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Summary

Total body distribution of **TUDR labeled thoracic
duct, mesenteric and peripheral lymph node blasts
was investigated, after i.v. injection into normal
syngeneic rats. Donors of immunoblasts were stimula-
ted with SRBC 1 week before transfer of cells. Lym-
phoblasts, irrespective of the source of origin, ac-
cumulated preferentially in small intestine, lungs,
skin and muscles. There was an evident difference in
the whole body distribution pattern of injected
thoracic duct and lymph node blasts, what points to
the different behaviour of normally circulating im-
munoblasts. Only minor differences in distribution
kinetics and sites of accumulation were found between
mesenteric and peripheral blast cells. We put forward
a hypothesis that immunoblasts behave like effector
cells and their preferential localization in small gut,
lungs, and skin may be mediated by antigens ,,phy-
siologically’’ present on the surface of tissues with
direct contact with the external environment.

The mechanism by which lymphacytes extra-
vasate to tissue compartments are poorly un-
derstood, yet are fundamental to understand-
ing of problems of allograft rejection, inflam-
matory bowel disease or local defense against
tumors. Migrating lymphocytes certainly play
a role in the local immune recognition and
defense in the peripheral tissues. The major
part of recirculating lymphocytes finds its

way from the vascular compartment to the
lymphatics crossing the vascular endothelium
in lymph nodes (1) and other lymphoid organs.
However, some lymphocytes extravasate from
the capillary beds of non-lymphoid tissues. These
lymphocytes enter the peripheral tissue fluid
and then the afferent lymphatics: They may
play an important role in the recognition

phase of the local immune surveillance in peri-
pheral tissues and act as effector cells at sites
of antigen deposition.
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There is a consistent difference between dif-
ferent lymphoid and non-lymphoid tissues in
the accumulation of lymphocytes leaving blood
vessel. Distinct subpopulations of lymphocytes
exist recirculating through the lymphoid and
the non-lymphoid tissues with probably some
overlap. Around 90% of the *! Cr-lymphocyte
traffic goes through the lymphoid organs,
whereas 10% of the recirculating lymphocytes
which reach a lymph node do so through the
non-lymphoid tissues (2). Immunoblasts or
large lymphocytes behave differently. Only
about 60% of ' TUDR labeled cells accumula-
te in the lymphoid tissue, the rest migrating to
the extra-lymphoid sites (3).

Immunoblasts possess the ability to accumulate
in normal animals, specifically in the gut (1, 3,
4,5,6,7), and in smaller numbers in lungs,
bone marrow and lymph nodes. They also
localize in the inflamed skin, foci on injected
antigen, and peritoneal cavity (3, 9, 10).
Mesenteric and peripheral lymphoblasts migra-
te differently in vivo both with respect to

their ability to migrate to the lamina propria of
the inflamed gut (4) and to the inflamed skin
(6). It can then be assumed that lymphoblasts
behave like effector cells.

Most of the studies.on migration kinetics of
immunoblasts and the specificity of their ter-
ritorial extravasation, especially with respect
to the non-lymphoid tissues, have been perfor-
med on animals stimulated locally or systema-
tically with certain antigens. However, no

data are available on simultaneous total body
distribution of i.v. injected blast cells in normal
non-stimulated animals.
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The purpose of the present study was to in-
vestigate the total body localization of immu-
noblasts after i.v. administration, the time
course of distribution, and difference in ter-
ritorial accumulation of mesenteric, peripheral
and thoracic duct blast cells.

Materials and Methods B

Animals. Highly inbred Wistar male rats aged
2-3 months were used as donors and recipients
of lymphocytes.

Cell suspensions. Donor rats were immunized
1 week prior to harvesting blast cells with
SRBC with Freund adjuvant (at a volume of
cells to adjuvant 1:1). All four footpads were
injected with 0.01 ml of suspension to obtain
stimulated periperhal lymphocytes, and the
wall of intestine for mesenteric blasts. For
obtaining thoracic duct blasts both footpads
and intestinal wall were injected. Thoracic
duct cells (TDL) were collected from the
thoracic duct fistula. Mesenteric and peripheral
lymph node cells (MLNL, PLNL) were disper-
sed by teasing with forceps and injection
needle gauge 18 in 4 °C autologous thoracic
duct lymph, to avoid adverse effects of artifi-

cial media on surface receptors and cell viability.

Suspensions were filtered through nylon mesh.
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The number of viable cells was assessed by
their ability to exclude Trypan Blue.

In vitro labeling of lymphocytes. In order to
label lymphocytes synthesizing DNA, cell
suspensions were incubated with [12°1]-5-iodo-
2-deoxyuridine (> IUDR, activity ~ 5mCi/mg)
obtained from the Radiochemical Center,
Amersham. They were incubated in syngeneic
lymph with heparin (without preservative)

(5 units/ml of lymph) containing 5 uCi/10®
cells/ml for 60 min at 37 °C. After labeling,
cells were washed three times with heparinized
lymph and viability tested. Autoradiography
of cell preparations revealed that 4—5% of

cells in TD lymph, about 15% in MLN and 10%
in PLN incorporated '*TUDR.

To label the whole population of harvested
lymphocytes cells were incubated with sodium
chromate, 3! Cr (Radiochemical Centre, Amer-
sham or Institute for Nuclear Research, War-
saw) at a concentration of 50 uCi/10® cell/ml
of syngeneic lymph.

Cell suspensions were adjusted to a concentra-
tion of 5 x 107 cells/ml and a total of 1—-1.5 x
10® cell injected into the dorsal vein of penis.

Each pool of cells was divided into two aliquots,
one was labeled with sodium chromate 5! Cr,
the other with '*TUDR.

Tab. 1 Time course of radioactivity in tissues after L.V. injection of 1 x 10% '*1UDR-labelled thoracic duct
lymphoblasts. Values are means of percent of total injected dose (n = §).

Tissue or organ Time of sacrifice (hr)

1 3 5 8 24
Blood cells 1.55 1.2 0.51 0.49 0.23
Serum 1.23 091 0.51 0.54 0.24
Lungs 12.5 5.94 2.99 1.9 0.27
Kidneys 0.82 0.48 0.5 0.46 0.19
Stomach 3.53 1.11 0.44 0.33 0.48
Small bowel 7.00 4.19 2.94 2.27 1.16
Large bowel 0.78 0.71 0.34 0.3 0.3
Payer’s patches 0.14 0.1 0.14 0.11 0.08
Spleen 3.47 2.69 2.27 1.43 0.39
Liver 7.89 5.25 4.46 3.68 1.36
MLN 0.23 0.15 0.16 0.19 0.16
Thymus 0.032 0.014 0.021 0.026 0.059
PLN 0.085 0.11 0.2 0.28 0.32
Skin 6.92 5.9 5.02 4,52 247
Muscles 4.81 3.88 3.2 2.66 1.85
Bone (Marrow) 7.51 4.99 4.26 3.56 1.69
Total recovery 58.5 37.6 28.0 22.8 11.2
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Fig. 1a,b.c.d Recovery of radioactivity in tissues
24 hr after i.v. injection of 10® 3!Cr- and ®IUDR-
labeled syngeneic thoracic duct (TDC), mesenteric
lymph node (MNC) and peripheral lymph node
(PNC) cells in normal rats. Values are means of per-
centage of the total recovered dose from 5 animals
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In vivo distribution of labeled cells. The ex-
periments were performed in 3 groups divided
into 2 subgroups depending on cell labeling
with ¥ Cr or '*IUDR. All animals were kept
in Bolmann or metabolic cages to avoid con-
taminatjon with urine. They received iodine
enriched diet. In group 1 rats were injected
with TDL, in group 2 with MLNL, in group

3 with PLNL. At 1,3,5, 8, 12 and 24 hours
after cell transfer animals were killed and all
lymphoid and non-lymphoid tissues removed
as follows: serum, blood cells, lungs, kidneys,
stomach, small bowel, large bowel, Payer’s
patches, spleen, liver, MLN, thymus, PLN,
whole shaved skin, whole muscle mass, whole
carcass, brain. The radioactivity of each tissue
or organ was measured in a gamma counter.

Control groups. In order to measure the rate
of reutilization of '2TUDR or '*°] released
from the in vivo dying cells control studies were
?erformed with rats injected with a) heat-killed
25TUDR-blast cells, b) supernatant from heat-
killed **TUDR-blast cells, c) '*IUDR, d) '?I
(sodium iodide). The animals were sacrificed
after 24 hr and radioactivity in all organs
measured.

Statistical analysis. Results were presented for
each tissue or organ as percentage of total in-
jected dose £ S.E. In the tables standard errors
have been omitted for clarity of presentation.
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Results until 12 hr when a plateau was reached. At

Localization of TDL. Results of localization of 24 hr radioactivity of the whole skin was higher

125TUDR cells have been presented in Table 1. than of small intestine, with lungs retaining
Total recovery of radioactivity was 58.5% after less than 0.5%.

I hr, to decrease to 11.2% after 24 hr. Most of =~ When the percentages of recovered doses of
the radioactivity was recovered in small bowel,  '*IUDR TDL and * Cr TDL were compared

liver, skin, muscles and bones. At 1 hr highest (Fig. 1A—D) an evident difference of distribu-
radioactivity was found in the lungs, then skin tion of both populations could be observed. The
and small bowel. [t was decreasing steadily DNA-synthesizing cells had a predilection for
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wandering to bowel, lungs, bones, skin and
muscles in distinction to *! Cr TDL migrating
to liver, spleen nodes, intestine.

Localization of MLNL. Results of the *IUDR
MLNL tissue accumulation can be found in
Table 2. As compared with the distribution of
12STUDR-TDL the total recovery rate of MLN
blasts after 24 hr was higher. Also, there was

a small but evident increase in radioactivity
recovered in the course of time in the small
bowel, MLN, PLN, and skin, with a rather
steady level in spleen and bone marrow. When
the 5! Cr and '**IUDR populations were com-
pared (Fig. 1A—D) the '*ITUDR MLNL follow-
ed the same pattern as the > [UDR TDL.

However, there were more MLN blasts in the
intestine and lungs (Fig. 2, 3), but less in skin
(Fig. 4) and bone marrow than of TDL blasts.

Localization of PLNL. The total recovery of
125JUDR PLNL was the same as of MLNL, but
higher than of TDL (Table 3). There were
minor differences in recovery of radioactivity
between the PLN and MLN blasts. The small
bowel (Fig. 2), skin (Fig. 4), and muscles radio-
activity remained stable throughout the 24 hr
period, whereas of the spleen, MLN, PLN and
bone marrow slightly increased. PLN blasts
behaved similarly as MLN blasts when com-
pared with the PLNL and MLNL *! Cr popula-
tion (Fig. 1A-D).

Tab. 2 Time course of radioactivity in tissues after L.V. injection of 1 x 10® 'SIUDR-labelled mesenteric
lymph node (MLN) lymphoblasts. Values are mean of percent of total injected dose (n = 5).

Ti Time of sacrifice (hr)
issue or organ

1 3 5 8 24
Blood cells 1.9 1.5 1.0 0.7 0.43
Serum 1.0 0.73 0.97 0.6 0.4
Lungs 13.17 10.74 6.0 6.67 2.34
Kidneys 0.86 0.81 0.38 0.38 0.37
Stomach 3.2 1.2 0.9 0.3 0.22
Small bowel 4.6 5.75 3.6 5.04 6.06
Large bowel 0.78 0.6 0.32 0.28 0.25
Payer’s patches 0.18 0.12 0.16 0.11 0.09
Spleen 2.6 4.87 2.34 2.96 3.72
Liver 10.06 9.32 4.4 5.75 4.17
MLN 0.19 0.44 0.56 0.75 0.98
Thymus 0.04 0.021 0.025 0.035 0.06
PLN 0.036 0.1 0.21 0.09 0.52
Skin 4,04 4.57 4.31 3.62 5.52
Muscles 3.77 3.6 3.66 1.86 1.22
Bone (Marrow) 39 2.44 4.3 2.86 3.28
Total recovery 45.6 44.6 31.1 30.7 28.1
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Fig. 2 Time course of accumulation
of radioactivity in rat small intestine
after i.v. injection of 10% '®1UDR
TDL (-0~), MLN (-®-), and PLN
(—A-) lymphocytes. Values are
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Fig. 3 Time course of accumulation
of radioactivity in rat lungs after i.v.
injection of 108 '*IUDR TDL
(—o0-), MLN (-—®-), and PLN
(—A-) lymphocytes. Values are
means of 3 experiments after each
time period £S.E.

Fig. 4 Time course of accumulation
of radioactivity in rat skin after i.v.
injection of 10% '*IUDR TDL
(—o0-), MLN (—®-), and PLN
(-{-) lymphocytes. Values are
means of 3 experiments after each
time period + S.E.
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Tab. 3 Time course of radioactivity in tissues after [.V. injection of 1 x 10® ]UDR-labelled peripheral
lymph nodes (PLN) lymphoblasts. Values are means of percent of total injected dose (n = 5).

i Time of sacrifice (hr)

Tissue or organ

1 3 5 8 24
Blood cells 2.26 2.1 2.2 2.0 0.47
Serum 2.0 1.48 1.41 1.35 0.4
Lungs 25.36 17.64 9.54 7.55 2.54
Kidneys 0.83 0.79 0.8 0.63 0.43
Stomach 3.2 1.09 0.56 0.5 0.32
Smail bowel 34 3.96 4.74 4.39 3.06
Large bowel 0.6 0.72 0.48 04 0.36
Payer’s patches 0.14 0.08 0.1 0.16 0.16
Spleen 1.6 1.85 1.85 2.83 2.33
Liver 9.87 8.9 5.06 4.81 4.2
MLN 0.13 0.15 0.27 0.32 0.81
Thymus 0.03 0.01 0.01 0.008 0.1
PLN 0.071 0.085 0.09 0.28 0.33
Skin 4.84 4.98 5.14 5.33 4.56
Muscles 4.04 3.48 5.06 4.98 3.89
Bone (Marrow) 344 3.48 5.3 5.04 4.5
Total recovery 57.8 48.0 41.36 39.0 27.2
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Tab. 4 Recovery of radioactivity 24 hr aftgr LV. injection of a) heat-klled '*IUDR-labelled mesenteric lymph

node blasts, b) supernatant of heat killed
3 experiments in each group.

IUDR-labelled blasts, c¢)

TUDR. Values are means of percent of

. Injected material
Tissue or organ
Heat-killed blasts Supernatant 251UpR

Blood cells 0.07 0.12 0.07
Serum 0.095 0.058 0.067
Lungs 0.13 N 0.18 0.039
Kidneys 0.066 - 0.08 0.042
Stomach 0.085 0.1 0.19
Small bowel 0.3 0.21 0.58
Large bowel 0.017 0.025 0.056
Payer’s patches 0 0 0.007
Spleen 0.06 0.016 0.023
Liver 0.78 0.32 0.098
MLN 0.022 0.002 0.013
Thymus 0 0 0.006
PLN 0.006 0.008 0.017
Skin 0.89 0.91 1.17
Muscles 0.11 0.11 0.35
Bone (Marrow) 0.31 0.2 0.36
Total recovery 3.02 2.19 3.24

Control groups. Total recovery of radioactivity
after i.v. injection of heat-killed blast cells,
supernatant from these cells, "> IUDR (Table
4), or '*%sodium iodide was at a level of 3%.
There was more accumulation of radioactivity
in the skin and bowel, muscles and bones than
in other tissues, but the amount found in these
tissues could not affect the interpretation of
results after injection of living cells.

Discussion

The main findings of the present study were:
a) a high rate of recovered radioactivity after
i.v. injection of ' IUDR blasts preferentially
in the small bowel, lungs, whole skin and mus-
cles, b) differences in the whole body distri-
bution pattern of injected blast derived from
the thoracic duct as compared with the mesen-
teric and peripheral blasts, c¢) minor differen-
ces in distribution kinetics of mesenteric and
peripheral immunoblasts.

The propensity of the normal skin to accumula-
te immunoblasts has been found by usin a
previous work (11). The present study corrobo-
rates only the previously obtained results. Most
of the studies of other authors on direction of
in vivo migration of blast cells has been perfor-

med on models with inflamed skin (e.g. 6, 8, 10)
and no data concerning the whole skin homing
of immunoblasts under normal conditions have
been found. The mechanism of accumulation

of radioactivity in muscles after transfer of
125JUDR-cells is unclear. One explanation may
be unspecific margination of blasts in the micro-
vasculature of muscles, but this requires further
studies.

The TDL blasts had, in our study, evidently
different kinetics of distribution than the MLN
or PLN blasts. After transfer of '*IUDR TDL,
radioactivity in all tissues with the exception
of Payer’s patches MLN and PLN, decreased

- throughout 24 hr. On the contrary, after in-

jection of MLN blasts there was an increase
in radioactivity in the small bowel, spleen and
skin. The level in bone marrow and partly in
muscles remained almost unchanged.

Practically no differences were found in the
kinetics of distribution between >*IUDR
MLN and !**JUDR PLNL. These findings in-
dicate that circulating immunoblasts behave
differently than all those harvested from
lymph nodes. Lack of directional differences
in migration of MLN and PLN blasts is in con-
tradiction with finding of others (4, 6, 12).
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It has been reported that the ability of T-lym-
phoblasts to extravasate into inflamed intes-
tine or skin is determined by their tissue of
origin (6). T-blasts from oxazolone stimulated
PLN failed to migrate to the gut of normal
recipients but moved to the inflamed skin. In
contrast, T-blasts separated from MLN stimu-
lated with Trichinella spiralis accumulated in
the gut but not in skin. However, the latter
experiments were performed on animals with
skin inflammation, and the type of antigen
initiating the immune reaction in the given
tissue might play a role. According to others
(13) immunoblasts generated in somatic nodes
do not enter the small gut but tend to localise
in the spleen. This was not confirmed by our
studies.

High proportion of lymphoblasts which has
been found in the lungs after i.v. injection
seems not to be artefactual but a physiological
property of the lung microvasculature. Early
pulmonary localization of cells after intraarterial
injection, which had to pass through another
microvasculature, supports this view (14). We
did not investigate the localization of different
subsets of lymphoblasts, assuming that in the
injected suspensions both T and B blasts in
proportions exactly as they appear in vivo in
physiological conditions, were present. Although,
many studies have been carried out on the dif-
ferences in directional migration of T and B
blast into lymphoid organs and gut (7, 15)
little is known, exactly which subsets lympho-
cytes recirculate through the non-lymphoid
tissues. It was found that the number of B
cells in preodal lymph in man is lower than in
blood (16) and that cells which move to sites
of inflammation in skin are T blasts (17).

The mechanism responsible for homing of dif-
ferent populations of lymphocytes in various
non-inflammatory tissues is not known,
although some suggestions have been made on
the possible role of immunoglobulins (12, 13).
There is no anatomical evidence for existence
in gut, skin or lungs of postcapillary venules
akin to those existing in lymph nodes. This
may suggest some other factors than anatomi-
cal mediate the migrational specificity of
1251UDR-labeled lymphocytes. Mediation by
antigens, “physiologically” present on the sur-
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face of tissues with direct contact with the
external environment, i.e. intestine, lung and
skin, may be the explanation.

Acknowledgements

This work was supported by the grant from
the Norwegian Cancer Society and Grant. No.
10.5.08.3.2 from the Polish Academy of
Sciences.

References

1 Gowans, J.L., E.J. Knight: The route of recircula-
tion of lymphocytes in the rat. Proc. R. Soc. (B)
159 (1964) 257

2 Hall, J.G., B. Morris: The origin of cells in the ef-
ferent lymph from a single lymph node. Brit. J.
Exp. Path. 46 (1965) 450

3 Kupiec-Weglinski, J., W.L. Olszewski: Lympho-
cyte recirculation through the non-lymphoid tis-
sues of normal rats. Arch. Immunol. Ther. Exp.
1978 (in press)

4 Parrot, DM.V., A. Fergusson: Selective migration
of lymphocytes within the mouse small intestine.
Immunology 26 (1974) 571

5 Rose, M.L., D.M.V. Parrot, R.G. Bruce: Migration
of lymphoblasts to the small intestine. I. Effect
of Trichinella spirales. Immunology 31 (1976)
723

6 Rose, M.L., D.M.V., Parrot, R.G. Bruce: Migration
of lymphoblasts to the small intestine. II. Diver-
gent migration of mesenteric and peripheral im-
munoblasts. Cell. Immunol. 27 (1976) 36

7 Solomon, G.E., R.N. Taub: Enteric migration of
radiolabelled lymphocytes. Cell. Immunol. 23
(1976) 108

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

9 McGregor, D.D., P.S. Logre: The mediator of cel-
lular immunity. VII. Localization of sensitized
lymphocytes in inflammatory exudates. J. Exp.
Med. 139 (1974) 1415

10 Moore, A.R., J.G. Hall: Nonspecific entry of
thoracic duct immunoblasts into intradermal
foci of antigens. Cell. Immunol. 8 (1973) 112

11 Olszewski, W.L., J. Kupiec-Weglinski: Localiza-
tion of 3 Cr and '**IUDR labeled lymphocytes
in lymphoid and extralymphoid tissues in normal
rat. Abstr. VIth Congr. Int. Soc. Lymphology,
Prague 1977, p. 409

12 Hall, J.G., I. Hopkins, E. Orleus: Studies on the
lymphocytes of sheep. II. Destination-of lymph-
borne immunoblasts in relation to their tissue of
origin. Eur.J. Immunol. 7 (1977) 30

13 Hopkins, 1., J.G. Hall: Selective entry of immu-
noblasts into gut from intestinal lymph. Nature
259 (1976) 308 ‘

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



230 W.L. Olszewski, J. Kupiec-Weglinski

14 Rannie, G.H., K.J. Donald: The migration of
thoracic duct lymphocytes to non-lymphoid
tissues. Cell, Tiss, Kinet. 10 (1977) 5§23

15 Sprent, J.: Fate of H-2-activated T lymphocytes
in syngeneic hosts. I. Fate in lymphoid tissues
and intestines traced with 3H-thymidine,

I-deoxyuridine and " chromium. Cell. Im-
munol. 21 (1976) 278

~

16 Engeset, A., 8.S. Froland, K. Bremer: Studies of
human peripheral lymph. lI. Low lymphocyte
count and few B-lymphocytes in peripheral
lymph of patients with chronic lymphatic leuk-
emia. Scand. J. Hematol. 13 (1974) 93

17 Asherson, G.L., G.G. Allwood, B. Mayhew:
Contact sensitivity in the mouse. XI. Movement
of T blasts in the draining lymph nodes to sites
of inflammation. Immunology 25 (1973) 485

W.L. Olszewski, J. Kupiec-Weglinski, Laboratory of Hematology and Lymphology,
The Norwegian Radium Hospital, Monfebello, Oslo 3, Norway

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





