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It is likely that the characteristic bistologic features
of Hodgkin’s disease reflect cytokine production by
the tumor cell population. Tumor necrosis factor
(TNF-a) and lymphotoxin (tumor necrosis factor
beta [TNF-P]) are important inflammatory media-
tors with wide-ranging effects within the lymphore-
ticular system. The aim of the present study was to
investigate TNF-a and lymphbotoxin production in
the Hodgkin’s disease-derived cell lines L428 and
L540. At the product level, both cytokines could be
demonstrated by immunostaining with specific
monoclonal antibodies. TNF-a could be demon-
strated by means of an enzyme-linked immunosor-
bent assay in culture supernatants from botb cell
lines as well as in cell lysates of L428 and L540
cells. Cytotoxic activity could be achieved only in
L428 supernatants. This cytotoxic activity could
not be blocked by the addition of a polyclonal anti-
body against TNF-a, but was partially inbibited
with the monoclonal antibody against lympho-
toxin. Synthesis of TNF-a and lympbotoxin in both
L428 and L540 was confirmed by demonstrating
the intracellular-specific messenger RNA (mRNA)
using specific cDNA clones in Nortbern blot analy-
sis. In situ bybridization studies with the TNF-a
¢DNA probe gave positive bybridization signals in
L428 and in L540. These results demonstrate the
transcription, translation, and export of TNF-a and
lymphotoxin in cultured Hodgkin’s disease-derived
cell lines. In addition, results of preliminary experi-
ments are presented in which we demonstrate
Reed-Sternberg cells positive for TNF-a protein and
mRNA in different Hodgkin’s disease tissue biop-
sies, indicating that, at least for TNF-a, our cell line

data are relevant to the neoplastic population pres-
ent in Hodgkin’s disease tissue. (Am J Pathol 1990,
137:341-351)

The histopathologic picture characteristic of Hodgkin's
disease (HD) consists of a sparse population of Reed-
Sternberg cells and their mononuclear counterparts rep-
resenting the neoplastic component admixed with many
reactive inflammatory cells and often associated with col-
lagen deposition and sclerosis (for recent reviews see
Jones,' Stein and Gerdes,? and Kadin®). These character-
istic histopathologic features seen in HD may be due to
the production and release of cytokines by Hodgkin and
Reed-Sternberg (H&RS) cells, a working hypothesis that
was proposed originally by Newcom and O’Rourke,* who
described an uncharacterized fibroblast-stimulating fac-
tor in supernatants derived from primary HD-derived cell
cultures, and Ford et al,® who observed IL-1-like and fi-
broblast-stimulating activities in supernatants of involved
HD spleen cell cultures. The identity and mode of produc-
tion of cytokines or other biologically active mediators in
HD may, therefore, be central to our understanding of the
disease process.

Within the complex cell mixture found in HD-involved
lymphoid tissue, it is possible that active mediators are
produced either by cellular constituents of the reactive
component or by the H&RS cells. The low frequency and
consequent difficulty in extraction and purification of neo-
plastic cells from HD tissue biopsies complicates the di-
rect investigation of cytokine production by the malignant
cells.

Several celllines have been derived from HD that show
abnormal kariotype and exhibit phenotypic and genotypic
features that parallel those seen in H&RS cells.5® These
cell lines provide good models for the investigation of the
behavior of the neoplastic cell population in HD. The body
of published work from Stein and others'?8° suggests
that H&RS cells originate from either activated B or T lym-
phocytes. Therefore we have used two cell lines, L428
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and L540,° with phenotypic and genotypic characteristics
of either B or T cells® to investigate potential biologically
active mediator production in HD. In this study we have
concentrated on so-called tumor necrosis factors, TNF-«
(TNFa) and lymphotoxin (TNF-g), which are known to be
potent inflammatory mediators and to promote fibroblast
proliferation.'®'" Our data show that both L428 and L540
produce TNF-a and lymphotoxin. In addition, we present
preliminary data showing TNF-« protein and messenger
RNA (mRNA) in H&RS cells in routine diagnostic biopsies,
demonstrating the validity of the results obtained on the
celllines.

Materials and Methods
Cells

The HD-derived cell lines L428 and L540 (courtesy of V.
Diehl, KoIn, FRG) were maintained under standard culture
conditions in Roswell Park Memorial Institute (RPMI) 1640
with 10% fetal calf serum for L428 and 20% fetal calf se-
rum for L540, respectively, L-glutamine, and antibiotics.

Both cell lines were negative for mycoplasma infection
as determined by 4-6-diamidine-2-phenylindol-dihydro-
chloride (DAPI) staining performed according to the
guidelines of the manufacturer (Boehringer Mannheim,
Mannheim, FRG).

For the supernatant assay, washed L428 cells were
grown for 2 days before assay in serum-free medium. Be-
cause L540 cannot be maintained under serum-free con-
ditions, this cell line was cultured in 10% fetal calf serum
for the supernatant assays. Supernatants were harvested
at 24, 48, and 72 hours by centrifugation, filtered through
0.22-um Millipore membranes, and stored frozen at
—20°C until required for assay.

Mononuclear peripheral blood leukocytes were ob-
tained from healthy donors by centrifugation through Fi-
coll/Hypaque gradients followed by washing.

Preparation of Cell Lysates

One million cells were pelleted by centrifugation and re-
suspended in 500 ul phosphate-buffered saline (PBS). Ly-
sates were prepared by repeating freezing and thawing
three times. After a further centrifugation to remove cell
membranes, supernatants were used for tumor necrosis
factor enzyme-linked immunosorbent assay (TNF-ELISA).

Tissue Biopsies

Frozen and neutral buffered formalin-fixed tissue biopsies
were obtained from the diagnostic files of the University

Department of Pathology, Southampton. All cases were
confirmed as Hodgkin's disease on histopathologic re-
view.

Immunostaining

Staining of cytocentrifuge slides and frozen sections was
performed according to the alkaline phosphatase anti-al-
kaline phosphatase (APAAP) method described by Cor-
dell et al'® and developed using a New-Fuchsin tech-
nique.” The monoclonal antibodies TNF-E (against TNF-
a)and LTX-21 (against lymphotoxin) were provided by Dr.
G. R. Adolf, Ernst Boehringer Institute, Vienna, Austria.'*

In situ Hybridization in Cytocentrifuged
Cell Lines

Pretreatment of the Cells

Hodgkin's disease-derived cell-ine cytocentrifuge
slides were fixed for 10 minutes at room temperature in
Zamboni's fixative'® immediately after preparation. Cells
were extensively washed in 70% ethanol and stored in
70% ethanol at 4°C until used.

Preparation of Sulphonated Probes

1-10 pg of plasmid DNA was sulphonated according
to the guidelines of the Chemiprobe hybridization kit (Or-
genics, Yavne, Israel), as originally described by Budow-
sky et al."® The efficiency of sulphonation was confirmed
by dot-blot analysis of serial dilutions of labeled probes to
ensure equivalent sensitivity of the specific and the con-
trol cDNA probes.

Prehybridization

Slides were transferred from 70% ethanol to RNase-
free PBS containing 5 mmol/I (millimolar) MgCl, and incu-
bated at room temperature for 10 minutes. This step was
repeated once. Subsequently slides were incubated in
freshly deionized formamide (50% in 5 X SSC) and then
with 100 ul of prehybridization mixture for 1 hour at 37°C.
This solution was prepared from 500 ul freshly deionized
100% formamide, to which was added 250 ul 20 X SSC,
50 ul tRNA (10 mg/ml), 5 ul ficoll (40 mg/ml), 5 ul polyvi-
nylpyrolidone (40 mg/ml), 5 ul bovine serum albumin (40
mg/ml), 10 ul 5 M NaH,PQ,, 75 ul H,O, and 100 ul of
freshly denatured herring sperm DNA (1 mg/ml).



Hybridization

After prehybridization, slides were washed briefly in
freshly deionized formamide (50% in 5 X SSC). As hybrid-
ization solution we used a mixture of 500 ul freshly deion-
ized formamide (100%), 150 ul 20 X SSC, and 25 ul tRNA
(10 mg/ml). For each slide, 34 ul of this solution were
mixed with 1 to 10 ul of sulphonated probe and the final
volume adjusted to 50 ul by the addition of RNase-free
water. This solution was boiled for 2 minutes, 1 ul of Den-
hardt’s solution (50X) added, and immediately trans-
ferred to the cytocentrifuge preparations. Hybridization
was allowed to proceed for 2 hours at 37°C. Subse-
quently slides were washed for 10 minutes in 1 X SSC,
50% freshly deionized formamide in 1 X SSC and 1
X SSC.

Visualization of the Hybridization Reaction

Slides were incubated with anti-sulphonated DNA anti-
body (Chemiprobe, Organics, Yarne, Israel) diluted 1:250
in the blocking solution provided for 30 minutes. Bound
antibody was demonstrated by the APAAP technique, '
as detailed above.

In Situ Hybridization in Routinely
Fixed Tissue Biopsies

Preparation of Biotinylated Probes

Oligonucleotide DNA probes were synthesized, using
published sequence data,” on an Applied Biosystems oli-
gonucleotide synthesizer (Applied Biosystems, Model
380, Worrington, UK). Four separate regions of the TNF
cDNA sequence, each 25 bases in length, were chosen
because of their high percentage of guanine and cytosine
residues. A cocktail of four probes increases the sensitiv-
ity of the assay. Both the antisense and the sense strands
of the cDNA sequence were synthesized, the sense
strands to act as a negative control in the hybridizations.

Probes were labeled at the 5’ terminus by chemical
derivitization using Amino-link 2 (Applied Biosystems) and
N-Hydroxysuccinimide Biotin (Sigma Chemical Co., St.
Louis, MO). They were also labeled at the 3’ terminal using
the enzyme Terminal Deoxynucleotidyl Transferase (Phar-
macia Co., Piscataway, NJ) by a method adapted from
Deng and Wu."® These labeling reactions added one bio-
tin moiety at the 5’ terminal and approximately six biotin
moieties at the 3' terminal. Labeled and purified probes
were then used at a concentration of 1 to 2 ug/ml in the
hybridization reaction.

Prehybridization

Sections were washed in 0.2 N HCI at room tempera-
ture for 20 minutes followed by a 10-minute wash in 2
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X SSC at 70°C. This was followed by a proteolytic treat-
ment using Proteinase K (Boehringer Mannheim, Mann-
heim, FRG), concentration 1 to 20 ug/ml to determine op-
timum conditions for unmasking of MRNA targets. Subse-
quently sections were incubated in prehybridization
solution for 1 hour at 37°C. This solution comprised 50%
formamide, 600 mmol/l NaCl, 50 mmol/I TRIS HCI pH 7.6,
0.1% w/v sodium pyrophosphate, 0.2% w/v polyvinyl pyr-
rolidone MW 40000, 0.2% w/v ficoll MW 40000, 5 mmol/I
ethylene-diamine tetraacetic acid (EDTA), 150 ug/ml
sheared salmon sperm DNA, and 10% polyethyleneglycol
6000."°

Hybridization

After prehybridization, sections were drained and the
hybridization mixture was added. This solution was pre-
pared in the same way as the prehybridization solution,
except this time the TNF probe was added at a concentra-
tion of 2 ug/ml. The slides were incubated overnight at
37°C. Sections were washed under stringent conditions
to remove any unbound or partially bound probes.

Controls

Several controls were included in each experiment.
These negative controls were a hybridization with sense
probe cocktail biotinylated at the 5’ and the 3' terminal in
an identical manner to the antisense cocktail; a hybridiza-
tion with a 3' labeled poly-A probe of 25 to 30 bases in
length; and a no-probe control and a ribonuclease control
in which it was shown that all signals were sensitive to
digestion with RNase type 1A.

A positive control was also incorporated by hybridizing
with a 3' labeled poly-T probe of 25 to 30 bases in length.
This assay makes it possible to determine the integrity of
the tissue biopsy as regards preservation of all mMRNA.

Visualization of Hybrids

Detection of hybrids was carried out using the compo-
nents of an sABC kit (Dakopatts, Copenhagen, Denmark)
applied to the sections separately in four stages, and visu-
alization was by a O-naphthol-AS-bi-phosphate (Sigma
Chemical Co.) entrapment method.*®

cDNA Probes

The specific TNF-a probe used for in situ hybridization
of cytocentrifuge preparations and Northern blot analysis
was an 0.8-kb Eco R1 fragment maintained in plasmid
pSP64."” The lymphotoxin-specific cDNA was a 1.329-kb
Eco R1 fragment maintained in plasmid pBR322.2° Both
probes were provided by Genentech Inc., San Francisco,
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CA. We used a 2-kb Pst | cDNA fragment specific for c-
beta actin maintained in pBr 3222' as positive control for
Northern blot analysis. The negative control for in situ hy-
bridization was the plasmid PGEM2 obtained from Geno-
fit, Heidelberg, FRG. PGEM2 was constructed from
pSP65, which differs only marginally from pSP64.

Northern Blot Analysis

Total cellular RNA was isolated from routinely passaged
cells in the presence of guanidinium isothiocyanate.??
Twenty to thirty ug of each sample, determined photo-
metrically, were size fractionated by formaldehyde/aga-
rose gel electrophoresis and transferred to nitrocellulose.
The filters were hybridized with specific cDNA labeled
with 3P by the random priming method.?® Filters were
washed at high stringency, and the hybridization reac-
tions obtained were visualized by autoradiography
against Kodak XARS with an exposure time of 1 to 3 days.

TNF-a ELISA

A sandwich ELISA for TNF-a was performed according to
standard techniques,?* using monoclonal anti-TNF-« anti-
bodies provided by BASF/Knoll AG, Ludwigshafen, FRG.
The assay was standardized against recombinant TNF-a.
The sensitivity of this assay was more than 10 pg/ml. Val-
ues greater than 15 pg were considered TNF-« positive.

L929 Bioassay

The mouse fibrosarcoma line L929 was used as the target
in the cytotoxicity assay, as described previously.?>%
Briefly, 3-day-old L929 cells at a concentration of 1 X 108/
mi were added in 100 ul aliquots to serially diluted test
samples in 96-well flat-bottom microtiter plates in the pres-
ence of 1 ug/ml actinomycin D. After 19 hours incubation,
viable cells remaining were quantified by the addition of 10-
ul of a solution of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazoliumbromide (MTT, 5 mg/ml in PBS, ph 7.4). After a
further 2-hour incubation, the reaction was stopped by the
addition of acidified isopropanol (0.04 N HCL in isopropa-
nol). The MTT reaction was measured at 550 nm.2®

Cytotoxicity levels corresponding to TNF-a values
greater than 30 international units/ml (1 U/ml is equivalent
to 0.025 ng TNF-a/ml) were considered positive (de-
termined against recombinant human TNF-a (BASF/
Knoll AG).

The specificity of this cytotoxic assay for TNF-« or lym-
photoxin was determined by blocking with serial dilutions
of rabbit anti-human recombinant TNF-a antiserum

Table 1. TNF-a and Lymphotoxin Production at
the Product Level

L428 L540
TNF ELISA* of supernatants + +
Cytotoxic activity of supernatant t + -
Inhibition with anti-TNF - Not done
Inhibition with anti-LT Partial Not done
TNF ELISA of cell lysates + +
APAARP staining with anti-TNF + +
APAAP staining with anti-LT + +

* Values greater than 15 pg/ml were considered as TNF-a positive.
1 Cell lysis of L929 induced by cytotoxic activity of supernatants
greater than 750 pg/ml were considered positive.

(BASF/Knoll AG) or a monoclonal anti-human lympho-
toxin antibody (LTX-9, Dr. Adolf). One microliter (4.4 ug/
ml) of LTX-21 neutralized the cytotoxic activity of 4.4 pg
of human recombinant lymphotoxin (Dr. Adolf).

Results
Cell-line Studies

TNF-a and Lymphotoxin Production
at the Product Level

Table 1 summarizes our results relating to the produc-
tion of TNF-a and lymphotoxin by L428 and L540. Culture
supernatants from both cell lines were consistently posi-
tive in the TNF-a ELISA, demonstrating the presence of
immunoreactive TNF-a. In the L929 bioassay, cytotoxic
activity could be determined only in L428 supernatants.
This activity could not be blocked by the addition of a
polyclonal antibody against TNF-« but was partially (60%)
inhibited with the monoclonal antibody against lympho-
toxin.

Frozen-thawed L428 and L540 cell lysates were also
positive in the TNF-ELISA. Both L428 and L540 stained
for TNF-a and lymphotoxin, showing a marked similarity
in staining pattern. In Figure 1 we illustrate the results of
staining L428 (Fig. 1a) and L540 (Fig.1b) with monoclonal
antibodies directed against human TNF-« (1a) and lym-
photoxin (Fig. 1b), respectively. The staining pattern seen
with both cell lines and both antibodies was granular and
cytoplasmic. A marked proportion of cells showed pro-
nounced focal staining of the Golgi region. Figure 1c
shows staining of L428 with Mac 387 as an inappropriate
monoclonal antibody control. L540 was also negative af-
ter staining with Mac 387.

TNF-a and Lymphotoxin Production
at the Level of mRNA

Synthesis of TNF-a and lymphotoxin in both L428 and
L540 was confirmed in replicate experiments by the dem-



Figure 1. Immunostaining for tumor ne-
crosis factor alpbha and lymphotoxin of
Hodgkin's disease-derived cell lines L428
and L540. a: APAAP staining with anti-
TNF-o antibody of L428. Staining with
anti-TNF-a of L540 was very similar. b:
APAAP staining of L540 with monoclonal
antibody against lymphbotoxin. Staining
with anti-lymphotoxin of L428 was merely
identical. c: APAAP staining of L428 with
Mac387 as an inappropriate monoclonal
antibody control. Staining of L540 with
Mac387 was negative, too.
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Figure 2. Northern blot analysis. mRNA prepared from mono-
nucleated peripberal blood leukocytes (lane 1), L428 (lane 2),
and L540 (lane 3) were probed with the TNF-a-specific cDNA
Dprobe(a), with the beta actin cDNA probe (b), and with the lym-
photoxin cDNA probe (c).

onstration of intracellular specific mRNA using specific
cDNA clones.

Northern blot analysis of total cellular RNA prepared
from routinely maintained cell cultures of L428 and L540
gave strong hybridization signals close to the position of
18S rRNA consistent with the presence of TNF-a mRNA,
which is 1.67 kb (Figure 2a), and consistent with the pres-
ence of lymphotoxin mRNA, which is 1.33 kb (Figure 2c).
A weak signal of equivalent size was seen with both
probes with mRNA prepared from peripheral blood mono-
nuclear cells. Hybridization with a probe specific for beta-
actin gave hybridization signals of equivalent intensity
with all mRNA preparations (Figure 2b).

In addition, we were able to conduct in situ hybridiza-
tion studies with the TNF-a cDNA probe. Zamboni's fixed
cytocentrifuge preparations of L428 and L540 (Figures
3a, b) gave a positive granular cytoplasmic signal when
hybridized with the specific TNF-a probe. The intensity of
the hybridization reaction varied between individual cells.

Reactivity was absent in cell preparations hybridized with
the control plasmid PGEM2 (Figure 3c).

Tissue Biopsy Studies

In a preliminary set of experiments 10 different frozen HD
tissue biopsies were immunostained with the antibody
TNF-E specific for TNF-a and LTX-21 specific for lympho-
toxin. In three cases TNF-a positive H&RS cells were seen
(Figure 4a). Immunostaining with anti-lymphotoxin could
not be evaluated due to the large amount of immunoreac-
tive material present in these sections.

A further eight different HD biopsies were investigated
using an oligonucleotide-based in situ hybridization tech-
nique developed for use in formalin-fixed paraffin-embed-
ded tissue. In six of these cases a strong cytoplasmic
signal was seen with the specific probe cocktail for TNF-
« (Figure 4b). The anti-complementary control oligonucle-
otides were negative (Figure 4c). The positive signal was
sensitive to RNAse digestion.

Discussion

The aim of the present study was to investigate the work-
ing hypothesis originally proposed by Newcom and
O'Rourke* and by Ford et al° that the histologic pattern
characteristic of HD may be caused by cytokine produc-
tion by H&RS cells. In this study we concentrated on in-
vestigations on the role of the pleotropic cytokines TNF-
« and lymphotoxin as possible pathophysiologic media-
tors in HD because these cytokines are regarded to be of
central importance in cytokine interactions.

TNF-a and lymphotoxin have been variously shown
to enhance the proliferation of T cells,” modulate T-cell
receptor expression,® enhance natural killer cell activ-
ity, 23 and to modulate human B-cell function.®' With
regard to inflammation, both cytokines have a marked
effect on neutrophil® and eosinophil recruitment, macro-
phage activation,®* and endothelial cell/leukocyte interac-
tions.'35% Stimulation of fibroblast growth is also well
documented. These cytokines also act synergistically
as part of the cytokine cascade and regulate prostaglan-
din production.'®¥-3 |n HD the reactive tissue compo-
nent is large and contains many activated neutrophils,
macrophages, lymphocytes, and eosinophils.'® Further-
more the nodular sclerosis form of HD (NS) is character-
ized by extensive fibroblast proliferation.’* The low fre-
quency and consequent difficulty in extraction and purifi-
cation of neoplastic cells from HD tissue biopsies
complicates the direct investigation of cytokine produc-
tion by HD tumor cells.



Figure 3. Immunoenzymatic detection of
in situ hybridization reaction for TNF-a in
Hodgkin'’s disease-derived cell lines L428
and L540. a: L428 bybridized with TNF-a-
specific cDNA probe. b: L540 hybridized
with TNF-a cDNA probe. ¢: L540 bybridized
with the control plasmid PGEM2. The con-
trol bybridization with L428 was also nega-
tive.
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Figure 4. Demonstration of TNF-a in Hodg-
kin’s disease tissue biopsies at the product
(a) and the mRNA (b) level. a: APAAP stain-
ing of a frozen section with anti-TNF-a—
specific antibody. b: Formalin-fixed par-
affin section of Hodgkin's disease biopsy by-
bridized with TNF-a-specific oligonucleo-
tides. c: Formalin-fixed paraffin section of
Hodgkin's disease biopsy bybridized with
the anticomplimentary control oligonucle-
otide.



The development of cell lines from HD patients with
phenotypic and genotypic characteristics, which parallel
those described for H&RS cells,®® enables initial investi-
gations to be conducted on stable models of the tumor-
cell population.

Our results demonstrate that both L428 and L540 syn-
thesize TNF-a and lymphotoxin. At the mRNA level TNF-
a and lymphotoxin gene expression was seen in both cell
lines with Northern blot analysis. The size of the hybrid-
ized mRNA was the same as described for TNF-a'” and
lymphotoxin,? respectively. The quantity of mRNA pres-
ent in the lanes illustrated in Figure 2 is equivalent, as is
shown by the beta-actin hybridization (Figure 2b). The
weak signal with both cytokine probes seen with periph-
eral blood mononuclear cell mRNA presumably repre-
sents low levels of activation of this population during
preparation.

The detection of cytokines at the level of protein is im-
portant, as at least the TNF-a gene transcription is not
necessarily followed by translation.'® Immunostaining of
L428 and L540 with antibodies against TNF-a and lym-
photoxin showed fine granular cytoplasmic and pro-
nounced Golgi reactivity. Both reagents have been
shown previously to have exclusive specificity for the indi-
vidual cytokines." Furthermore ELISA for TNF-a shows
the presence of immunoreactive protein in cell lysates as
well as in supernatants of both cell lines investigated.
Thus in this study both cytokines could be demonstrated
at the level of protein.

With regard to biologic reactivity, cytotoxic activity was
present only in L428 supernatants, which could not be
inhibited by an antiserum against TNF-«, but was inhibited
by 60% with a monoclonal anti-lymphotoxin antibody.
This demonstrates that at least part of the cytotoxic reac-
tivity measured in L428 supernatants is caused by lym-
photoxin. The remaining activity and the failure of the anti-
TNF-a reagent to block may be due either to the produc-
tion of an abnormal protein not bound by the antibodies
used in this study or to another cytotoxic mediator as yet
unidentified. In this respect Newcom et al*' have de-
scribed a transforming growth factor (TGF)-like activity in
L428 cells, which does not show the characteristic molec-
ular weight described for TGF. The absence of measur-
able cytotoxic activity in L540 supernatants in the pres-
ence of a positive ELISA result may also indicate the pro-
duction of abnormal and/or unusual protein products.

Taken together, we conclude that our data clearly
demonstrate the transcription, translation, and export of
TNF-a and lymphotoxin in cultured HD-derived cell lines.

We do not suggest that TNF-a is the only cytokine pro-
duced in HD. Apart from early studies,***>-** which pre-
date specific antibodies and/or gene probes, and must
therefore be interpreted with caution, other data exist in
the literature, which suggest that cultured HD cells may
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produce cytokines. The TGF-like activity described by
Newcom et al*' has been proposed as a factor responsi-
ble for sclerosis in NS HD and may also modulate IL-2
receptor expression and act as an immunoregulator.*%4!
As cytokines clearly interact in the generation of a com-
plex tissue pathology, we do not think that these data con-
flict with our observations on TNF-« and lymphotoxin.

Ellis et al*® have shown that L428 exhibits marked ac-
cessory cell activity for CD3-driven T-cell proliferation and
CD3-dependent production of IL-2 by Jurkat cells. These
authors exclude the possibility that the genes for either IL-
1-a or IL-1-8 are transcribed by L428 cells in both func-
tional and molecular biologic investigations. It is known
that TNF-a can substitute for IL-1 in the mouse thymocyte
proliferation assay.? It is therefore possible that TNF-o
represents the IL-1-independent accessory cell activity of
L428 cells described by Ellis et al.*®

In view of the fact that TNF-a and lymphotoxin are
known to be functionally active in the cyclooxygenase
pathway® and at least TNF-a is a known potentiator of
prostaglandin synthesis, ' their production by two HD-de-
rived cell lines is particularly interesting with regard to the
elevated prostaglandin E; levels, which occur in HD pa-
tients.*

Clearly in vitro studies may not reflect the situation in
vivo. Therefore we include preliminary investigations relat-
ing to cytokine content of H&RS cells in HD biopsy tissue.
Initially we have established an oligonucleotide-based in
situ hybridization method for the demonstration of TNF-
a mMRNA in formalin-fixed paraffin-embedded HD biopsy
material.

In all cases in which mRNA preservation could be dem-
onstrated by poly dT hybridization an RNAse-digestible
TNF-a mRNA signal was present, whereas hybridization
with the TNF-a sense control probes was consistently
negative. These data in tissue parallel our results with sul-
phonated TNF-a-specific probes in L428 and L540. Fur-
thermore immunostaining in frozen sections with the anti-
body TNF-E demonstrated positive H&RS cells. Thus, at
least for TNF-a, we present evidence that our cell-line data
are relevant to the in vivo situation in HD.

The data presented in this study coupled with earlier
publications*54%-5 are consistent with the hypothesis that
cytokine production by H&RS cells contribute greatly to
the complex histotopographic pattern seen in HD. Further
studies are needed to correlate the production of individ-
ual cytokines to the different histologic subtypes of HD.
As a first step in this direction a more detailed analysis of
the production of TNF-a and lymphotoxin in a large num-
ber of HD patients’ biopsies is now under way.

References

1. Jones DB: The histogenesis of the Reed-Sternberg cell and
its mononuclear counterparts. J Pathol 1987, 151:191-195



350

Kretschmer et al

AJP August 1990, Vol. 137, No. 2

2.

10.

12.

13.

14.

15.

16.

Stein H, Gerdes J: Phenotypical and genotypical marker in
malignant lymphomas: Cellular origin of Hodgkin and Stern-
berg-Reed cells and implications on the classification of T-
cell and B-cell lymphomas. Verh Dtsch Ges Path 1986, 70:
127-151

. Kadin ME: Commentary, A reappraisal of the Reed-Stern-

berg cell. Blood Cells 1980, 6:525-532

. Newcom SR, O'Rourke L: Potentiation of fibroblast growth

by nodular sclerosing Hodgkin's disease cell cultures. Blood
1982, 60:228-237

. Ford RJ, Mehta S, Davis F, Maizel AL: Growth factors in

Hodgkin's disease. Cancer Treatment Reports 1982, 66:
633-638

. Diehl V, Kirchner HH, Schaadt M, Fonatsch C, Stein H,

Gerdes J, Boie C: Hodgkin's disease: Establishment and
characterization of four in vitro cell lines. J Cancer Res Clin
Oncol 1981, 101:111-124

. Jones DB, Furley AJW, Gerdes J, Greaves MF, Stein H,

Wright DH: Phenotypic and genotypic analysis of two cell
lines derived from Hodgkin's disease tissue biopsies. /In
Diehl V, Pfreundschuh M, eds. Recent Results in Cancer Re-
search, 1989, 117:62-66

. Herbst H, Tippelmann G, Anagnostopoulos |, Gerdes J,

Schwarting R, Boehm T, Pileri S, Jones DB, Stein H: Immuno-
globulin and T-cell receptor gene rearrangements in Hodg-
kin's disease and Ki-1 positive anaplastic large cell lym-
phoma: Dissociation between phenotype and genotype.
Leukemia Res 1989, 13:103-116

. Drexler HG, Jones DB, Diehl V, Minowada J: Is the Hodgkin

cell a T- or B-lymphocyte? Recent evidence from geno- and
immunophenotypic analysis and in-vitro cell lines. Hematol
Oncol 1989, 7:95-113

Bendtzen K: Interleukin 1, interleukin 6 and tumor necrosis
factor in infection, inflalmmation and immunity. Immunol Lett
1988, 19:183-192

. Sugarman BJ, Aggarwal BB, Hass PE, Figari IS, Palladino

Jr. MA, Shepard HM: Recombinant human tumor necrosis
factor-a: Effects on proliferation of normal and transformed
cells in vitro. Science 1985, 230:943-945.

Cordell JL, Falini B, Erber WN, Ghosh AK, Abdulaziz Z, Mac-
donald S, Pulford KAF, Stein H, Mason DY: Immunoenzy-
matic labeling of monoclonal antibodies using immune com-
plexes of alkaline phosphatase and monoclonal anti-alkaline
phosphatase (APAAP complexes). J Histochem Cytochem
1984, 32:219-229

Stein H, Gatter KG, Asbahr H, Mason DY: Methods in labora-
tory investigation: Use of freeze-dried paraffin-embedded
sections for immunohistologic staining with monoclonal anti-
bodies. Lab Invest 1985, 52:676-683

Bringman TS, Aggarwal BB: Monoclonal antibodies to hu-
man tumor necrosis factors a and beta: Application for
affinity purification, immunoassays, and as structural probes.
Hybridoma 1987, 6:489-507

Stefani M, DeMartino C, Zamboni L: Fixation of ejaculated
spermatozoa for electron microscopy. Nature 1967, 216:
173-174

Budowsky El, Sverdlov ED, Monastyrskaya GS: New
method of selective and rapid modification of the cytidine
residues. FEBS Lett 1972, 25:201-204

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Pennica D, Nedwin GE, Hayflick JS, Seeburg PH, Derynck R,
Palladino MA, Kohr WJ, Aggarwal BB, Goeddel DV: Human
tumour necrosis factor: Precursor structure, expression and
homology to lymphotoxin. Nature 1984, 312:724-729

Deng GR, Wu R: An improved procedure for utilizing Termi-
nal Transferase to add homopolymers to the 3’ termini of
DNA. Nucleic Acids Research 1981, 9:16

Pringle JH, Homer CE, Warford A, Kendall CH, Lauder I: In
situ hybridization: Alkaline phosphatase visualization of bio-
tinylated probes in cryostat and paraffin sections. Histochem
1987, 19:488-496

Gray PW, Aggarwal BB, Benton CV, Bringman TS, Henzel
WJ, Jarrett JA, Leung DW, Moffat B, Ng P, Svedersky LP,
Palladino MA, Nedwin GE: Cloning and expression of cDNA
for human lymphotoxin, a lymphokine with tumour necrosis
activity. Nature 1984, 312:721-724

Cleveland DW, Lopata MA, MacDonald RJ, Cowan NJ, Rut-
ter WJ, Kirschner MW: Number and evolutionary conserva-
tion of a- and B-tubulin and cytoplasmic 8- and y-actin
genes using specific cloned cDNA probes. Cell 1980, 20:
95-105

Chirgwin JM, Przybyla AE, MacDonald RJ, Rutter WJ: Isola-
tion of biologically active ribonucleic acid from sources en-
riched in ribonuclease. Biochemistry 1979, 18:5294-5299
Feinberg AP, Vogelstein B: A technique for radiolabeling
DNA restriction endonuclease fragments to high specific ac-
tivity. Anal Biochem 1983, 132:6-13

Meager A, Leung H, Woolley J: Assays for tumour necrosis
factor and related cytokines. J Immunol Meth 1989, 116:1-
17

Ruff MR, Gifford GE: Purification and physico-chemical char-
acterization of rabbit tumor necrosis factor. J Immunol 1980,
125:1671-1677

Mosmann T: Rapid colorimetric assay for cellular growth and
survival: Application to proliferation and cytotoxicity assays.
JImmunol Meth 1983, 65:55-63

Hurme M: Both interleukin 1 and tumor necrosis factor en-
hance thymocyte proliferation. Eur J Immunol 1988, 18:
1303-1306

Scheurich P, Thoma B, Ucer U, Pfizenmaier K: Immunoregu-
latory activity of recombinant human tumor necrosis factor
(TNF)-e: Induction of TNF receptors on human T cells and
TNF-a-mediated enhancement of T cell responses. J Immu-
nol 1987, 138:1786-1790

Ostensen ME, Thiele DL, Lipsky PE: Tumor necrosis factor-
a enhances cytolytic activity of human natural killer cells. J
Immunol 1987, 138:4185-4191

Wright SC, Bonavida B: Studies on the mechanism of natural
killer cell-mediated cytotoxicity. VII. Functional comparison
of human natural killer cytotoxic factors with recombinant
lymphotoxin and tumor necrosis factor. J Immunol 1987,
138:1791-1798

Kehrl JH, Miller A, Fauci AS: Effect of tumor necrosis factor
a on mitogen-activated human B cells. J Exp Med 1987,
166:786-791

Powell MB, Conta BS, Ruddle NH: The differential inhibitory
effect of lymphotoxin and immune interferon on normal and
malignant lymphoid cells. Lymphokine Res 1985, 4:13-26



34.

35.

36.

37.

38.

39.

40.

. Perussia B, Kobayashi M, Rossi ME, Anegon |, Trinchieri G:

Immune interferon enhances function properties of human
granulocytes: Role of Fc receptor and effect of lymphotoxin
tumor necrosis factor, and granulocyte-macrophage colony
stimulating factor. J Immunol 1987, 138:765-774

Chang RJ, Lee SH: Effects of interferon-y and tumor necro-
sis factor-a on the expression of an la antigen on a murine
macrophage cell line. J Immunol 1986, 137:2853-2856
Freudenberg N, Joh K, Westpha!l O, Mittermayer CH, Freu-
denberg HA, Galanos CH: Haemorrhagic tumour necrosis
following endotoxin administration. |. Communication: Mor-
phological investigation on endotoxin-induced necrosis of
the methylcholanthrene (Meth A) tumour in the mouse. Vir-
chows Arch (A) 1984, 403:377-389

Pober JS, Lapierre LA, Stolpen AH, Brock TA, Springer TA,
Fiers W, Bevilacqua MP, Mendrick DL, Gimbrone MA: Acti-
vation of cultured human endothelial cells by recombinant
lymphotoxin: Comparison with tumor necrosis factor and in-
terleukin 1 species. J Immunol 1987, 138:3319-3324
Ruggiero V, Baglioni C: Synergistic anti-proliferative activity
of interleukin 1 and tumor necrosis factor. J Immunol 1987,
138:661-663

Last-Barney K, Homon CA, Faanes RB, Merluzzi VJ: Syner-
gistic and overlapping activities of tumor necrosis factor-a
and IL-1. J Immunol 1988, 141:527-530

Paul NL, Ruddie NH: Lymphotoxin. Ann Rev Immunol 1988,
6:407-438

Newcom SR, Kadin ME, Ansari AA: Production of transform-
ing growth factor-beta activity by Ki-1 positive lymphoma
cells and analysis of its role in the regulation of Ki-1 positive
lymphoma growth. Am J Pathol 1988, 131:569-577

41.

42.

43.

44,

45.

46.

TNF-a and Lymphotoxin in Hodgkin’s Disease 351
AJP August 1990, Vol. 137, No. 2

Newcom SR, Kadin ME, Ansari AA, Diehl V: L-428 nodular
sclerosing Hodgkin's cell secretes a unique transforming
growth factor-beta active at physiologic pH. J Clin Invest
1988, 82:1915-1921

Burrichter H, Heit W, Schaadt M, Kirchner H, Diehl V: Produc-
tion of colony-stimulating factors by Hodgkin cell lines. Int J
Cancer 1983, 31:269-274

Fisher R, Bostick-Bruton F, Sauder DN, Scala G, Diehl V:
Neoplastic cells obtained from Hodgkin's disease are potent
stimulators of human primary mixed lymphocyte cultures. J
Immunol 1983, 130:2666-2670

Kortmann C, Burrichter H, Monner D, Jahn G, Diehl V, Peter
HH: Interleukin-1-like activity constitutively generated by
Hodgkin derived cell lines. |. Measurement in a human lym-
phocyte co-stimulator assay. Immunobiol 1984, 166:318-
333

Ellis TM, McMannis JD, Chua AO, Gubler U, Fisher Rl: Inter-
leukin 1-independent activation of human T-lymphocytes
stimulated by anti-CD 3 and a Hodgkin’s disease cell line
with accessory cell activity. Cell Immunol 1988, 116:352-
366

Goodwin JS, Messner RP, Bankhurst AD: Prostaglandin pro-
ducing suppressor cells in Hodgkin's disease. N Engl J Med
1977, 297:963-968

Acknowledgments

The authors thank Angelika Zachrau, Claudia Wohlenberg, and
Bettina Baron for technical assistance, and Reni Hinz for typing
the manuscript.



