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Inguinal lymph nodes in the Buffalo rat were autotransplanted
to the popliteal fossa by an intact vascular pedicle or by mi-
crovascular anastomosis. These revascularized nodes had nor-
mal histology and made spontaneous afferent and efferent lym-
phatic reconnection with surrounding lymphatic vessels, as
documented by ink and silicone rubber injection studies. Lym-
phoscintigraphy with 99"Tc antimony sulfide colloid correctly
predicted the 44 of 120 node transplants that had made afferent
reconnection. To demonstrate immunologic activity of lymph
nodes following transplantation, a cellular adherence assay was
employed to detect cell-mediated cytotoxicity of lymph node
cells isolated from rats sensitized to an allogeneic gliosarcoma.
Cytotoxicity was detected in nontransplanted regional nodes
sensitized to tumor (p < 0.01) and in nodes transplanted by
vascular pedicle and then sensitized to tumor (p < 0.001). This
study demonstrates that lymph nodes can be transplanted with
restoration of functional lymphatic anatomy, and that following
transplantation, lymph nodes retain the ability to mount an
immune response against tumor.

R EGIONAL LYMPH NODES play a major role in the
initiation and maintenance of immnunity in some

animals, but in man their function has not been defined
conclusively. Controversy over prophylactic lymphad-
enectohny for the extirpation of malignancy centers
around the possible effect this might have on host de-
fense. The replacement of lymph nodes in a clinical
setting has not been attempted, but the capability of
lymph node transplantation now exists and would ap-
pear to be a solution to this dilemma. The potential to
amplify the immune state by a surgical approach may
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someday expand the surgeon's role in the treatment of
malignancy, but this must first rest on the demonstra-
tion of direct patient benefit. One step towards achiev-
ing this is to demonstrate immunologic activity of nodes
following transplantation in the laboratory animal.
A lymph node grafted from one site to another with-

out its direct vascular blood supply undergoes destruc-
tion by progressive fibrosis.'525 However, lymph nodes
remain viable when transposed on a vascular pedicle
or when revascularized by microsurgical anasto-
mosis.'0" 1,15,23,25

In earlier studies by Futrell et al.,'0 revascularized
lymph nodes underwent cellular depletion and repop-
ulation during the first month following transplantation.
Cellular depletion may have been related to a prolonged
ischemia time. Shesol et al.23 reported normal histology
in transplanted nodes. They also documented uptake of
'98Au colloid following autotransplantation and showed
that the greatest likelihood of isotope uptake will occur
in nodes transplanted immediately to a lymphadenec-
tomized site. Presumably this is because afferent lym-
phatics in ihe recipient site remain open for a short time
following disruption by lymphadenectomy and can
make reconnection with the severed afferent lymphatics
of the transplanted nodes. Groth et al." corrected factor
VIII deficiency in dogs by revascularized node homo-
grafts and by spleen transplantation. Sustained levels
of factor VIII were detected prior to rejection, sug-
gesting that lymphorecticuloendothelial tissue produces
this factor.
The purpose of this study has been twofold: (1) to

determine whether a lymph node transplanted from one
site to another with its vascular supply intact can still
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develop immunity against tumor, and (2) to document
the restoration of functional lymphatic anatomy by
showing afferent and efferent lymphatic reconnections
with transplanted nodes.

Materials and Methods

Rats

Two- to 4-month-old male inbred Buffalo rats (ob-
tained through the National Cancer Institute from
Charles River Breeding Laboratories) were used to de-
tect cell-mediated cytotoxicity of lymphocytes from
native and transplanted lymph nodes.

Tumor and Cell Culture

An allogeneic, non-metastasizing gliosarcoma (GS-
9L), originally induced by intravenous (IV) injection
of N-nitrosomethylurea in the F344 rat,3 was main-
tained in the laboratory by continuous monolayer cell
cultures in growth medium, consisting of medium
M199, 17% NCS, 40 mM HEPES, 80 ,/ml penicillin,
80 M/ml streptomycin and 0.20 mcg/ml amphotericin
B (Grand Island Biological Co., Grand Island, NY).

Transplantation of Lymph Nodes

Following popliteal lymphadenectomy, inguinal lymph
nodes in the rat can be transposed to the vacant popliteal
fossa by the vascular pedicle supplying the nodal tissue,
the superficial epigastric artery and vein, or trans-
planted from the contralateral side and revascularized
by microsurgical anastomosis. For the latter procedure,
it was preferred to use the superficial epigastric vessels
supplying the lymph nodes as a sidebranch from the
common femoral vessels and perform end-to-side an-
astomoses of the donor common femoral vessels to the
common femoral vessels of the recipient side (Fig. 1).
The anastomoses were performed under 40X magnifi-
cation using the Zeiss OpMi-7P/H operation micro-
scope and 11-0 nylon suture.

Inguinal nodes in 36 rats were transplanted for his-
tologic studies: 12 with lymph nodes transplanted by
vascular pedicle, 12 with lymph nodes revascularized
by microsurgical anastomosis, and 12 with lymph nodes
transplanted as nonvascularized grafts. Three of each
group were excised at weekly intervals for four weeks
and prepared for histologic examination with hematox-
ylin-eosin (H & E).

In a second study, inguinal nodes were transplanted
to the popliteal fossa by vascular pedicle in 120 rats to
determine if any specific method of dissection resulted
in greater likelihood of afferent lymphatic reconnection.

FIG. 1. Right inguinal fat pad and lymph nodes supplied by the su-
perficial epigastric artery and vein shown excised and revascularized
by end-to-side anastomoses of the common femoral vessels. Nodes are
placed in the left popliteal fossa following popliteal lymphadenectomy.

These rats were divided into six surgical groups rep-
resenting different methods of dissection in preparing
the donor nodes and in performing the lymphadenec-
tomy at the recipient site (Table 1). Following surgery,
animals in each group were imaged by 99mTc antimony
sulfide colloid (ASC) weekly for five weeks and then
dissected 24 hours following intradermal pedal injec-
tions of india ink. Normal popliteal nodes consistently
stain intensely after such injections, and this technique
was employed to assess success of afferent lymphatic
reconnection with transplanted nodes. Lymphoscintig-
raphy was evaluated as a method to noninvasively select
functioning transplants.

Efferent lymphatic reconnection was also studied in
several revascularized nodes by ink or Microfil silicone
rubber (Canton Bio-Medical Products, Boulder, CO)
injected directly into the node with a 32-gauge needle.
This technique required killing the animal.
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TABLE 1. Incidence of Afferent Lymphatic Reconnection to
Transplanted Nodes with Different Methods of Surgical Dissection

Per cent
Surgical Technique Number Reconnected

Excision of popliteal node alone
Inguinal node pad incorporating
subdermal plexus 14 29%

Inguinal node pad cut as a 2
X 2 cm block of tissue 25 32%

Inguinal node pad skeletonized
to expose nodes 27 37%

Excision of popliteal node and all N.S.*
surrounding fat

Inguinal node pad incorporating
subdermal plexus 6 17%

Inguinal node pad cut as a 2
X 2 cm block of tissue 20 25%

Inguinal node pad skeletonized
to expose nodes 28 57% (p < 0.05)

* All combinations of these groups are not significantly different
by chi-square test.

Cytotoxicity Test-Native Popliteal Nodes

Normal intact rats were used to identify the time of
maximal cytotoxic response against the immunizing tu-
mor. Fifty male Buffalo rats were each immunized with
106 allogeneic GS-9L tumor cells in 0.1cc of M199 by

intradermal injection of the dorsolateral left foot.
Twenty control rats received injections of medium with-
out tumor cells. Native popliteal nodes from sensitized
and control rats were aseptically excised at different
times after inoculation and assayed for cytotoxic
activity.
Each node was aseptically teased apart by needle

dissection, freeing the lymphocytes in medium Ml 99.
Three times these cells were washed with 20 ml of
medium and centrifuged at 300 g for eight minutes at
4 C. Between each wash, vortex agitation and low speed
centrifugation was used aggregate and sediment dead
cells according to the technique of Parish et al.'6 After
the third wash, the cells were resuspended in 2 ml of
growth medium and counted in a hemacytometer. Vi-
ability was assessed by Trypan blue exclusion and was
usually greater than 85%. Cell concentrations were ad-
justed to 105 cell/ml.

Lymphocytes were then plated on GS-9L tumor cells
using a modification of the cellular adherence assay
system reported by Takasugi and Klein24 (Fig. 2). A
suspension of GS-9L tumor cells in growth medium
was randomly pipetted in 200 ,l volumes to deliver 100
tumor target cells into each well of a Micro Test II
plate (Falcon Plastics Inc., Oxnard, CA). The plates
were then incubated for eight hours at 37 C in moist

,I

TUMOR CELL
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FIG. 2. Schematic diagram
of the cell-mediated cyto-
toxicity assay. Tumor cells
are first plated in each well,
allowed to adhere, and then
immune and control lymph
node cells are added. The
difference in the number of
tumor cells remaining after
40 hours incubation pro-
vides an index of cytotox-
icity.

MEDIUM
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FIG. 3. Two weeks following transplantation and revascularization, showing normal nodal histology (hematoxylin-eosin, X32).

air to allow adherence of tumor cells to the bottom
surfaces of the wells. Lymph node cell suspensions pre-

pared as above were coded and randomly pipetted in
100 IAI volumes to deliver 104 lymphocytes into each
well for a lymphocyte to tumor target cell ratio of 100:1.
Four to six replicate tests were performed for each
lymph node cell suspension. The Micro Test plates were
then returned to the incubator for 40 hours after which
they were gently washed three times with Ml199 to re-

move lymphocytes and detached non-viable tumor cells.
The adherent cells were fixed with ethanol, stained with
giemsa, and visually counted.

Percentage cytotoxicity was calculated as follows:
nC - nT X 100%

nC

where nC is the mean number of tumor cells remaining
in control wells and nT in the test wells. An index of
cytotoxicity was calculated for each immune rat from
the mean of its four to six replicate tests and the mean
from the two control animals on each day. Significant
cytotoxicity was determined by the Sign Test and rep-
resents greater killing or growth inhibition of tumor
cells by immune lymph node cells compared to controls.

Cytotoxicity Test- Transplanted Nodes

In a second study, inguinal nodes were transplanted
to the vacant popliteal fossa by vascular pedicle in 60
male Buffalo rats. Donor nodes were skeletonized, and
all fat was excised from the recipient site during pop-

liteal lymphadenectomy. Four and five weeks following
transplantation lymphoscintigraphy with 99mTc ASC
was performed: 31 were found to have excellent uptake
of the isotope by the transplanted nodes and these rats
were randomly divided into immune and control groups.

The immune group (22 rats) received 106 GS-9L tumor
cells in 0.1 cc Ml 99 by intradermal injection of the
dorsolateral foot. The control group (nine rats) received
injections of medium without tumor. The transplanted
nodes from sensitized or control rats were aseptically
excised at days 3, 7, and 8 following inoculation and
assayed for cytotoxic activity in the same manner as
described for the intact rats.

Results

Twelve nodes transplanted by vascular pedicle and
11 nodes transplanted by microsurgical anastomosis
showed normal histology with some hemosiderin pig-
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FIG. 4. Two weeks following grafting without a blood supply, showing loss of nodal architecture and fibrosis (hematoxylin-eosin, X32).

ment (Fig. 3). There was one necrotic node in the anas-

tomotic group. In contrast, nodes transplanted without
a blood supply uniformly underwent progressive fibrosis
(Fig. 4).
The data in Table 1 summarize the study of 120 rats

undergoing different methods of dissection and indicate
that for afferent lymphatic reconnection the ideal
method of dissection is to skeletonize and expose the
donor nodes and excise the native popliteal node and
all surrounding fat from the recipient site. This partic-

FIG. 5. Left, afferent lymphatics draining india ink from the foot making reconnection with transplanted nodes. Right, restoration of functional
lymphatic anatomy to a group of three revascularized lymph nodes in a site previously occupied by one popliteal node.
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FIG. 6. Lymphoscintogra-
phy with 99"'Tc ASC, 200
uCi injected intradermally
and imaged two to three
hours later. After three
weeks following surgery,
presence or absence of up-
take at popliteal site corre-
lates exactly with de-
monstration of afferent
lymphatic reconnection at
dissection.

ular method afforded significantly greater incidence of
afferent reconnection than five other methods (57% vs.
17-37%; p < 0.05) and was the surgical technique cho-
sen to study immunologic function of transplanted
nodes. Figure 5 shows afferent reconnection with trans-
planted vascularized nodes, visualized by ink injection
at the time of dissection. Dissection of unstained trans-
planted nodes demonstrated lymphatic reconnection
within the fat bypassing the nodes completely.

Uptake by lyniphoscintigraphy after the third week
correlated exactly with demonstrable afferent lym-
phatic reconnections seen in 44 of the 120 rats. Lym-
phoscintigraphy proved to be a reproducible means of
predicting success of afferent reconnection, and it was
employed to noninvasively select functioning trans-
plants for the immunologic study (Fig. 6).

In nodes transplanted by microsurgical anastomosis,
the efferent lymphatics in the vascular pedicle were
disrupted at the time of vascular division. They were
seen to make reconnection with disrupted lymphatics
at the site of the anastomosis in the recipient groin (Fig.

TRANSPLANTED { v jv - NODE
TO POPLITEAL NODE

FOSSA NATIVE
k-POPLITEAL~NODE

-INJECTION
- 64 ~~~~~~SITE

7). The technique of intranodal injection for efferent
lymphatic studies required sacrifice of the animal in
contrast to lymphoscintigraphy (used to identify affer-
ent reconnection), which was noninvasive and repro-
ducible.

Native popliteal nodes from 50 normal intact rats
exposed to tumor inoculation demonstrated peak cy-
totoxicity against the tumor on day 7, with a mean of
17% (Fig. 8). A 95% confidence limit for the mean of
relative differences shows exclusion of zero, which re-
flects significant positive cytotoxicity for that day. From
day 7 through day 11, 12 of 14 rats had positive cy-
totoxic indices, which reflects cytotoxicity over that time
interval (Sign Test; p < 0.01). Tumors became palpable
at one to two weeks and then regressed.
From this it was known to focus on cytotoxicity at

the end of the first week following inoculation, when
cytotoxicity appeared to peak at the popliteal site. Fig-
ure 9 shows that 95% confidence limit for the trans-
planted nodes excludes zero on days 7 and 8 demon-
strating significant positive cytotoxicity on each day.

FIG. 7. Left, microfil injected directly into transplanted node at popliteal site and showing efferent lymphatics draining up the thigh and abdomen
to the periaortic nodes. Specimen is cleared with glycerin. Right, efferent lymphatics in the vascular pedicle making reconnection with disrupted
lymphatics at the site of the microvascular anastomoses.
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FIG. 8. The cytotoxic response of cells from draining popliteal nodes
in intact rats following inoculation of tumor. This study was used to
identify the time of maximal cytotoxic response at the popliteal site.

On these days, 14 of 15 rats had positive indices (Sign
Test; p < 0.001).

Discussion

These experimental results demonstrate that rat in-
guinal lymph nodes, which are transplanted by vascular
pedicle, retain the ability to mount a cytotoxic response
against an immunizing tumor as determined by an in
vitro cellular adherence assay. In this allogeneic system,
cytotoxicity is probably elicited by both tumor-specific
and differing histocompatability antigens.' Lymph node

GS-9L TUMOR30 ~ TRANSPLANTED NODES

F- t20
000
0

C.

3 78

DAYS AFTER TUMOR INOCULATION
FIG. 9. The cytotoxic response of cells from inguinal nodes trans-
planted by vascular pedicle to the popliteal site and then sensitized
by tumor inoculation.
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anergy appears to develop by two weeks, before com-
plete regression of the palpable tumors. Such a decline
in cytotoxicity is commonly observed'9 and is often as-
sociated with a decline in -paracortical T-cell response
and a rise in B-cell activity.'4 Although not proven in
this system, the cytotoxic cells are assumed to be T-
cells, based on the work of other investigators.4 Simi-
larly, Irvin and Eustace'3 showed a decline in anti-tu-
mor response of lymph node cells studied by adoptive
transfer. When harvested within the first week following
sensitization lymph node cells caused accelerated re-
jection of tumor allografts. However, when harvested
in the second week, lymph node cells conferred tumor
growth enhancement, and this was associated with
higher antibody titers.

Cell-mediated cytotoxicity represents an immune re-
sponse within the lymph node. Therefore, this study
provides evidence for the recreation of an intact afferent
arc of immune function following lymph node trans-
plantation, similar or identical to normal nodes. In the
experimental design, however, the controls are not in-
terchangeable, and one cannot statistically compare the
levels of immune response in native nodes with those
in transplanted nodes. This study also does not assess
the efferent arc of immune function, i.e., the systemic
response against growing tumor in vivo.

Regional lymph nodes may provide a mechanism for
the early sensitization of the host against foreign an-
tigen.9 Some investigators have suggested that lymph-
adenectomy may result in greater tumor growth, in-
creased metastases, and less resistance to a subsequent
tumor challenge,58"171'8'22 while other workers have
found no evidence for this.2" '2,6 Thus it is a controversial
issue and reflects a system where multiple interactions
are involved at the cellular and humoral leveL2'
Lymph node cytotoxicity against naturally occurring

tumors in man is a well-recognized phenomenon,20 but
its clinical relevance is as yet undefined. The prospect
of clinically applying lymph node transplantation tech-
niques raises several important questions: Is lymphatic
reconnection with transplanted nodes a fortuitous phe-
nomenon or are there trophic factors involved, the study
of which may be helpful in the surgical treatment of
lymphedema? Should surgeons who perform lymph-
adenectomy consider replacing the nodes with healthy
nodes from another site to afford optimal regional an-
tigen contact and potentially increased regional protec-
tion against infection, further tumor progression or ad-
ditional primaries? Can a patient's immune potential
be amplified above normal by surgical manipulation?
This rather uncomplicated and reproducible model of
lymph node transplantation can be employed for nu-
merous further investigations.
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Summary

This study demonstrates that vascularized rat in-
guinal nodes make spontaneous lymphatic reconnection
following transplantation and that these nodes, identi-
fied as functional by lymphoscintigraphy are still ca-
pable of mounting a cytotoxic response against an im-
munizing tumor. This indicates the successful recreation
of an intact afferent arc of immune function following
lymph node transplantation.

Acknowledgments
Appreciation is expressed to Norman Wolmark, M.D., Mr. Alan

Landay, Mr. Balwinder Malhi, and Mr. Richard Nickel for advice
and assistance, and to Floyd Taylor, Sc.D., for help in the statistical
analysis.
The antimony sulfide colloid was kindly donated by Cintichem, Inc.,

formerly of the Union Carbide Corporation and now a subsidiary of
Medi-Physics, Inc., Emeryville, California.

References

1. Albright AL, Gill TJ, Geyer SJ. Immunogenetic control of Brain
Tumor Growth in Rats. Cancer Res 1977; 37:2512.

2. Bard DS, Hammond WG, Pilch YH. The role of the regional
lymph nodes in the immunity to a chemically induced sarcoma
in C3H mice. Cancer Res 1969; 29:1379.

3. Benda, P, Kuniyuki S, Messer J, Sweet WH. Morphological and
immune chemical studies of rat glial tumors and clonal strains
propagated in culture. J Neurosurg 1971; 34:310.

4. Cerottini JC, Brunner KT. Cell-mediated cytotoxicity, allograft
rejection, and tumor immunity. Adv Immunol 1974; 18:67.

5. Crile G. Rationale of simple mastectomy without irradiation for
clinical stage 1 cancer of the breast. Surg Gynecol Obstet 1965;
120:975.

6. Crile G. The effect on metastases of removing or irradiating re-
gional nodes of mice. Surg Gynecol Obstet 1968; 126:1270.

7. Fisher B, Fisher ER. Studies concerning the regional lymph node
in cancer. I. Initiation of immunity. Cancer 1971; 27:1001.

8. Fisher B, Fisher ER. Studies concerning the regional lymph node
in cancer. II. Maintenance of immunity. Cancer 1972; 29:1496.

9. Futrell JW, Myers GH. Regional lymphatics and cancer im-
munity. Ann Surg 1973; 177:1.

10. Futrell JW, Rust RS, Green D, Edgerton MT. The lymphatic

organ: manipulation and transplantation. In: Lymphology; Pro-
ceedings of the VIth International Congress. Prague: Czech-
oslovak Medical Press, 1979; 180.

11. Groth CG, Hathaway WE, Gustafsson A, et al. Correction of
coagulation in the hemophilic dog by transplantation of lym-
phatic tissue. Surgery 1974; 75:725.

12. Hammond WG, Rolley RT. Retained regional lymph nodes: ef-
fect on metastases and recurrence after tumor removal. Cancer
1970; 25:368.

13. Irvin GL, Eustace JC. A study of tumor allograft-sensitized lymph
nodes in mice. I. Biologic activity of transferred cells and an-
tibody titres of donor and recipient mice. J Immunol 1971;
106:956.

14. Jones JA, Robinson G, Rees RC, Baldwin RW. Immune response
of the draining and distal lymph nodes during the progressive
growth of a chemically-induced transplantable rat hepatoma.
Int J Cancer 1978; 21:171.

15. Kister SJ, Conklin EF, Habif DV. Autotransplantation of lymph
nodes in the dog. Surg Forum 1965; 16:266.

16. Parish CR, Kirov SM, Bowern N, Blanden RV. A one-step pro-
cedure for seperating mouse T and B lymphocytes. Eur J Im-
munol 1974; 4:808.

17. Pendergrast WJ, Soloway MS, Myers GH, Futrell JW. Regional
lymphadenectomy and tumor immunity. Surg Gynecol Obstet
1976; 142:385.

18. Perez CA, Stewart CC, Wagner B. Regional lymphadectomy and
tumor curability. Am J Roetgenol 1975; 123:621.

19. Peter H, Feldman JD. Cell-mediated cytotoxicity during rejection
and enhancement of allogeneic skin grafts in rats. J Exp Med
1972; 135:1301.

20. Pihl E, Nairn RC, Nind AP, et al. Correlation of regional lymph
node in vitro antitumor immunoreactivity histology with co-
lorectal carcinoma. Cancer Res 1976; 36:3665.

21. Prehn RT, Lappe MA. An immunostimulation theory of tumor
development. Transplant Rev 1971; 7:26.

22. Sakita M, Nishimura Y, Takenaka OK, et al. Regional lymph-
adenectomy and tumor curability in C3H. He mice trans-
planted with MH 134. Tohoku J Exp Med 1979; 127:133.

23. Shesol BF, Nakashima R, Alavi A, Hamilton R. Successful lymph
node transplantation in rats with restoration of lymphatic func-
tion. Plast Reconstr Surgery 1979; 63:817.

24. Takasugi M, Klein E. A microassay for cell-mediated immunity.
Transplantation 1970; 9:219.

25. Tilak SP, Howard JM. Regeneration and autotransplantation of
lymph nodes. Ann Surg 1965; 161:441.

26. Van de Velde CJH, Van Putten LM, Zwaveling A. Effects of
regional lymphadenectomy and adjuvant chemotherapy on
metastases and survival in rodent tumor models. Europ J Can-
cer 1977; 13:883.


