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Purified Native and Recombinant Human Alpha 
Lymphotoxin [Tumor Necrosis Factor (TNF)-beta] 
Induces Inflammatory Reactions in Normal Skin 

BRUCE J. A V E R B O O K ,  i'2 ROBERT S. YAMAMOTO, 1 THOMAS R. ULICH,  1'3 E. W. B. J E F F E S ]  '4 
I R E N E  M A S U N A K A ]  and G A L E  A. G R A N G E R  1 

Accepted: January 15, 1987 

These studies report findings that demonstrate that hu- 
man alpha !ymphotoxin (LT) induces local, visible, and 
microscopic inflammatory reactions in normal skin. Skin 
sites in rabbits, when inoculated with a single injection of 
native or recombinant human alpha lymphotoxin, dem- 
onstrated erythema, swelling, and warmth within 5 hr. 
Erythema peaked between 24 and 48 hr and resolved by 
72 hr. Histologic studies of skin sites injected with native 
LT revealed polymorphonuclear neutrophil (PMN) infil- 
tration and edema beginning as early as 3 hr posttreat- 
ment. Individual skin sites that received three daily 
injections of native LT exhibited persistent erythema and 
swelling. Palpable induration was evident 24 hr after the 
second injection in the series. Histologic examination 
revealed the presence of many PMNs with associated 
focal dermal destruction, in the form of microabscesses, 
and scattered mononuclear cells. In contrast, control 
materials and recombinant human tumor necrosis factor 
(TNF-alpha) did not induce visible skin reactions in the 
rabbit. Several additional controls excluded endotoxin as 
being the agent responsible for the inflammatory skin 
reactions observed. The ability of LT to induce inflam- 
mation may have a role in its antitumor activity and it 
may be an important endogenous mediator in other 
immunologic reactions. 

KEY WORDS: Lymphotoxin; tumor necrosis factor; inflamma- 
tion; skin reactive factor. 
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INTRODUCTION 

Lymphotoxins  (LT) are an inducible family of  cell 
lytic and growth inhibitory proteins that are re- 
leased by stimulated human lymphocytes  in vitro (1, 
2). One of the human LT  forms, termed alpha, is 
available in purified form from native or recombi- 
nant sources. The recombinant  form is an 18,600 
MW peptide that assembles into a 40,000-60,000 
MW molecule and the native form is a 27,000 MW 
peptide that is glycosylated and assembles into a 
90,000-100,000 MW molecule (3-5). The peptide 
chain in each form is similar. Both native and 
recombinant  LT forms wilt cause necrosis of  exper-  
imental tumors growing in mice and considerable 
interest has been generated for their potential use as 
anti tumor agents in human cancer  patients (3-5). 
This finding has led one group to rename alpha L T  
tumor necrosis factor  beta  (TNF-beta)  (3, 4). 

Several investigators have repor ted on superna- 
tant factors derived from antigen- or mitogen-stim- 
ulated human lymphocytes  which cause inflamma- 
tion and reactions when injected into normal skin 
(6-13), Materials with this activity have been 
termed skin reactive factors and lymph node per- 
meability factors. While studying the histology of 
Meth-A tumors in BALB/c  mice treated with puri- 
fied human LT,  we noted marked infiltration by 
inflammatory cells (14). We therefore proceeded to 
discern whether  lymphotoxin could be responsible 
for the inflammatory reactions in these tumors.  The 
present  report  indicates that native and recombi-  
nant LT  can induce inflammation and skin reactions 
and that chronic administration results in destruc- 
tion of normal tissues. 
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334 AVERBOOK ET AL 

M A T E R I A L S  A N D  M E T H O D S  

Human Alpha Lymphotoxin Production and 
Purification 

Cell-line maintenance, LT production, and LT 
purification have been described in detail elsewhere 
(15). A unit of lytic activity is defined as the 
reciprocal of the dilution required to lyse 7500 
routine L929 cells in an in vitro microplate assay. 

Recombinant Human Alpha Lymphotoxin and 
Tumor Necrosis Factor 

Recombinant human LT (TNF-beta) and tumor 
necrosis factor (TNF-alpha) were provided by 
Genentech, Inc. (San Francisco, CA), and Cetus 
(Emeryville, CA), respectively. When tested in our 
own laboratory on L929 cells in the microplate 
assay, the specific activity of native LT, recombi- 
nant LT, and recombinant TNF was 6 x 106 to 3 × 
107 U/rag. All preparations, including the purified 
materials, contained less than 0-3 U of endotoxin as 
measured by the QCL-1000 chromogenic limulus 
amebocyte lysate test method (M.A. Bioproducts, 
Walkersville, MD). All samples were suspended in 
sterile phosphate-buffered saline (PBS) at a pH of 
7.2 containing I% bovine serum albumin (BSA). 

Histology of  LT-Inoculated, Normal Mouse Skin 

The hind limbs of six female BALB/c mice 
(Newport Pharmaceuticals Int., Newport Beach, 
CA) were shaved. Right legs were injected 
intradermally (ID) with 20 txl of native LT, equiva- 
lent to 1800 U of lytic activity, and left legs were 
injected intradermally with 20 ~xl of PBS. Two 
animals were sacrificed at 24, 48, and 72 hr. The 
areas injected were harvested along with underlying 
muscle and fixed in 10% neutral buffered formalin. 
Tissues were then embedded in paraffin, sectioned, 
and prepared as hematoxylin and eosin-stained 
slides. Slides were evaluated by a pathologist who 
was not aware of the treatment paradigm. The area 
of greatest density of neutrophils (PMNs) was 
counted per 40 x high-power field on each slide. 

Effects o f  HUman LT on Normal Rabbit Skin 

Female, New Zealand white rabbits (ages 8-16 
weeks) (Simunek Breeders, Vista, CA) were used in 
the following experiments. Each rabbit was pre- 

tested and shown to demonstrate a skin reaction in 
response to LT. An adequate skin response test was 
defined as erythema greater than or equal to 0.8 cm 
from a 1000-U intradermal inoculation. 

Dose Response of  Skin Reaction. Serial dilution 
of LT in PBS were made into 20-fxl samples corre- 
sponding to 10,000, 1000, 100, and 10 U. These 
samples were injected at individual sites id in the 
back of a rabbit, as was a 20-txl sample of PBS as a 
control. These sites were observed over a 4-day 
period. This experiment was repeated twice. 

Visible Skin Reaction in Response to a Single 
Injection. A single dose of 10 p,t of native LT 
(equivalent to 4200 U of activity) was injected id 
into the right shaved back of a rabbit, then observed 
over a 4-day period. A single control injection was 
used, with 10 ~xl of PBS injected into the left shaved 
back of the same animal. This was repeated two 
more times on different animals. Three identical 
experiments were performed on separate rabbits 
with recombinant LT. 

Ilistology of  Skin Reaction from Single and 
Multiple Injected Sites 

Skin biopsies for histologic evaluation were ob- 
tained from rabbits at different times after a single 
or multiple id injections of PBS or native LT using 
4200 U in 20 Ixl. A rabbit was inoculated daily with 
native LT using 4200 U in 20 ~xl at different sites 
along with an equivalent volume of PBS placed 4 
cm away from the LT-treated sites. One area re- 
ceived repeated daily injections of LT and a control 
site was similarly treated with PBS. The animal was 
sacrificed with a 6-ml intracardiac injection of 6 M 
KC1. Biopsies were taken from sites corresponding 
to 3, 6, 24, 48, and 72 hr after single injections, as 
were sites chronically injected with LT or PBS. 
Sharp dissection was used to harvest skin samples 
with a portion of underlying subcutaneous tissue. 
All biopsies were placed in 10% neutral buffered 
formalin prior to embedding, sectioning, and H&E 
staining. This experiment was repeated twice. All 
slides were evaluated by a pathologist who was not 
aware of the treatment paradigm. The area of great- 
est neutrophil density on each Slide was counted per 
40x high-power field. 

Treatment of  Rabbit Skin with Recombinant TNF 
(TNF-Alpha) 

Fifty microliters of TNF-alpha containing from 
50,000 to 60,000 U was also injected into four 
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different rabbits who had been pretested and shown 
to have skin reactions in response to LT. These 
animals were observed over a 4-day period. 

Correlation o f  LT and TNF in Vitro Celt Lytic 
Activity with Skin Reactivity After Native 
Polyacrylamide Gel EIectrophoresis (PAGE) 

Twenty microliters of native LT (4.2 × 105 U/ml) 
and 20 fxl of recombinant TNF (1 x 106 U/ml)  
(Cetus Corp.) were each run separately on native 
(0.5 x 6.0-cm) polyacrylamide tube gels as de- 
scribed previously (16). Each gel was sliced into 
l-ram sections. Five abutting sections were placed 
in 150 txl of 1% BSA (1 mg BSA/ml PBS), macer- 
ated, and allowed to elute overnight. E!uates were 
assayed for lytic activity using the microplate assay 
and injected intradermally, as 50-~1 samples, into 
rabbit skin. The animals were observed over 4 days. 
This experiment was repeated two times, 

Heat-Inactivated LT  and Skin Reactions 

Twenty microliters of native or recombinant LT 
(4200 U) was placed in plastic bullet tubes and 
heated to !00°C in a boiling-water bath for 20 rain. 
Treated samples were injected into skin of different 
rabbits along with 20 p~l (4200 U) of unheated native 
or recombinant LT at separate sites, respectively. 
Two rabbits received native LT as a control and 
two received recombinant LT (rLT) as a control. 
Animals were observed over 48 hr for signs of skin 
reactivity. 

In addition, 15,000 U rLT in 50 ~1 PBS was heat 
inactivated as described above and injected into 
three rabbits along with positive and negative con- 
trois. Six-millimeter Baker punch biopsies were 
taken of each injection site after local anesthesia 
with 1% lidocaine. Tissues were then prepared and 
examined as described previously. The above ex- 
periment was duplicated using 50,000 U rLT in 50 
~I PBS in a single rabbit. 

Two rabbits received repeated intradermal injec- 
tions of 50,000 U of heat-inactivated rLT in 50 Ixl of 
PBS in the same sites along with positive and 
negative controls for three consecutive days. Six- 
millimeter punch biopsies were obtained 24 hr after 
the last injection and prepared and examined as 
described previously. 

RESULTS 

Mouse Skin Reaction 

Tissues harvested at 24, 48, and 72 hr from 
BALB/c mice injected id on the right hind limb with 
t800 U of native LT and on the left hind limb with 
PBS revealed no grossly visible changes between 
control and test sites. Microscopic examination, 
however, revealed the presence of significant num- 
bers of inflammatory cells at LT-treated but not at 
control sites (Figs. 1A and B and 2). Polymorpho- 
nuclear neutrophils (PMNs) were observed in the 
dermis, subcutaneous tissues, and superficial mus- 
cle layers in 24-hr specimens from LT-treated sites. 
Samples at  both 48 and 72 hr showed progressively 
diminishing numbers of PMNs with a few mononu- 
clear cells. Control sites revealed no significant 
inflammatory cell infiltrates at any time assessed. 

Dose Response o f  Rabbit Skin Reaction 

Individual animals were injected id at multiple 
sites with serial dilutions of native and recombinant 
LT. The diameter of erythema was inversely pro- 
portional to the dilution and the duration of the skin 
reaction lasted only I6-24 hr at higher dilutions. 
Skin reactions were observed with as little as 10 U; 
however, all erythema faded by 24 hr at dilutions 
containing LT at concentrations of 100 U or less. 
We also found that two of five randomly chosen 
rabbits showed no visible response to LT inocula- 
tion when screened with 1000-U id injections. How- 
ever, responder animals remained so even after 
repeated challenges. 

Visible Skin Reaction in Response to a Single id 
Injection of  LT in Rabbits 

Three female New Zealand white rabbits were 
injected id on the right shaved back with 4200 U (10 
~xl) of native LT and id on the left shaved backwith 
10 lxl of PBS. This was repeated in three additional 
rabbits using recombinant LT. LT-treated sites 
showed erythema and edema which began after 5 
hr, peaked between 24 and 48 hr (up to 2 cm), and 
then returned to normal by 72 hr. Figure 3 il!us- 
trates the visible reaction observed in rabbit skin at 
5 hr. Two animals were also treated daily with 4200 
U of native LT at the same site for 3 days. Individ- 
ual skin sites that received three daily injections of 
native LT exhibited persistent erythema and swell- 
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336 AVERBOOK ET AL 

Fig. 1. Hematoxylin and eosin-stained skin from BALB/c mice 24 hr after intradermal injection 
with (,4,) PBS (20 Ft) and (B) 1800 U (20 ~1) of native LT. Note the edema and intense 
inflammatory cell infiltrate, predominantly PMN, in the dermis of the test site (B). t00×. 

ing. Palpable induration was detectable 24 hr after 
the second injection in the series. Erythema up to 2 
cm with palpable induration of up to 1 cm was 
present on the fourth day of examination. 

Histology of Rabbit Skin Reactions from Single 
and Multiple Injected Sites 

Skin samples for histologic evaluation were ob- 
tained from rabbits at different times after a single 
or multiple id injection of native LT, A high-power 
view of a control skin site at 6 hr is shown in Fig. 
4A. There were no grossly visible changes at any 

control sites. Microscopic examination revealed 
scattered, generally superficial dermal, perivascular 
mononuclear infiltrates in some controls irrespec- 
tive of the time course after inoculation. Histologic 
examination of skin sites receiving a single LT 
injection revealed PMN margination in blood ves- 
sels and increased numbers of PMNs in the dermis 
beginning as early as 3 hr posttreatment. Increasing 
numbers of PMNs were seen at 6 hr (Fig. 4B). 
There was PMN cytoclasis as evidenced by nuclear 
and cytoplasmic debris during the first 24 hr. The 
number of PMNs in the dermis peaked by 24 hr and 
began to decrease thereafter (Fig. 5). Seventy-two 

Journal of Clinical Immunology, Vol. 7, No. 4, 1987 



LYMPHOTOXIN INFLAMMATORY REACTIONS 337 

120 

I00 

8O 

O 
~Y 

u_ 60 
C1- 

03 
z 40 
C)- 

20 

8 

Con~ol , ~ ~  

I ~ I 

24 48 72 
HOURS 

Fig. 2. Scatter plot over time of the densest area of PMN infiltration 
in mouse skin after treatment with 1800 U of purified native LT. 

hours postinoculation specimens showed minimal 
changes compared to control. Animals receiving 
three daily LT injections at the same site were 
examined 24 hr after the final injection. Histologic 
examination revealed the presence of many PMNs 
with associated focal dermal destruction, in the 
form of microabscesses made up of PMNs, cellular 
debris, and karyorrhectic material (Fig. 4C). Scat- 
tered mononuclear cells were apparent at a slightly 
increased number in the dermis of chronically 
dosed skin. 

Treatment o f  Rabbit Skin with Recombinant TNF 
(TNF-Alpha) 

While the data are not shown, animals treated 
with TNF-alpha showed no visible evidence of 

Fig. 3. Visible skin reaction in NZW rabbit 5 hr after intradermal 
inoculation with 4200 U of native LT (10 M). Indelible ink was used 
to mark the site of injection and is seen at the center of the skin 
reaction. The skin reaction at this time exhibits erythema, edema, 
and warmth. 

inflammatory reaction at all concentrations tested 
up to 60,000 U. 

Correlation of  LT and TNF in vitro Cell Lytic 
Activity with Skin Reactivity After Native 
Polyacrylamide Gel Electrophoresis 

Purified native LT and TNF-alpha were subjected 
to electrophoresis on native PAGE tube gels as 
described in Materials and Methods. While the data 
are not shown, only those PAGE fractions which 
contained lyrically active LT induced a skin reac- 
tion. The same experiment conducted with recom- 
binant TNF showed no skin reaction from either 
lyric or nonlytic fractions. 

Heat-Inactivated LT Does Not Cause Skin 
Reactions 

Boiling either native or recombinant LT at all 
levels tested for 20 min completely destroyed the 
ability of the sample to cause visible or histologic 
inflammatory skin reactions whether given in single 
or repeated injections. In contrast, positive controls 
of unheated LT, native or recombinant, were fully 
active in causing a skin reaction. 

DISCUSSION 

Recombinant and native human LT can induce 
inflammatory reactions in normal skin. Grossly vis- 
ible evidence of inflammation was not present in the 
mice but rabbits responded with erythema and 
edema 5-6 hr after LT inoculation which peaked 
between 24 and 48 hr and, with single injections, 
resolved without tissue destruction. While the data 
are not shown, we have found similar reactions to 
single 1000-U LT injections in skin of guinea pigs. 
The cellular infiltrate in rabbits and mice was pri- 
marily PMN, which was characteristic of acute 
inflammation. The number of PMNs found in the 
skin gradually diminished by 48 and 74 hr to reveal 
a background of scattered mononuclear cells. Al- 
though not Shown here, biopsies of recombinant 
LT-treated skin sites were identical to that of the 
purified molecule. There were differences in re- 
sponsiveness between individual rabbits to LT in- 
jections and good responders continued to give 
strong reactions even after several months and 
multiple skin tests. 

Chronic id administration of LT caused greater 
visible inflammation than single injections. Grossly, 

Journal of  Clinical Immunology, Vol. 7, No. 4, 1987 



338 AVERBOOK ET AL 

l~g. 4. Hematoxylin and eosin-stained skin sites from a NZW rabbit 6 hr after intradermal injection with (A) PBS (20 txl) and (B) 4200 
U (20 Ixl) of native LT. (C) NZW rabbit skin 24 hr after the last of three daily, consecutive injections of native LT (4200 U). B shows 
a massive influx of PMNs infiltrating dermal tissue. Note the microabscess formation in C. (A, B) 400 x and (C) 100 x ; reduced 70% 
for reproduction. 

sites treated over 72 hr with three injections exhib- 
ited persistent edema, erythema, and palpable indu- 
ration. Histological examination of these sites re- 
vealed heavy infiltration with PMNs and smaller 
numbers of mononuclear cells. Moreover, there 
were areas of normal tissue destruction in the form 
of microabscesses. Since recombinant LT will acti- 
vate PMNs in vitro (17), it is possible that native LT 
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Fig. 5. Scatter plot over time of the densest area of PMN infiltration 
in rabbit skin after treatment With 4200 U of purified native LT. 

is capable of activating inflammatory cells that then 
cause tissue destruction. Further study will be 
required to ascertain whether LT can directly, 
independent of inflammatory cells, destroy normal 
tissue in vivo. 

The delay in visible inflammatory responses may 
indicate the induction of additional mediators which 
produce the visible response seen. Of note, how- 
ever, is that histologic changes occur prior to visible 
signs of inflammation. Although the data are not 
shown, we found that LT injections into rabbits 
classified as poor visible responders still showed 
microscopic PMN infiltration into skin sites when 
examined at 24 hr. More studies are needed to 
characterize the components of LT-induced inflam- 
mation. 

Endotoxin as a cause for the visible inflammatory 
reaction attributed to LT was eliminated by heat 
inactivation of LT, PAGE, and control samples. 
Had endotoxin been the inciting agent for the in- 
flammatory reactions observed, other samples off 
the PAGE gel would have elicited visible skin 
reactions. On the contrary, skin reactivity migrated 
solely with lyric activity. In addition, sites biopsied 
after single or repeated injection with heat-inacti- 
vated LT revealed no PMN infiltration. Although 
the data are not shown, levels of polymixin B 
capable of neutralizing 0.5 ng of lipopolysaccharide 
when mixed with 50,000 U of rLT in 50 p.1 of PBS 
did not neutralize inflammatory skin reactions. 
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Our results indicate that recombinant TNF (TNF- 
alpha) does not give rise to visible skin reactions in 
rabbits compared to comparable doses of LT in 
animals that are known responders to LT-induced 
inflammation. This is surprising, for LT and TNF- 
alpha share 28% amino acid sequence homology 
(18, 19) and appear to bind to the same receptor site 
on target cells in vitro (20). These results indicate 
that LT and TNF-alpha may exert in vivo antitumor 
effects via different mechanisms. Finally, they may 
also have different roles in various aspects of cell- 
mediated reactions in vivo. Histologic studies of 
TNF-treated skin sites are under way. 

This is the first evidence demonstrating a 
lymphotoxin to be an inflammatory agent in tissue. 
Polymorphonuclear neutrophils not only are acti- 
vated by LT in vitro, but will migrate in vivo into 
tissues inoculated with LT. In vitro studies indicate 
that cytolytic lymphocytes of all classes can release 
the alpha LT molecule (21). Indeed, even B lym- 
phocytes can release the alpha protein when in- 
duced by the proper stimulus in vitro (22). These 
results raise the possibility that LT may have a role 
in a wide variety of endogenous inflammatory and 
immunologic reactions such as allograft rejection 
and autoimmune diseases. The presence of large 
numbers of neutrophils seen in examinations of 
immunologicatly mediated inflammatory sites (e.g., 
renal allograft rejection) is generally thought to 
suggest a humorally mediated immune response. 
Our studies, however, suggest that the presence of 
large numbers of neutrophils in such sites may also 
be a result of cell-mediated immune events. The 
ability of LT to induce inflammation may have a 
role in its antitumor activity and is currently under 
investigation. Now that purified materials and 
monospecific antibodies are available, the role of 
these molecules in various types of immunologic 
reactions can be established. 
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