular lymphatic 
channel. One attachment to wall of vein is sliowii by horizontal arrow a t  lower right. I n  upper 
portion of Figure, the wall of lyniphatic channel staiids out on riglit hand side, but is collapsed 
and barely visible on the left. 
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ously reported for the cortex (Table T: left). 
The medulla contained nearly 4 times more 
reticular ceZZs, but 25 times less large lympho- 
cytes and 10 times less medizim lymphocytes 

per field than the cortex. The numbers of 
mitoses varied in the same direction, so that 
mitotic indices for each of these 3 cell types 
were comparable in both regions. (KO stand- 
ard errors are given for the numbers of large 
lymphocytes and their mitoses, since these 
cells were rare in the medulla, where only 32 
were counted.) The number of srttaZl Zym- 
phoqttcs in medulla was 1.7 times less than 
i n  cortex. while the number of mitoses was 
decreased by a factor of 4, so that the mitotic 
indes of these cells was lower than in cortex. 

Discussion. Except for small lymphocytes. 
mitotic indices were comparable in cortex and 
medulla (Table I)  : and therefore, reticular 
cells. as well as large and medium lympho- 
c>*tes, have a comparable life span in the 2 
regions( 1 ) . Furthermore, mitoses were abun- 
dant enough to indicate a continuous renewal 
of the 4 cell types( 1) .  Thus. it was felt likely 
that lymphocytes evolve in a similar manner 
in cortex and medulla. To test this hypothe- 
.is. the relation of each cell type to its pre- 
cursor was examined in detail in the medulla. 
!\-henever the relation differed from that ob- 
served in cortex, an explanation was sought 
i n  the cytological and architectural features 
characteristic of the medulla. 

Rrlation of reticular ceZls t o  large lympho- 
cytrs. The number of large lymphocytes in 
medulla was only ,025 per field. If reticular 
cells yielded large lymphocytes a t  the same 
rate as in cortex, this number would be 2.61 
per field (Table II), i.e. about 100 times 
more. Thus, only about 1% of reticular cell 
mitoses may produce large lymphocytes, the 
other 99.6 yielding new reticular cells instead. 

The production of reticular cells as a result 
of mitotic activity must ‘be balanced by an 
equivalent loss to maintain a steady state. 

TABLE I. Xumber of Crlls n11d Mitoses per Fic,ld, n i i d  Jlitotic Indices in Cortex and Medulla 
of tlicl T ~ I V I I I U S  of 1 O-\\‘(’tlk-Old Ji:ilC Rats. 

~ ~~ 

I -7- 0 t :I 1 v 0 rt 0 s ?. ---, 7- ;1.2cclu11.2-, 
S o .  of Mitotic S o .  of Mitotic 

S o .  of c d l h  iiiitoschs iiidcx S o .  of cells mitoses index 

Rcticnlnr wlls .20 e .03 t .003 1 .(lo1 t .n15 .798 .06t .007 & .003t .009$ 
I ~ i r g e  lpip11oc.ytcs .(;ti .OX . ( ) i t ;  _t .oo4 .o(i,j .025 ,0014 .053 
Mcdiuiii ” 1.1.5 I .O.T .1 i2  .()I1 .131 .114 .04 .019 t .002 .143 
Sniall l S . i 2  .39 240 2 .011 .015 9.040 2 .40 .065 2 .008 .007 , t  

~ 

* Froin rcferencc 1. 
a mitotic index of .010. 

t 1 8.E. $ A rccount of 1000 reticular cells in medulla yielded 
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TABLE 11. Suiiibers of Cells Found in  Medulla 
of Thynub of 10-Week-Old Male Rats as Compared 
with Suml~cr s  Expected from Population of Im- 

mediate Precursor. 

Experi- 
iiiental Expected Differciicc 

Retic.ii1;iy (.(.11.; ,790 
1.n "gx' 1ynl "lloc.?-tt~s .025 2.61 - 2.56 
3lctliuiii '' .114 .045 + .069 
s111:111 9.04 3 4 0  +8.20 

Indeed. the signs of nuclear degeneration up 
to complete disintegration found in some 
reticular cells ( 2 ;  Fig. 7 )  indicate that a t  all 
times some of these cells are dying. Accord- 
ingly, Hassall's corpuscles may be considered 
to be structures into which reticular 
cells become aggregated and eventiially de- 
generate. 

Relation of medium to  large lymphocytes 
and of sinall t o  medium lymphocytes. In the 
medulla. comparison of cell counts for me- 
dium and small lymphocytes with the values 
expected from the numbers of their immedi- 
ate precursors (Table TI) revealed that me- 
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dium lymphocytes were more than twice, and 
small lymphocytes more than 10 times as 
numerous as expected. Where do the extra 
cells come from? It was suggested that lym- 
phocytes migrate from cortex to medulla ( 2  
4 )  and then enter the circulation(2,8). In- 
deed, since diapedesis of lymphocytes occurs 
in medulla (Fig. 4, 8) but not in cortex, 
lymphocytes must pass into the medulla be- 
fore entering blood and lymph vessels. From 
Table 11, it may be calculated that, if about 
60% of the medium and 91% of the small 
lymphocytes present in medulla were to come 
from cortex, the counts obtained for these 2 
cell types would be explained satisfactorily.$ 

Examination of the cells undergoing dia- 
pedesis and those present within lymph chan- 
nels revealed that medium lymphocytes and 
even the odd large lymphocyte may enter the 
circulation. However, the larger the lympho- 
cyte, the less it migrates from cortex to med- 
ulla to circulation. Those medium and large 
lymphocytes present in blood and lymph 

TABLE 111. Behavior of Sniall Lymphocytes of F i rs t  (S,) and Second (S,) Generation in  the 
3 Zones of the Thymus of 10-Week-Old Male Rats. 

Peripheral 
cortex Deep cortex Medulla 

Total No. of sinall lymphocytes" 128 1053 326 
S o .  of Type S,t 23 99 11 
SO. of Type S~-Totd  NO.: 105 954 215 

from pcripheral cortex 180 37 
No. arising in sitti 105 7 74 18 

from decp cortex$ 0 160 
Mean time spent by St cclls in  each zone$ 2.25 3.19 .81 

(using life span of S ,  as unity) 

+ Relative numbers obtaincd as follows: Counts of small lymphocytes/field for the 3 regions 
were iiiultiplied respectively by 9, 66 and 25 (TO of volume of parenchymal thymus which these 
regions occupy), 

t Calculated from Xo. of small lymphocyte mitoses (all attributed to S,), assuming tha t  life 
span of S, iil any region is 2.25 timcs as srnall as the meail time spent by Sz cells in peripheral 

$ Obtained by difference betwcen tlie above two figures. 
$ Calculated from contributions made t o  each S, pool by S, cells from the various zones, as- 

c or t ex ( 1 ) . 

smiling steady state conditions. (Detail of calculations will be sent on request.) 

$ Xumber o i  medium lymphocytes which would mi- cytes/field in cortex is 1.15 1 .05 (Table I), i.e., 
grate under these conditions may be estimated, if 86.25 k 3.8 for 7 j  fields. Number of these cells 
i t  is remembered that the ratio of volumes of me- leaving the cortex to enter the medulla is 
dulla to cortes was exactly 1 to 3, i.e., 25 fields of 
medulla for of cortex. Data on the right in Table therefore relatively small, smaller even than standard 
I[ indicate that in each field a mean of 0.069 error Of the number Of these Cells in cortex (3.81, SO 

medium lymphocyte would come from the cortex, that the loss of medium lymphocytes to the medulla 
that is 1.7 for 2 5  fields. Xumber of medium lympho- is too small to affect the reasoning in reference 1. 
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PI(+. 9. Forni:itioii :iiid iiiigratioil of lpiy~liocytes 
in periphcrnl :i11(1 ( 1 ~ 1 ~  cortex ; i i i ( l  i i i  Iiiet1ull;i of 
rat thymus (Irttvring as in  Fig.  1 J .  Basic plttcrn 
iii Fig.  1 is rcpcb:itt.d for cacli of the 3 zoncs, with 
thickness of long vertical portion nindc propor- 
tional to ninouiit of local l y q ) l i o c ~ t ( ~  production. 
At top of diagrmi, rcticulnr cc~lls :ire' dividiiig. In 
peripheral and ckep cortex, well siich rlivisioii 
yields on thc :rvcr:igc a large lytiipliocytc (L,) and 
;inothcr rcticii1;ir cell ( R ) .  111 n ic~d i i l ln ,  few 1:irgc 
Ipmphocptes are produced frolii rcticulnr cells, 
iiiost divisions yielding rcticu1:cr crlls, of ~vhich on 
the average hnlf d ip ,  frcqucrltly in Hassall’s cor- 
puscles. At bnsc of tli;igrnm, tltc lcngtlrs of hori- 
m u t d  portions for thc 3 ~ I I C S  ~ w r c  iiiarle p~opoi*- 
tionnl to n i c ~ : i ~ i  tiiiic spciiit Ly S, crlls iii c w h .  
l’ertical liiic stmiding f o r  p(~ipllcr:~l cortcs is 
curved to tlicb riglit to  joiii liiie st:inding for drep 
cortex ; then hoth togcthcr joiii lint. st:inding for 
nictlulla, tfiiis int1ic:iting 1~itIiiv;iy of S, migration 

to nietlu1l;i ;I t i ( 1  h w c r ~  to cirwl:i tion. 

channels were seen to undergo mitosis occa- 
sionally, just as they do in the parenchyma. 
I t  appears that their life span is the same not 
only in cortex and medulla (Table I): but 
perhaps even in the circulation. as indicated 
by unpublished studies of “medium” lympho- 
cytes labelled after thymidine-H’j injection 
(B. J. Bryant and Lola S. Kelly). Thus. me- 
dium lymphocytes-and presumably the odd 
large lymphocyte-entering the circulation 
would continue their evolution towards the 

Origin and migration of cells in thymus. 
-4n analysis of cell and mitotic counts in cor- 
tex had led to the elaboration of a Stem Cell 
Renewal Pattern of Lymphocyte Formation 
( 1 ) .  The same method of analysis did not 
yield a clearcut pattern for the medulla. This 
may be explained by the failure of reticular 
cells to yield large lymphocytes as in cortex, 
and also by the complication introduced by 
migration of medium and small lymphocytes, 
which are thus added to the cells formed in 
the medulla. 

Our tentative conclusions regarding the role 
of cortex and medulla in formation and mi- 
gration of lymphocytes are illustrated in a 
diagram (Fig. 9 ) ,  which was constructed as 
if only second generation small lymphocytes 
(S,) were involved in migration (Table 111). 
This assumption was adopted for the sake of 
simplicity, since it was known that small 
lymphocytes play a major role in migratory 
processes, and precise data concerning the 
part played by other lymphocytes were lack- 
ing. 

The peripheral cortex (Fig. 9. left) shows 
the typical pattern pictured in Fig. 1, but 
with the base of the diagram curved to the 
right to indicate that small lymphocytes (S2) 
arising in this zone migrate across the deep 
cortex where they join with more S2 cells and 
together migrate towards and into the med- 
ulla. 

Again, lymphocytes are formed in deep COT- 
fcs according to the basic pattern but in 
greater numbers than in peripheral cortex, as 
indicated by the thicker line for the central 
diagram in Fig. 9. That small lymphocytes 
spend more time in deep than in peripheral 
cortex (Table 111, last line), is represented in 
the diagram by the greater length of the 
horizontal portion of the diagram for deep 
than for peripheral cortex. 

In medulla, the pattern is changed as far 
as reticular cells are concerned, since the 
niitoses of these cells yield reticular cells al- 
most exclusively, instead of large lymphocytes 
as in cortex; and the new reticular cells either 
divide again or die by degeneration, an oc- 
currence observed in scattered cells as well as 

‘‘mature” small lymphocyte stage (Fig. 1). in some of those grouped in Hassall’s cor- 
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puscles. The various types of lymphocytes 
seem to reproduce in the same manner as in 
cortex, but the sizable population of small 
lymphocytes found in medulla comes largely 
from cortex. The concept of the medulla as 
a passageway for these cells is consistent with 
the observations of ameboid activity and of 
diapedesis into the vessels of this region (Figs. 
4 and 8 ) .  Lymphocytes which have entered 
the perivascular lymphatic channels (Fig. 6) 
may reach the main circulation in 2 ways: 
1) by diapedesis from these channels into the 
enclosed blood vessels and 2 )  by travelling 
along these channels to the main lymphatic 
circulation. 

In conclusion, i t  seems that an important 
function of the thymus is to produce lympho- 
cytes( 12,13) to be delivered to the circulation 
through the medulla. 

Summary. 1) Counts of resting and divid- 
ing cells in the thymic medulla of 10-week-old 
male rats revealed that reticular cells are 
more abundant than in cortex, but the 3 types 
of lymphocytes (large, medium, small) are 
less abundant than in cortex. However, ex- 
cept for small lymphocytes, each cell type 
has approximately the same mitotic index 
and, therefore, approximately the same life 
span in the 2 regions. 2 )  In  view of the 
small number of large lymphocytes present, 
i t  appears that the evolution of reticular cells 
into lymphocytes is the exception in medulla, 
instead of being the rule as in cortex. Mitoses 
of reticular cells would mainly give rise to 
other reticular cells. Since these cells fre- 
quently show signs of degeneration, i t  is sug- 
gested that their loss through degeneration 
balances the overproduction indicated by 
their high mitotic activity. Clumps of reticu- 
lar cells. many of which are in various stages 
of degeneration, make up the structures 
known as Hassall’s corpuscles. 3)  That the 
small lymphocyte is the end product of a 
series of 8 successive generations from large 
lymphocytes through smaller and smaller 

cells, seems to hold in medulla as in cortex. 
However, the presence of many more small 
lymphocytes in medulla than expected from 
the number of medium lymphocytes raised 
the possibility that small lymphocytes immi- 
grate from cortex. Indeed, since diapedesis 
of small lymphocytes was commonly seen 
across the walls of the perivascular lymphatic 
channels and blood vessels in medulla but not 
in cortex, a migration of cortex-formed small 
lymphocytes through the medulla must be 
postulated to allow them to reach the circu- 
lation. To a lesser extent, medium lympho- 
cytes (and perhaps even the odd large lym- 
phocyte) may also migrate from cortex to 
medulla and from there to the circulation. It 
is concluded that only a small degree of lym- 
phocyte formation occurs in medulla. This 
region is mainly a passageway allowing the 
lymphocytes arising in cortex to reach the 
circulation. 
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