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Complement Synthesis Influencing Factors Produced
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In a previous study, we found hypercomplemen-
taemia in the sera of acute myeloid leukemia pa-
tients. In this study we show that the supernatants
of mononuclear cells, derived from peripheral
blood taken in the blastic phase, from patients with
acute myeloid leukemia (CM-AML) increased the
in vitro complement protein synthesis of HepG2 he-
patocellular carcinoma cells. This effect of CM-AML
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was mediated by heat labile soluble factors and
involved the synthesis of mRNA and protein. Inhi-
bition experiments with anti-cytokine antibodies
and immunoaffinity chromatography revealed that
this effect of CM-AML is mostly mediated by IL-1
and IL-6. (Pathology Oncology Research Vol 1, Nol,
54-59, 1995)

b. I1.-2, 1L-6, TNF

Introduction

Hypercomplementaemia, or the elevation of the levels
of over-all haemolytic activity of complement pathways
and/or levels of complement components, above the upper
limit of normal values, is frequently observed in malignant
diseases.”™

In a previous study we have carried out measurements
of complement activity in patients with acute myeloid leu-
kemia (AML) and found that both the classical and the
alternative pathway showed increased haemolytic activity
and the hacmolytic C4 titer and the serum level of C3 and
factor B components were also increased as compared to
those parameters in healthy blood donors .7 In the sera of
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Abbreviations: IL-1-: interleukin-1-beta: 11.-2: interleukin-2; 11.-6:
Interleukin-6; TNI: tumor necrosis factor; C2: complement lactor
2; C3: complement factor 3; C4: complement factor 4, C1-INH: C1-
esterase inhibitor; AML: acute myeloid leukemin; CM-AML:
conditioned medium of mononuclear cells derived from the blood
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acute leukemia patients, taken in the blastic phase, the
haemolytic activity of the classical pathway and the level
of factor B was significantly elevated compared to those
parameters in remission.

As we have shown earlier® AML tumor cells produce
lactors thal can increase complement protein synthesis by
monocytes and cells of hepatocyte origin in vitro. In mo-
nocyte cultures the conditioned media of acute myeloid
leukemia blast cells (CM-AML) increased C2 and factor B
levels and decreased that of Cl-esterase inhibitor (Cl-
INH). This study also shows that CM-AML increased
factor B synthesis both at mRNA and protein level in
HepG2 hepatoceilular carcinoma cells. The complement
synthesis enhancing potential of the supernatant of AML
blast cells has also been demonstrated on fibroblasts: it
substantially increased the factor B synthesis as measured
by biosynthetic labelling, it did not alfect, however. the
production of CI1-INH.”

The main source of the synthesis of compiement pro-
teins in the human body are the hepatocytes of the liver,"
therefore we chose a well established hepatic cell line,
HepG2'' as a test system to further characterise the fac-
tor(s) produced by AML blasts. Here we report, that the
factor B production increasing effect of CM-AML invol-
ves the synthesis of new mRNA uand protein molecules
and is mediated mostly by 11.-1 and 1L-6 released by the
mononuclear cells of AML patients.
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Materials and Methods
Reagents

Rabbit anti human C4 [gG was obtained from DAKO
(Glostrup. Denmark): goat anti human factor B. C1-INH and
C3 1gG and Calibrator 4 from Atlantic Antibodies (Stllwa-
ter. MN, USA). Heparin trom Richter (Budapest. Hungary).
HEPES. Cycloheximide. actinomycin D. amphotericin B and
peroxidase labeled streptavidin were purchased trom Sigmau
{St Louis. MO. USA). RPMI 1640 powder, FBS, glutamine
and trypsin-EDTA from Flow Laboratories (Irvine, Scot-
land). Kanamycin from Serva (Heidelberg. Germany). Ficoll
and CNBr activated Sepharose 4B from Pharmacia (Uppsala.
Sweden). Uromiro 75% (rom Bracco (Milano. Taly).

Preparation of conditioned media

Heparinized (5 U/mly peripheral blood was taken with
informed consent from three treshly diagnosed patients with
acute myeloid leukemia (AML) 1 the Taematology De-
partment of our Institute during the overt leukemic phase.
when more than 90% of the cells in the periphery were
wmor cells. According to FAB classilication. paticms K. F.
and P belonged 1o class M2, M4, and M5, respectively.
Diugnosis was established on the basis of morphology.
cytochemistry and surface markers. Mononuclear cells were
separated by the stundard Ficoll-Uromiro method (r=1.077
g/emr). washed three tines with RPMI 1640, and then after
adjusting the cell count to 10%ml they were cultured in
RPMI 1640 containing 24 mM NaHCO, and 20 mM
HEPES. supplemented with 10% heat inactivated letal bo-
vine serum, glutamine, 20 ug/ml kanamycin and 2.5 pg/ml
amphotericin B (referred below as culture medium) tor three
days at 37°C. Mononuclear cells [rom patient K were cultur-
ed in RPMI-1640. glutamine. antibiotics. The Jack of serum
proteins apparently did not influence the viability of cells.
Then supernatants were harvested on the third day. centri-
fuged. sterite filtered (Minisart 0.22 m, Surtorius. Gocettin-
cen. Germany) and stored in aliquots at -20°C until used.,

Conditioned media of the peripheral blood mononuclear
cells of healthy adults (CM-PBMNC) were obtained und
processed the same manner as CM-AML.

Cell caltives used for measurenent of complemenr
production

The hunan hepatoblastoma cell line. TepG2.' waa indiii-
tained in RPMI 1640 containing 24 mM NallCO, and 20
mM HEPES. supplemented with 10% heat inactivated FBS.
2 mM Glutamine, 20 pg/ml kanamycin and 2.5 pg/ml
amphotericin B and kept at 37°C in 5% CO,. in 250 cm”
culture tlasks (Greiner, Frickenhausen, Germany).

For the experiments. cells were trypsinized and 200 ul cell
suspension was seeded into the wells of 96-well tissue cul-
ture plate (Becton Dickinson, Lincoln Park, NJ, USA) ul a
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density of 2-3 x 107 cells per ml. Cultures were treated on the
next day with CM-AMLs (1:2 dilution with raw culture
medium) for 24 hours then supernatants harvested and stored
at-20°C until tested for the level of complement proteins.

In the case of long term experiments. cells were washed
twice with culture medium at the end of the first 24 hrs
culture period and then cultured for further 24 hrs and
supernatants were then harvested.

Culwres were inspected before and at the termination of
experiments through un inverted light microscope.

Assay of complement proteins

Factor B. C1-INH. C3 and C4 concentrations in the super-
natants of HepG2 cultures were measured by double poly-
clonal sandwich ELISA. Brieflv. tlat bottomed 96 well
microliter plates (Greiner) were couted by the respective
antibody preparation (1eG fraction). blocked then standard
serial dilutions of Calibrator 4) and the samples were ap-
plicd on the plate. The captured antigen was detected by the
same antibody labeled with horse radish peroxidase. In the
case of CI-INH biotnylated antibody and streptavidin-
peroxidase conjugate wus used. The colorigenic reaction
was performed with TMB/urcaperoxide or OPD/ureaper-
oxide substrate tmeasured at 430 nm/620 nm or 492 nm/620
nm. respectively, on an Anthos 11 ELISA plate readery. The
detection limit of the tests were 2 ng/mil for fuctor B, 100
pe/mlfor CI-INH. 10 ng/ml for C3 and 2 ng/mi tfor C4.

Heat inactivaiion of CM-AMLy

Aliquots of CM-AMLs were submerged in boiling water
tor 10 minutes. the spun down, sterile filtered and diluted
o 1:2 with culture medium and added 1o HepG2 culwres
with suitable controls.

Cytokine infiibition experiments

Anti-cytokine antisera or purified IgG antibodics were
added to CM-AMLs. incubated for 30 minutes at 37°C
then brought to HepG2 cell cultures. Supernatants were
harvested next day and lactor B levels determined.

Anti-cytokine antisera or antibodics were Kindly provided
or purchased as follows: rabbit anti-human interleukin-2 1gG
(<lug/ml neutralises 1 U/ml IL-2 in biological assay. |
mg/ml. used in 1:100) (Boehringer Mannheim); mouse mo-
noclonal anti-human interleukin-6 1gG 20 py neutralises | U
IL-6 in biological assay, I mg/ml, used in 1:10,000) (Bio-
source International); goat anti-human  interleukin-1-beta
[¢G (10 ug/ml neutralises 50 pg/ml [L-1- in biological assay.
I mg/ml. used in 1:1000) (British Biotechnology): rabbil
anti-human tumor necrosis factor antiserum (10,000 neutrali-
sing U/ml used in 1:1000). Immunogenetics: anti-TNF
rabbit antiserum, (Dr Michael Kirsehfink. Johannes Guten-
berg Universitiit, Heidelberg, Germany:) rabbit anti-human
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TNF IgG (70.000 ncutralising U/ml, used 1:100), (Dr Ernd
Duda, Biological Research Center, Szeged, Hungary:) rabbit
anti-1L-6 antiserum, (Dr Andrds Falus, Semmelweis Medical
University, Budapest, Hungary.)

Affiniry chromatography of CM-AMLs

Anti-cytokine antibodies were coupled to CNBr activated
Sepharose 4B beads using the standard method recommend-
ed by the manufacturer. Gels were transferred into Biospin
chromatography columns (BioRad) and extensively washed
with 3.5 M MgCl,, 100 mM phosphate buffered saline (pH
7.4y and culture medium, then CM-AML was applicd. Columns
were centrifuged with approximately 100 g for 10 seconds
following each step. After the adsorption step CM-AMLs
were sterile filtered and diluted to 1:2 with culture medium.

Statistical analysis of data was performed with St
dent’s t test using u commerciul statistical software
(STATGRAFICS, STSC. Inc., Rockville, MD, USA).

Results

The effect of CM-AMLs on complement component pro-
duction by HepG2 cells

Incubation of HepG?2 cells with CM-AMLs (diluted 1:2)
resulted in marked elevation in factor B and CI1-INH con-
centrations in the culture supernatants (Table 7). The

Table 1. The effect of CM-AMLs on complement compo-
nent production by HepG2 cells

Ist 24hrs CM-AML K CM-AMLF CM-AML P
FactorB - 728 +9.1 57.9+17.0 443 +33

+ 126.6 £ 30.9* 150.3 £ 58.8* 155.5 +21.8*
C3 - 5946 +98.1 576.2 +59.0 470.6 +119.9

+ 5171+ 495 N5 611.8 +93.7NS 607.7 + 169.9 NS
C4 - 1146 +6.2 113.8+9.3 96.4+17.8

1194 £ 12,6 NS 133.8 £33.7*
302.0+£1014 ND
5429 +184.3* ND

+ 101.7 £ 13.1%
C1-INH - 4264+ 318
+ 557.0 £ 64.3*

2nd 24 hrs

FactorB — 52.8=+56 33.8+14.1 41.9+195

+ 85.5+13.4% 51.3+11.8% 70.0 £ 15.3*
3 - 334.0x752 321.6 £37.2 481.0 £93.0

+ 411.7 3777 4143 +204* 633.8 £ 96.5%
C4 - 89.0+11.6 898 +12.8 126.7 +36.0

+ 857+94NS 849+146NS 131.3+41.3NS
C1-INH - 4358 +44.8 292.7 +152.8 ND

+ 815.0 £ 245.0%  669.1 £396.5* ND

FepG2 cell cultures (-6 x 10" cells in 200 pl culture medium) estab-
lished on the previous day were treated overnight with CM-AMI s
(diluted 1:2 with culture medium and sterile filtered). Next day
supernatants were harvested and cells washed twice with culbure
medium then fresh medium was added to each well and cells were
cultured for an additional 24 hours (complement protein levels are
presented, mean  SD, data of two or three experiments, done in
duplicates or triplicates).

Doses: ng/ml for Factor B, C3 and C4; pg/ml for C1-INH

- medium control; + @ cultures treated with CM-AML, respective

* < 0.05; NS non significant; ND: not determined
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Figure 1. HepG2 cell cultures established on the previous day
were treated with the supernatant of peripheral blood mononuc-
lear cells of healthy voliiteers (CM-PBMNCs) and that of an
actite myeloid leukemia patient (CM-AML P) for 24 Irs. Super-
natants were then harvested and factor B levels determined.
Mean data of three independent experiments, each done in
duplicates.

[ Jevrpvnc sz

increased levels of factor B and C 1-1NH persisted even after
the removal of CM-AMLs: the effect of CM-AML on Cl1-
INH level in the second 24 hrs seemed to be more prono-
unced than the effect exerted on factor B level. Changes in
the amounts of C4 released were not consequent for all CM-
AMLs in the first 24 hrs and no effect was found after the
removal of CM-AMLs. Interestingly, we found a significant
increase as compared to the medium control in the level of
C3 after the removal of CM-AMLs, while no significant
effect was detected in the first 24 hrs.

CM-AMLs themselves contained low levels of all comple-
ment proteins tested (e.g. for factor B: CM-AML K and F
was below the detection limit, CM-AML. P 7.8 ng/ml).

Effect of control conditioned media

Culture supernatants of peripheral blood mononuclear
cells from healthy volunteers (CM-PBMNC) were obtained
exactly the same manner as the CM-AMLs and tested for
their ability of stimulating tactor B release by HepG2 cells.
No effect of CM-PBMNCs on the factor B production by
HepG2 was observed (Fig./). CM PBMNC L. SZ and H
contained 8.6, 6.0 and 5.0 ng/mi fuctor B, respectively.

Heat inactivation of CM-AM1Ls

CM-AMLs were exposed to 100°C for ten minutes, then
sterile filtered, diluted to 1:2 and added to HepG2 cultures.
Heal treatment of CM-AMLs resulted in the complete loss
ol activity as assessed by the factor B production of
HepG2 cells (Fig.2).

PATHOLOGY ONCOLOGY RESEARCH
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Figure 2. HepG2 cell cultures established on the previous day
were treated overnight with CM-AMLs and the same CM-
AMLs subjected to heat treatment. Supernatants were collected
next day and factor B levels determined. Mean of three experi-
ments. * p < 0.01 heat treated vs not treated

M-AML 100 "C 10°

Inhibition of the effect of CM-AMLs with mRNA and pro-
tein synthesis inhibitors

HepG2 cultures were treated with CM-AMLs containing
mRNA synthesis inhibitor actinomycin D (0.01-0.05 mg/ml,
7.9 nM-0.4 mM) or protein synthesis inhibitor cyclohexi-
mide (0.1-0.5 mg/ml, 0.4-1.8 mM) and suitable controls for
24 hours. The addition of these inhibitors to CM-AMLs
markedly reduced the factor B production stimulating effect
of all conditioned media (Fig.3.).

The effect of the addition of anti-cytokine antibodies on the
Sfuctor B production stimulating activity of CM-AMLs

HepG2 cultures were treated for 24 hrs with CM-
AMLs containing anti-cytokine antisera or antibodies in
dilutions indicated in Materials and Mecthods and factor
B levels in the culture supernatants were determined
{Table 2). The addition of anti-lL-1 or anti-IL-6 anti-
bodies markedly reduced the activity of CM-AMLs. The
concomitant addition of both antibodies resulted in fur-
ther inhibition in the case of CM-AML F. The addition
of anti-IL-2 did not significantly influence the effect of
CM-AMLs on factor B synthesis by HepG2 cells. The
experiments with anti-TNF antibodies and antisera did
not give clear-cut results. In part of the experiments the
addition of anti-TNF antibodics/antiscrum resulted in
marked inhibition of factor B stimulation, but this effect
could not be consistently demonstrated. None of the anti-
cytokine antisera or antibodies alone (diluted to the same
concentration in culture medium) had remarkable effects
on lactor B levels in HepG2 cultures and they did not
interfere with the factor B assay.
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Table 2. Modulation of the effect of CM-AMLs with the
addition of anti-cytokine antibodies or antiserum

CM-AML K CM-AMLF CM-AMLP
none 55.5+234 1201 +87.8 146.5+8.3
+ olL-1-B 10.6 +9.7* 50.7 £27.3 74.1 +15.9*
none 55.5+234 1200 £87.5 1404 £209
+ ollL-2 458 +28.2 1216866 100.7 318
none 51.0+18.5 109.3 +69.0 146.5+8.3
+oll-6 4.6+097% 378+244 1129+233*
HoMe 66.1 £7.6 1618763 140.3x20.7
+ aTNF 56.7 +27.0 992 +658 130.1+22.7
none 51.0£185 1093 +£69.0 1525109
+ alL-1-B
& ol-6 5.7 £15.0% 219+15.6* 850428

Hep(2 cells were incubated with CM-AML containing anti-cytokine
antibodies or antiserum and suitable controls for 24 hours, then
supernatants were harvested and factor B level determined. Data are
presented as elevation in factor B level corrected with medium
control, [ng/ml], mean of three experiments + SD.

*p«<0.05

Removal of cytokines from CM-AMLs by affinity
chromatography

CM-AMLs were passed through Sepharose 4B columns
to which anti-cytokine antibodies were coupled, then
transferred to HepG2 cultures. The removal of IL-1 and
that of IL-6 resulted in well-measurable inhibition of the
activity of CM-AMLs. The removal of IL-2 did not influ-
ence the effect of CM-AMLs, whereas equivocal results
were obtained in the case of TNF (Table 3).

Discussion

We have shown in a cell line of hepatocellular origin
that the conditioned media of acute myeloid leukemia
blast cells markedly stimulated the production of factor B

Table 3. Modulation of the effect of CM-AMLs by im-
munoaffinity chromatography

CM-AMLF CM-AML P
non treated 114.4 + 38.6 149.1 + 58.8
+IL-1-B 73.7 +229 108.5 + 63.6
non treated 114.4 £ 38.6 130.6 £ 65.8
+1L-2 109.7 +55.2 115.6 £65.0
non treated 126.8 £ 35.7 1554 +48.5
+ IL-6 499 + 19.0* 101.6 +38.8
iton treiated 1144 138.6 1554 +48.5
+ TNF 99.0 + 39.6 127.2+51.7

Aliquots of CM-AMLs F and I’ were passed through Sepharose 4B
columns with the appropriate anti-cytokine antibodies bound to the
matrix. CM-AMIL.s were then sterile filtered, diluted to 1:2 with
culture medium and transferred to 11epG2 cultures with suitable
controls. Supernatants were harvested next day and factor B level
determined. Data are presented as elevation in factor B level correct-
ed with medium control [ng/mll, mean SD. Data of two or three
experiments, done in duplicates or triplicates.

P <005
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and causced only minor changes in that of C3 and C4. This
is in accordance with our previous inovive results. that
serum factor B levels in patients with acute leukemia

showed a most significant inerease as compared to that of

controls. while Tevels in remission were not different from
control values. Factor B levels showed connection with
blast cell number in the periphery i as much as they return-
cd to normal after successtul chemotherapy. CM-AMI s
also markedly stimulated the production of CLINH by
HepG2 ceells.

The release ol these Tactors by mononuclear cells of

AML patients is most probably not due 10 bacterial endo-

toxin (LPS) contamination. since the conditioned mediu of

Factor B {ng/ml]
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Ocontrol Ccontarcve eveas Ilovi-am coc
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Figures 3 a, b. Modulation of the effect of CM-AMLs by
translation and transcription inhibitors. HepG2 cultures
treated overnight with CM-AMLs contuining cycloheximide
fabove) or actinomyein D (helow ). Supernatunts were then

harvested and Jactor B levels determined. Mean data of

three independent experiments, cacl done in duplicates. In
case of CM-AML. K mean of o experiments is presenied

peripheral blood mononuclear cells. obtained by the same
procedure as ONI-AMIL had no effect on the fevel of
fuctor B in HepG2 cultures.

The effect of CM-AMLs on the fuctor B producton by
HepG2 cells were due to heat labile Tactors and imvolved the
synthesis of new mRNA and protein molecules sinee it
could be inhihited by transeription and translation inhibitors,

Gel filtration experiments indicated that the molecular
masses of the complement production influencing fuctors
in CM-AML K are between 10 and 30 kD, The same
experiments revedled a0 tactor Bosynthesis increasing
component and o decreasing one tdata not shown),

AML tumor cells have heen shown (o synthesise a num-
ber of cviokines by several sroups'™ " and the high level
of some cytokines in the serw of AMLL patients has also
been documented.” Amongst the most readily detected
cvtokines released by AML blast cells are -1 11-20 116
and TNF.

IL-1 and H.-6 have been shown to have synergistic
stimulating eftect on fuctor B production in HepG2 cells
both at the mRNA and the protein level" TNE is also
capable of influencing the production of factor B and C3
by HepG2 cells.”

Using anti-cytokine antibodies or antisera. raised against
these cytokines. we have shown in the present study that
IL-1 and IL-6 play substantial roles in the i virro lactor B
production stimulating effect of the conditioned media of
acute myeloid leukemic blast cells. The removal of I1L-1 or
[L-6 from CM-AMLs by immunoaffinity chromatography
also confirmed that these tactors are present in these mye-
loid blast cell supernatants and they ure responsible for
most of the factor B synthesis simulating effect in HepG2
cell cultures.

Same kind of experiments revealed that 10L-2 is not
involved in the cffect of CM-AMI.s. The participation of
TNF in the factor B synthesis enhancing effect of the CM-
AMLs can not be excluded by our results. but most pro-
bably its role is secondary to [L-1 or [L-6.

The involvement of IL-1 in the proliferation of AML
blast cells have been conlirmed in several reports. the
addition of IL-1 stimulates the prolifcration o AML blasts
in virro™ and the blocking of IL-1 by antibodies or its
natural antagonist has an inhibitory role on AML blast
proliferation.' ™" IL-6 has becen shown to greatly enhance
the GM-CSF-dependent proliferation of the clonogenic
cells from scveral different patients.” Because of the
above mentioned synergistic eftect of [L-1 and 1L-6 on the
lactor B synthesis by HepG2 cells. a well cstablished
model system ol human hepatocytes, the serum factor B
level may well reflect the progression of leukemic blast
proliferation in AML patients. High level of factor B and
other complement proleins in turn may contribute to the
progression of leukemia since hypercomplementaemia
was found to be associated with poor prognosis of certain

Ee!

malignant discases.™

PATHOLOGY ONCOLOGY RESEARCH
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