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Summary 

A number of recent investigations have suggested that 
the subset of lymphocytes which migrate into non
lymphoid tissue to appear in peripheral lymph may 
be partly different from the major recirculating pool 
migrating through lymphoid tissues. We report results 
on the migration from the blood of thoracic duct 
lymphocytes labelled with 51 Cr and three subsets
accredited recirculators, activated lymphocytes and 
,long-lived" lymphocytes. The localization of these 
populations was studied in normal skin, in a contact 
sensitivity lesion and in a site of non-immune inflam
mation. All four populations localized in the contact 
sensitivity lesion in increased numbers compared to 
normal skin but ,,long-lived" lymphocytes appeared 
to discriminate between cell-mediated immunity and 
non-immune inflammation; activated lymphocytes 
migrated most efficiently into the non-immune in
flammatory site (Table 4 ). 

Introduction 

Lymph,ocyte recirculation refers to the process 
by which lymphocytes leave the blood by cros
sing vascular endothelium and later return to 
the blood by a different route. The operational 
term ,localization" simply refers to the presen
ce of cells at a particular time and place. Higher 
localization at a particular site means that more 
cells were found there without prejudice to 
the processes involved which may be increased 
influx, decreased efflux or the net effect of 
changes in both influx and efflux. 

The major sites of lymphocyte recirculation 
are the spleen, the bone marrow, lymph-nodes 
and gut-associated lymphoid tissue (Fig. 1). 
This symposium is principally concerned with 
lymphocyte migration through nonlymphoid 
tissue as an essential process in immunity 
especially in cell-mediated immune responses. 
The implementation of such responses, for 
example in the skin, is thought to depend on 
the migration of sensitized T lymphocytes 
into regions of antigen deposition. If the T 

lymphocytes leaving the blood for all sites are 
considered probably only about 10% of them 
migrate into non-lymphoid tissue. Since the 
spleen and lymph-nodes account for about 1% 
body weight the migration of lymphocytes 
into these organs per unit weight is greater 
than into non-lymphoid tissue by a factor of 
1000 or more (1). 

There are also consistent differences between 
different non-lymphoid tissues in the flux of 
lymphocytes leaving blood-vessels. The great
est traffic is in the liver, small-intestine and 
ovary; the least detectable flux is in the brain 
(2). In general lymphocytes return from the 
interstitium of tissues via the afferent lympha
tics to lymph-nodes and subsequently via ef
ferent lymphatics to the blood. The average 
time taken for lymphocytes to traverse a 
lymph-node from afferent to efferent lympha
tic is substantially shorter than the average 
sojurn in lymph-nqdes of the majority of recir
culating cells which leave the blood by cros
sing high-endothelial venules (HEV) in the 
paracortex (3). This may possibly be because 
the afferent to efferent route is completely 
within lymphatic spaces whereas the HEV to 
efferent lymphatic route involves negotiating 
a labyrinth of sessile cells and reticulin. 

The question of whether the minority traffic 
through non-lymphoid tissue is a completely 
representative s~'llple of the whole recirculat
ing lymphocyte pool is of crucial importance 
but the data on this point are limited. It is 
easiest to obtain lymphocytes in large numbers 
from efferent lymph but of course these cells 
·had previously arrived at the node by two dif-
ferent routes, afferent lymphatic and HEV (4), 
and their properties may therefore be the 
resultant of contributions from two unequal 
populations. However there is a body of circums-
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Fig. 1 Simplified diagram of the recirculating lymphocyte pool with five main compartments. The 
values refer to recirculating T lymphocytes in an adult rat. The upper figure is the approximate 
% ofT cells which leave the blood to enter that compartment. The lower figure is the approximate 
modal transit time. 

tantial evidence that distinct subsets of lym
phoid recirculators and non-lymphoid recircu
lators do exist probably with some overlap. 
First whereas B lymphocytes migrate well into 
the lymph-nodes and spleen leaving the blood 
by the same route as doT lymphocytes (5, 6) 
~y migrate poorly into non-lymphoid tissue 
s~ce a much smaller proportion of lg + ve small 
lymphocytes is found when the cells in affer
ent lymph of sheep (7) and of man (8) are 
compared to efferent lymph. Second the lg -ve 
cells of afferent lymph in sheep display much 
reduced immune reactions to histocompatibili
ty antigens compared to the lg -ve cells in 
efferent lymph (7). Third there is a greatly in
creased proportion ofT cells bearing Ia anti
gens in human afferent lymph compared to 
T cells in the blood (9). Finally the discrimina
tory migration of Ig -ve lymphocytes in the 
sheep can best be explained by subsets ofT 
cells which migrate preferentially across either 
HEVs into lymph-nodes or into the gut (and 
perhaps other non-lymphoid tissues) and so 
reach lymph-nodes via afferent lymphatics (10). 

Most quantitative studies of the traffic of lym
phocytes in non-lymphoid tissues have been 
performed by cannulation of peripheral 
lymphatics as pioneered in the sheep by Mo"is 
and his colleagues (11) or alternatively in 
smaller animals by transferring radioactively 
labelled lymphocytes by i.v. injection followed 
by excision of certain non-lymphoid tissues for 
radioactive counting and autoradiography at 
different time intervals (e.g. 12). A recent 
methodological study (2) suggested that in this 
context 51 Cr sodium chromate was the radioac
tive label with fewest disadvantages for lympho
cyte migration studies. The need for extensive 
vascular perfusion of the whole carcase in 
order to minimise radioactivity that is no longer 
associated with the injected cells and also to 
remove intravascular lymphocytes was stressed. 
The results of applying this technique to lym
phocyte traffic into nonnal and inflamed skin 
of the rat are reported here. 

Materials and Methods 
Animals Adult rats of either of the inbred strains 
AS or (DA x PVG/c)F 1 were used as donor and 
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recipients of lymphocytes. Cells were transfer
red between syngeneic rats. 

Isotopes Sodium chromate ( 51 Cr) (CJS.IP), 
5-( 125 I) iodo-2-desoxyuridine (IM.352) and 
(6-3H)-thymidine (TRA.61) were obtained 
from the Radiochemical Centre, Amersham, 
U.K. 
Thoracic duct cannulation was performe.~ and 
lymphocytes were collected as described by 
Ford {13}. 

Whole body perfusion Immediately after death 
all recipients were perfused via an aortic can
nula with 250 ml PBS as previously described 
(2). 

Cell preparation and labelling Thoracic duct 
lymphocytes (TDL} were collected on ice for 
periods of up to 16 hours. After centrifugation 
these were resuspended at 3 x 107 /ml in PBS, 
layered on to a 5:2 mixture of 14% Ficoll 
(Pharmacia) and Hypaque ( 45% Na diatrozoa
te - Winthrop) and centrifuged at 1200 g for 
20 min at 15 oc {14}. The TDL in the inter
face were then free of contaminating erythro
cytes. They were washed in PBS and resuspen
ded for labelling at 108 /ml in RPMI 1640 + 
10% FCS (Gibco-Biocult). The TDL were in
cubated for 1 h at 37 o C in a gently shaking 
waterbath in the presence of 10 pCi/ml of 
51 Cr or 1 J.LCi/ml 125 IUdR. The cells were 
then washed x 3 in PBS before being layered 
onto 5 ml of 50% FCS/PBS and centrifuged 
for a fmal time at 350 g for 10 mins before 
resuspension in 2.0 ml for i.v. injection. 

Accredited recirculating lymphocytes were 
obtained by i.v. injection of 51 Cr labelled TDL 
into a syngeneic rat with a pre-existing thoracic 
duct fistula. The TDL collected from this in
termediate rat over the next 2-16 hours were 
used. They included approximately 10% of 
the injected radioactivity. 

Long-lived recirculating lymphocytes were 
labelled in vivo by administration of 3 H-thymi
dine (1 J.LCi/g body wt/day i.p.) daily for three 
weeks to prospective donors ( 15). These were 
cannulated 3 weeks after the last injection of 
isotope. TDL were centrifuged once before in
jection. 
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Contact sensitisation and challenge 

Table 1 lists the agents, dilutions and diluents 
used. 

Tab. 1 

Agent Sensitizing Challenge 
Dose Dose 

1, Chloro 2, 
O.S%c) 4. Dinitrobenzenea) S%C) 

-(DNCB) 

Picryl Chloride a) 
(TNCB) 7%C) l.O%C) 

4 Ethoxymethylene-
2-Phenyla) S%C) O.S%C) 
Oxazolone (OXAZ) 

Croton OiJb) 1Q%d) 10%d) 

a) B.D.H. Chemicals Ltd., Poole, Dorset. 
b) Sigma Chemical Co., P.O. Box 14508, St. Louis, 

U.S.A. 
c) dissolved in absolute ethyl alcohol. 
d) dissolved in Di-n-butylphthalate - a). 

Rats were sensitized by application of 0.1 ml 
of one of the agents to the clipped abdominal 
skin. Secondary lesions were elicited by appli
cation of 0.1 ml of the appropriately diluted 
agent to a circular area (Ca. 1.5 em diam) of 
clipped skin on the back twelve days later. At 
this time similar areas were painted with chal
lenge doses of the other agents. Thus recipients 
were challenged with the agent to which they 
had been sensitized, two other sensitizing 
agents and croton oil which is an irritant but 
shows no evidence of increased response on 
secondary challenge. Challenge was normally 
24 hrs before injection of labelled cells. DNCB 
was usually used as the specific sensitizing agent 
although all three agents induced an increased 
localization of lymphocytes in skin sites of 
secondary challenge. 

The specific contact sensitivity lesion was an 
area of erythema with little induration. Histo
logically a mononuclear cell infiltrate of mo
derate intensity was seen throughout the 
dermis with occasional superficial foci of poly
morphonuclear leucocytes. Lymphocytes were 
present but did not predominate. The maxi
mum intensity of the inflammation was seen 
24-48 hrs after challenge and the lesion 
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Fig. 2 Radioactivity measures in skin at different in
tervals after the injection of labelled lymphocytes. 
Mean ± S.E.M. • -•- normal skin. ~o- site 
of challenge with DNCB (secondary application). 
D-O - site of croton oil application . .A...-A- site of 
primary application of OXAZ . ._.- site of P.rimary 
application of TNCB. 2a - TDL labelled with 51~r 
sodium chromate. 
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Fig. 2b TDL labelled with 125 IUdR. 

remained roughly the same for a period of 
48 hrs. 

Skin painting with croton oil produced erythe
ma and oedema. Secondary application of this 
agent produced a lesion of similar intensity as 
primary application with no increased locali
zation of labelled cells. 

o-01 

§ 
'
<ll a. 

05 2 24 
hours after injection of lyrflJi1ocytes 

Fig. 2c TDL labelled with 5JCr-sodium chromate before 
passage from blood to lymph in an intermediate rat. 

Primary application of challenge doses of 
DNCB, TNCB or OXAZ produced no response 
detectible by inspection. 

Tissue sampling and measurement of radio
activity 
After whole body perfusion tissues were samp
led by careful dissection, weighed and assayed 
for total gamma radioactivity in an LKB Wal
lac Ultragamma dual channel deep well 
-scintillation spectrometer which allowed 
simultaneous counting of 125 I and 51 Cr. 

Heparinized blood samples of 4.0 ml were 
taken under ether anaesthesia just before death; 
2.0 ml was i:liluted and centrifuged over Fico/If 
Hypaque for the leucocyte layer; the other 
2.0 ml was centrifuged for plasma. The drain
ing perfusate was also assayed for radioactivity 
in both cells and fluid. Liquid scintillation 
counting of tissues for 3 H activity was perfor
med as previously described (13). 

Results 

The localization of labelled lymphocytes in 
normal skin and areas which had been painted 
with various inflammatory agents (Table 1) is 
represented in Fig. 2. Three populations of 
TDL were studied - a) TDL labelled with 
51 Cr which is not known to discriminate be
tween different cell-types except in so far as 
large cells are labelled more intensely than 
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small cells, b) 125 IUdR which labels only ac
tivated cells in S·phase (a small minority of 
TDL), and c) 51 Cr labelled TDL which had 
recirculated from blood to lymph in an in
termediate recipient. This manouevre removed 
not only most of the activated cells but also 
those small lymphocytes which did not recir
culated by this route during the collection pe
riod. Recipients were killed at 0.5 hours after 
injection -when the tissue distribution largely 
reflected the initial distribution of cells from 
the blood; 2 hours - when the spleen and 
bonemarrow were near their maximum uptake; 
and at 24 hours - when the injected cells were 
approaching equilibrium with the recirculating 
lymphocyte pool. 

Considering first the whole population labelled 
with 51 Cr the highest values for skin localiza
tion were found at 0.5 h with a defmite fall at 
2 h followed by little change at 24 h. This 
pattern of maximum activity early after injec
tion was found in most non-lymphoid tissues 
(2). It suggested that many of the lymphocy-
tes which had entered the tissue at the time of 
the high concentration in the blood had alrea
dy left it a few hours later. The is concordant 
with the rapid blood -+ tissue -+ afferent lymph 
transit time recorded in the sheep ( 16). The 
sites of application of contact sensitizers in 
non-sensitized recipients gave almost the same 
values as normal skin. Croton oil-induced inflam
mation produced higher values with a similar 
temporal pattern, whereas the DNCB challenge 
site produced the highest values at all time in
tervals. In this case there was a smaller relative 
fall between 0.5 h and 2 h and the maximum 
value was reached at 24 hours. The progressive 
increase in the augmented localization due to 
challenge suggested that as well as the influx 
from the blood being increased migratory 
lymphocytes were retained in the lesions for 
longer than in normal skin.The increased loca
lization of 51 Cr labelled lymphocytes in sites 
of contact sensitivity has been found in previous 
investigations (17, 18). 

In other experiments the localization of 51 Cr 
labelled TDL was measured at 48 and 72 
hours as well as at 24 hours after injection. 
The values in normal skin and the specific 
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recall DNCB lesions remained almost the same 
over that period with approximately 1 0 times 
higher values in the lesions. This is attributable 
to equilibration with the recirculating pool 
having been almost reached by 24 hours. Label
led cells presumably continued to migrate 
through the DNCB lesions increased numbers 
over 72 hours. The localization in the croton 
oil lesion had progressively decreased by 48 h 
and 72 h no doubt because the inflammation 
was subsiding. (Detailed results not given). 

Since activated or large lymphocytes incorpora
te somewhat more 51 Cr than do small lympho
cytes ( 19, 20) all of the difference between 
the inflamed sites might be attributable to this 
minority. After i.v. injection of 125 1UdR 
lymphocytes the proportion localizing in nor
mal skin was about ten times greater than with 
5•Cr labelled TDL; this localization fell progres
sively at 2h and 24 h. Croton oil induced the high
est values for the localization of 12SIUdR lympho
cytes and the contact sensitizing agents produ
ced intermediate values. The agent to which 
the recipients had been sensitized produced 
greater localization than the other agents at 
0.5 h and 24 h but the difference was not as 
marked as with 51 Cr TDL. 

In an experiment on passaged 51 Cr-labelled 
TDL the localization was maximal at 0.5 h and 
there was a much greater decline by 2 h than 
was the case with whole TDL (Fig. 2). There 
were only small differences in the values found 
at different sites although at 2 h and at 24 h 
the localization in the site of DNCB challenge 
was 40-50% greater than in normal skin or 
sites painted with the other sensitizing agents. 
However croton oil induced an equal small 
increase in localization at 24 hours. 

The data presented so far do not fit with the 
assumption that with respect to their migra
tory properties 51 Cr-TDL are equivalent to 
the sum of the 125 IUdR subset plus the passag
ed 51 Cr TDL. For example there is higher lo
calization of whole TDL in the site of DNCB 
challenge than in the croton oil lesion but this 
was not found with either subset. A further 
experiment of similar design {but limiting ob
servation of localization to 24 hours after in
jection) was performed by transferring TDL 
from a donor which had been labelled in vivo 
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Tab. 2 Localization of 3 H-labelled Lymphocytes in Skin Lesions* 

Expt No. % of injected activity Factor of increase over 
/gm normal skin normal skin 

TNCB OXAZ DNCB 1 CROTON 

B.1 A .041 0.8 1.0 9.2 1.0 

B .031 0.8 9.4 1.4 

*Donor ofTDL labelled by daily injection of~H-thymidine with a 3 week .. cool off' period 
before cannulation. AO recipients were challenged 12 d-ays after sensitization with DNCB 
and localization was measured 24 hours after challenge and labelled cell transfer. 

1 Second application of DNCB. 

Tab. 3 Localization of S-Phase Cells compared to all 
Thoracic duct Lymphocytes* 
R . f (mean % of injected 1251 activity/gm) 

atto 
0 

(mean% of injected 51 Cr activity/gm) 

Tissue 

Skin normal 
DNCB 1 

Croton 
TNCB 
OXAZ 

Interval after Labelled cell 
transfer 

0.5 HR 2 HR 24 HR 

6.5 
9.4 

14.5 
14.1 
16.1 

9.1 
11.8 
19.3 
24.8 
27.7 

5.3 
4.3 

16.4 
8.0 
9.2 

*TDL labelled in vitro with 125IUdR and 51 Cr-sodium 
chromate respectively. 

1 Second application of DNCB. 

with 3 H-thymidine by a regime intended to 
confme the label to long-lived lymphocytes 
{15). In this case the selectivity of the excessi
ve localization in a site of DNCB challenge 
was the most impressive of all the populations 
studied being 9 times higher than in the other 
sites including the croton oil lesion. Previous 
experience with this labelling regime has 
shown that about 20% of small lymphocytes 
are heavily labelled on autoradiographs while 
no large lymphocytes are perceptibly labelled. 

One important technical reservation should be 
noted with respect to this last result. A contri
bution by the radioactivity found in the sites 
of DNCB challenge by reutilization of 3 H-thy
midine from the minority oflymphocytes which 
may have died after transfer was not excluded. 
Proliferating mononuclear cells in the challenge 
site may have taken up some label in this way 
but it seems most unlikely that this could 
explain the 9 fold difference because the i.v. 

injection of 3 H-thymidine into 6 sensitized 
rats challenged either 24 or 48 hours previously 
with DNCB produced an increase in incorpora
tion into the challenge sites compared to nor
mal skin by a factor of only 1.38 ± 0.28 
(Marilyn E. Smith and W.L. Ford, unpublished). 

Discussion 

This preliminary study of certain lymphocyte 
populations migrating into normal skin, a cell
mediated immune lesion (contact sensitivity 
to DNCB) and an acute inflammatory lesion 
(croton oil) revealed striking and unexpected 
differences between the localization of these 
lymphocyte subsets. Previous work has indica
ted that large cells recently activated by anti
gen localize more effectively in inflammatory 
lesions than do small lymphocytes (21, 22). 
This observation has been confirmed here in 
that as a fraction of the injected dose 4-12 
times as much 125 IUdR as 51 Cr was found in 
the DNCB recall lesions, the exact value de
pending on the time of examination (Table 3). 
Since 125 IUdR is associated exclusively with 
the minority of proliferating TDL and 51 Cr is 
associated with both the non-proliferating 
majority of small lymphocytes and the proli
ferating minority the relative efficiency of large 
cell localization must be substantially greater 
than the ratios suggest. 

However the superiority of activated lympho
cyte localization was not confined to cell
mediated lesions; it was almost the same with 
respect to normal skin (Table 3). This is similar 
to the observation of Braendstrup and Werde
lin (personal communication) that a higher 
proportion of activated lymphocytes compared 
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to small lymphocytes localize in the peri tone
al cavity of rats whether the peritoneum is 
inflammed or not. In fact the superiority of 
~ctivated lymphocytes is significantly greater 
m the case of croton oil induced inflammation 
which apparently has no immune component. 
The same enhanced superiority is seen in the 
sites of primary application of TNCB and 
oxazolone probably because they induced a 
mild non-immune inflammatory response not 
obvious to inspection (Table 3). 

Despite the fact that more 125 IUdR labelled 
cells localized in the croton oil lesion than in 
the site of contact sensitivity there was a sub
stantially higher localization of whole 51 Cr
TDL in the latter. The excess of selectively 
localizing cells in the whole population was 
pressumably attributable to smalllymphocy-
t . 125 1UdR. · es, I.e. non mcorporatmg, but what 
was their nature? When BandT lymphocytes 
were first distinguished the notion became 
popular that thoracic duct small lymphocytes 
were all both long-lived and recirculating (23). 
The present results on long-lived TDL (defined 
by a 3 H-thymidine labelling regime) and recir
culating TDL (defined by blood to lymph pas
sage in intermediate recipients) emphasizes 
that these populations are not identical. Recir
culating small lymphocytes localized poorly in 
the skin in all the situations tested with only a 
slight excess in the inflammatory lesions pos
sibly because of "contamination" with the 
small proportion of large lymphocytes which 
make the passage from blood to lymph (24). 

By contrast long-lived lymphocytes discrimina
ted between the contact sensitivity and croton 
oil lesions with remarkable accuracy. Taken at 
face value these results signify that the increa
sed localization of lymphocytes in cell-media
ted immune lesions compared to other inflamma
tory sites is at least partly attributable to a long
lived small lymphocytes in the thoracic duct po
pulation which does not recirculate from blood 
to lymph through lymph-nodes within a 16 
hour period. It must be admitted that for prac
tical reasons this conclusion is based on limited 
data since to obtain sufficient labelled lympho
cytes for skin localization studies either by in 
vivo labelling of the donor or passage through 
an intermediate recipient is exceptionally la
borious. 
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One difficulty with this unorthodox conclu
sion is the lack of corroborative evidence for 
such a strange population. However a comple
tely different approach has recently incrimina
ted a population of lymphocytes with remark
ably similar properties as being responsible for 
the accelerated second-set rejection of heart 
allografts in rats (25, 26, 27). In the case 
of heart allografts across an MHC barrier 

-irradiation of the recipient before grafting al
lows very long graft survival and lymphoid 
populations from immunized donors are many 
times more potent in restoring rejection times 
to a minimum value than are non-immune 
lymphocytes. By exploiting this system as an 
assay for memory T cells Roser and his collea
gues found that these cells were present in the 
thoracic duct lymph and in the spleen of im
munized rats but were completely lost on pas
sage from blood to lymph through either ir
radiated or normal intermediates (27). More
over the functional activity of the population 
was not diminished by treatment of the donors 
with vinblastine for 48 h to destroy the divid
ing cells (26). The memory cells were there
fore long-lived, although by a different opera
tional test from that described here. While it 
should be remembered that Roser was using a 
functional test on an immune population and 
we have measured selective localization of a 
non-immune population there is a remarkable 
correspondence of the properties of what ap
pears to be the key cells in each system. 

Gentle treatment of lymphocytes in vitro 
with trypsin is known to impair their capacity 
t~ localize in lymph-nodes without affecting 
the splenic localization suggesting that dif
ferent mechanisms of selective localization are 
responsible (28, 29). The effect of brief ex
posure of lymphocytes to trypsin on their 
capacity to migrate into normal skin; croton 
oil lesions, cell-mediated immune (CMI) le
sions and other non-lymphoid tissues was 
studied as part of the same project as included 
the present experiments (30). The enzyme 
treatment prevented the localization of lym
phocytes in two forms of CMI - DNCB sensi
tivity and a Fruend's adjuvant granuloma- but 
did not impair the localization of lymphocy
tes in croton oil lesions, normal skin or in 
other non-lymphoid tissues. This suggested 
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Tab. 4 Summary of studies of lymphocyte migration into skin* 

51 Cr-TDL 125IUdR-TDL Passaged 
(Whole (Activated- 51 Cr-TDL 

3 H-Thymidine 
TDL 

("long lived") 

Trypsinization 
ofTDL 

Skin Site population) cells) (Accredited 
recircula tors) 

Normal skin + ++ + + No effect 

Croton oil 
inflamed ++ ++++ ++ + No effect 

DNCB contact 
Sensitivity +++ +++ ++ +++ Inhibition 

of excess 

*The number of +s allow vertical or horizontal comparisons of relative localization. They indicate higher or 
lower localization but are no more quantitative than this. 

that different mechanisms are involved for 
migration into the spleen and non-lymphoid 
tissues (trypsin resistant) and for migration 
into lymph nodes and sites of CMI (trypsin 
sensitive). We favoured the notion that tryp
sinization discriminates between different 
mechanisms of selective migration which may 
be used by the same cell. WhUe this is almost 
certainly true for the differential effect on 
the migration into the spleen and lymph-nodes 
(because the same population of lymphocytes 
is believed to recirculate indiscriminately 
through the spleen and through lymph-nodes 
(31)) in the case of normal skin and CMI 
lesions the possibility remains open that the 
subset localizing preferentially in CMI lesions 
is impaired by trypsinization while a different 
subset localizing in normal skin is unaffected. 

In conclusion these studies of cell localization 
in normal and inflammed skin have revealed 
several differences between cell-mediated im
munity and non-immune inflammation (Table 
4 ). ·No doubt this and similar studies are no 
more than a beginning to the mass of painstak
ing work required to unravel the complexities 
of lymphocytes subsets which a) migrate to 
the lymph-nodes and spleen b) migrate physio
logically into non-lymphoid tissue c) migrate 
into sites of non-immune inflammation and 
d) migrate preferentially into CMI lesions. Pos
sibly selective lymphocyte migration will be 
used as a tool to clarify the nature of certain 
pathological processes,e.g. are the lesions of 
adjuvant arthritis examples of CMI or not? 
Of course it must be kept in mind that the 

lymphocytes are often in a small minority in 
such lesions and their role in promoting the 
migration and accumulation of monocytes, 
granulocytes and fibroblasts is another 
question. Future work will be concerned not 
only with the life history of lymphocyte sub
sets as defmed by their migratory properties 
but also with their role in modifying locally 
the function of vascular· endothelium because 
it is in the interaction of endothelium and 
lymphocyte subsets that the mechanism of 
selective migration from the blood must be 
sought (32). 

Acknowledgements 

The work was largely supported by MRC pro
gramme grant G972/455B and G.B. Rannie 
held an MRC Junior Research Fellowship. We 
wish to thank Ms. T. Asian and S. Gradwell 
for their excellent technical assistance and Drs. 
Marilyn E. Smith and E. B. Bell for their prac
tical help and advice. 

References 

1 Rannie, G.H., W.L. Ford: Physiology of lympho
cyte recirculation in animal models, in Proceedings 
of the Ninth Course on Transplantation and Clini
cal Immunology, Lyon 1977. ed. J.L. Touraine. 
Excerpta Medica, Amsterdam 

2 Rannie, G.H., K.J. Donald: The migration of 
thoracic duct lymphocytes to non-lymphoid tis
sues. A comparison of the distribution of radio
activity at inter:vats foll~win~i.v. ~~sfus\~ of 
cells labelled wtth 3H, 1 C, Se, Tc, I and 
51 Cr in the rat. Cell. Tiss. Kinet. 10 (1977) 523 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.



3 Frost, H., R.N.P. Cahill, Z. Trnka: The migration 
of recirculating autologous and allogeneic lympho
cytes through single lymph-nodes. Eur. J. Im
munol. 5 (1975) 839 

4 Hall, J. G., B. Morris: The origin of the cells in 
the efferent lymph from a single lymph node. J. 
Exp. Med. 121 (1965) 901 

5 Gutman, G.A., I.L. Weissman: Homing properties 
of thymus-independent follicular lymphocytes. 
Transplantation 16 (1973) 621-629 

6 Nieuwenhuis, P., W.L. Ford: Comparative migra
tion of B and T cells in the rat spleen and lymph
nodes. Cell. Immunol. 23 (1976) 254 

7 Scollay, R., J.G. Hall, E. Orlans: Studies of the 
lymphocytes of sheep. II. Some properties of 
cells in various compartments of the recirculating 
lymphocyte pool. Eur. J. lmmunol. 6 (1976) 121 

8 Engeset, A., S.S. Fro/and, K. Bremer: Studies of 
human peripheral lymph. II. Low lymphocyte 
count and few B-lymphocytes in peripheral lymph 
of patients with chronic lymphocytic leukemia. 
Scand. J. Haemat. 13 (1974) 93 

9 Godal, T., J. V. Johannessen, A. Engeset: Lympho
logy, in press. 

10 Cahill, R.N.P., D. C. Poskitt, H. Frost, Z. Trnka: 
Two distinct pools of recirculating T lymphocytes; 
migratory characteristics of modal and intestinal 
T lymphocytes. J. exp. Med. 145 (1977) 420 

11 Smith, J.B., G.H. Mcintosh, B. Morris: The traffic 
of cells through tissues: a study of peripheral lymph 
in sheep. J. Anat. 107 (1970) 87 

12 Werdelin, 0.: The origin, nature and specificity 
of mononuclear cells in experimental autoimmune 
inflammations. Acta Path. Microbial. Scand. A. 
Suppl. 232 (1972) 194 

13 Ford, W.L.: The preparation and labelling oflym
phocytes, in Handbook of Experimental Immuno
logy, ed. D.M. Weir. 3rd edition, Blackwell, Ox
ford. 

14 Boyum, A.: Separation ofleucocytes from blood 
and bone marrow. The Scandanavian Journal of 
Clinical and Laboratory Investigation 21 (1968) 
Suppl. 97, 77 

15 Everett, N.B., R. W. Caffrey, W.O. Rieke: Recircu
lation of lymphocytes. Annals of the N.Y. Academy 
of Sciences 113 (1964) 887 

16 Hall, J.G., R. Scollay, M.E. Smith: Studies on the 
lymphocytes of sbeep. 1. Recirculation of lympho
cytes through peripheral lymph-nodes and tissues. 
Eur. J. Immunol. 6 (1976) 117 

17 Asherson, G.L., G. G. Allwood: lntlammatory 
lymphoid cells. Cells in immunized lymph nodes 
that move to sites of inflammation. Immunology 
22 (1972) 493 

18 Sabbadini, E., A. Neri, A.H. Sehon: Localization 

Recirculation of Lymphocytes 201 

of non-immune radioactively labelled cells in the 
lesions of contact sensitivity in mice. J. Immunol. 
Methods 5 (1974) 9 

19 Eyre, H.J., P.J. Rosen, S. Perry: Relative labelling 
of leukoc~es, erythrocytes and platelets in human 
blood by Chromium. Blood 36 (1970) 250 

20 Howard, J.C., S. V. Hunt, J.L. Gowans: Identifica
tion of marrow derived and thymus-derived small 
lymphocytes in the lymphoid tissue and thoracic 
duct lymph of normal rats. J. exp. Med. 135 

-(1972) 200 
21 Asherson, G.L., G. G. Allwood, B. Mayhew: Con

tact sensitivity in the mouse. XI. Movement of 
T blasts in the draining lympl\ nodes to sites of 
inflammation. Immunology 25 (1973) 485 

22 Koster, F. T., D.D. McGregor: The mediator of 
cellular immunity. III. Lymphocyte traffic from 
the blood into the inflamed peritoneal cavity. J: 
exp. Med. 133 (1971) 864 

23 Davies, A.J.S.: The thymus and the cellular basis 
of immunity. Transplantation Reviews 1 (1969) 44 

24 Howard J.C.: The life-span and recirculation of 
marrow-derived small lymphocytes from the rat 
thoracic duct. J. exp. Med. 135 (1972) 185 

25 Hall, B.M., S.E. Dorsch, B.J. Roser: The cellular 
basis of allograft rejection in vivo. I. Cellular 
requirements for first set rejection of heart grafts. 
J. exp. Med. 148 (1978) 878 

26 Hall, B.M., S.E. Dorsch, B.J. Roser: The cellular 
basis of allograft rejection in vivo. 2. The nature 
of memory cells mediating second set heart graft 
rejection. J. exp. Med. 148 (1978) 890 

27 Hall, B.M., S.E. Dorsch, B.J. Roser: Memory cells 
responsible for accelerated graft rejection do not 
recirculate in normal animals. Transplantation 
(1978) in press. 

28 Woodruff, J., B.M. Gesner: Lymphocytes: Circu
lation altered by trypsin. Science 161 (1968) 176 

29 Ford, W.L., M. Sedgley, S.M. Sparshott, M.E. 
Smith: The migration of lymphocytes across 
specialized vascular endothelium. H. The contras
ting consequences of treating lymphocytes with 
trypsin or neuraminidase. Cell Tissue Kinet. 9 
(1976) 351 

30 Rannie, G.H., M.E. Smith, W.L. Ford: Lymphocy
te migration into cell mediated lesions is inhibited 
by exposure to trypsin. Nature 267 (1977) 520 

3'1 Ford, W.L.: The immunological and migratory 
properties of the lymphocytes recirculating through 
the rat spleen. Br. J. exp. Path. 50 (1969) 257 

32 Ford, W.L., M.E. Smith, P. Andrews: Possible 
clues to the mechanism underlying the selective 
migration of lymphocytes from the blood. in Cell
cell Recognition. ed. A.S.G. Curtis. Cambridge 
University Press, (1978) in press. 

Prof. W.L. Ford, Department of Pathology, Manchester University, Oxford Road. 
Manchester U.S.A. 

Permission granted for single print for individual use. 
Reproduction not permitted without permission of Journal LYMPHOLOGY.




