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We have previously identified and cloned an alternatively spliced form of human inter-
leukin-6 mRNA lacking exon II, which encodes amino acid residues known to be impor-
tant in gp130-mediated signal transduction pathways. We expressed and purified the
recombinant protein (rlL6-alt) resulting from this alternatively spliced mRNA and now
report the initial characterization of its biologic activities with comparison to full length
IL6 (rIL6-full). riL6-alt was found to have 10  “to 10° fold less activity in proliferation assays
with 7TD1 murine plasmacytoma cells and did not competitively inhibit the stimulatory
activity of rIL6-full. In addition, like rIL6-full, rIL6-alt had antiproliferative activity toward
M1 murine myeloblast cells and was 10-200-fold less active than rIL6-full. In contrast, in
assays with human HL60 promyelocytic leukemia cells, riL6-alt had greater antiprolifer-
ative activity than rIL6-full and more strongly upregulated phagocytosis as well as sur-
face expression of the differentiation antigen CD11b. rIL6-full and rIL6-alt upregulated the
level of lysozyme mRNA in HL60 cells approximately equally. These findings suggest that
IL6-alt, which lacks amino acid residues encoded by the second exon of the gene, is not
a natural inhibitor of IL6-full but may be relatively tissue specific and may play a role in
modulation of hematopoietic cell growth and differentiation. Am. J. Hematol. 61:169-177,
1999.  © 1999 Wiley-Liss, Inc.
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INTRODUCTION cytokines in transducing intracellular signals, including
) ) ) i ) . IL11, LIF, oncostatin M, and ciliary neurotrophic factor
Interleukin 6 (IL6) is a multifunctional cytokine which 12].
has been shown to be involved in the control of prolif-" preyiously we have reported the detection of an alter-
eration and terminal differentiation of B-cells [1]. In ad'natively spliced form of human IL6 (IL6-alt) in periph-
dition, IL6 plays an important role in T-cell proliferationg g piood mononuclear cells by using reverse transcrip-

[1,2], the regulation of acute phase response proteins fy, polymerase chain reaction (RT/PCR) [13]. We have

hepatocytes [3], and in the growth of hematopoietic stefiyned and sequenced this mMRNA and found that it lacks

cells [1,4]. A significant body of evidence supports ILhe second exon and consists of a transcript that fuses the

as a growth factor in multiple myeloma [5] and this cysjrst exon in frame with the third exon of IL6. Because

tokine has also been associated with other disorders in-

cluding atherosclerosis [6], autoimmune diseases [7,8],

Athe|me_r's disease [9], and_ Kaposi's sarcoma [10]. Thﬂlis laboratory was supported by National Institutes of Health Grants

interleukin-6 molecule consists of a single polypeptideAs8205 and CA72591.

chain of approximately 22,000 Da molecular mass [1]. A _ .

dimer form of IL6 initiaIIy binds to a specific cell recep- Correspon_denc_e to: Dr. Daniel P. Kgstler, 412 Memorial Research
. . . Center, University of Tennessee Medical Center/Graduate School of

tor p80, which then as a complex interacts with gp130 fQf¢icine, Knoxville, TN 37920. E-mail: dkestler@utk.edu

high-affinity binding and signal transduction [11]. In ad-

dition to IL6, gp130 is known to be employed by otheReceived for publication 25 September 1998; Accepted 3 March 1999

© 1999 Wiley-Liss, Inc.



170 Kestler et al.
AMINO ACID SEQUENCE OF IL6 RECOMBINANT PROTEINS

{ EXONII H EXON I }
+1 10 20 30 40 50 60 70 80 90
rIL6-full: MA PVPPGEDSKDVAAPHRQPLTSSERIDKQIRYILDGISALRKE TCNKSNMCESSKEALAENNLNLPKMAEKDGCFQSGFNEETCLVKIITGLLEEF..............

rIL6-alt: M TCNKSNMCESSKEALAENNLNLPKMAEKDGCFQSGFNEETCLVKIITGLLEF..............

Fig. 1. Amino Acid Sequences of rIL6-full and rIL6-alt. In the rIL6-alt construct, amino acid residues +1-42 are deleted. Bold
letters represent residues that are not found in the native IL6 sequence but have been added as part of the expression
constructs. Only exons Il and Il are shown; exon IV encoding 49 amino acids and exon V encoding 55 amino acids (1) are
identical in both rIL6-full and rIL6-alt.

IL6-alt lacks the entire exon Il, which is known to encod®gCl,, 250 uM dNTPs, 0.8uM forward and reverse

a polypeptide region that interacts with the gp130 signptimers, and 60 U/ml Taq polymerase (Life Technolo-
transduction domain receptor complex, we postulatgies, Bethesda, MD) in a final reaction volume of o0
that IL6-alt might represent a natural inhibitor of IL6.PCR reactions were run for 25 cycles of 1 min denatur-
Alternatively, IL6-alt might have tissue-specific effectation at 90°C, 1 min primer annealing at 55°C, and 1 min
distinct from full-length IL6 (IL6-full). DNA synthesis at 72°C, after which a final 15 min in-

In the mature secreted IL6-full molecule a 28 aminoubation at 72°C was performed. The rIL6-alt PCR prod-
acid signal peptide consisting of the first exon and 22ct was electrophoresed on a 1.5% agarose gel, excised
amino acids of the second exon has been cleaved [dhd purified onto silica particles by using a Gene-Clean
Other investigators have shown that constructs whiéfit (BIO 101, Vista, CA). The purified DNA fragment
delete amino acids +1 to +28 encoded in exon Il affas cloned into the PCR3.1-Uni vector (Invitrogen,
mature IL6 retain a high degree of bioactivity in a varietarlsbad, CA), and subsequently digested vyHI
of assays [14]. In order to evaluate possible polypepti@gemdBanH|. This fragment was then ligated directionally
forms of alternatively spliced IL6, we have constructed iato the pET-15b expression vector (Novagen, Madison,
recombinant form of IL6-alt which does not incorporat&Vl), which had been digested witBanH| and Ncd in
the first or second exons but starts at the proposed exander to produce a site compatible wisgH]I.

I-exon Il splice site codon [13], with the addition of one

ATG (methionine) start codon (Fig. 1). This IL6-altExpression and Purification of Recombinant

would thus lack amino acids 1-42 found in IL6-full. InIL6-full and IL6-alt

this report, we characterize the bioactivity of this recom-

binant IL6-alt polypeptide in comparison to rIL6-full. Two methods of purifying rlL6-full and riL6-alt were

used, one employing guanidine-HCI extraction of inclu-
sion bodies [15], and the other employing detergent solu-
MATERIALS AND METHODS blization without guanidine-HCI (see Results). Cultures
of IL6 expression constructs were grown in transformed
Escherichia coliDE3 cells to OR4, of 0.6, diluted 1:25
The recombinant human IL6 expression clone pT7.i#to 500 ml of Luria broth containing 7Qg/ml ampicil-
hulL6 [15] was obtained from the American Type Cullin, and grown to an OR,, of 0.5. The cells were then
ture Collection (Rockville, MD). The alternativelyinduced 3 hr with 1 mM IPTG, centrifuged, washed with
spliced human IL6 (IL6-alt) expression clone was gerPBS, and either stored at —80°C or directly lysed by
erated from the riL-alt clone SS-1 previously describesbnication. Cells from 500 ml cultures were resuspended
[13]. By using PCR, a modified 29-mer forward primein 20 ml of sonication buffer (20 mM Tris-HCI, pH 9.0,
(5'-TC ATG ACA TGT AAC AAG AGT AAC ATG 2.5 mM EDTA, 1.6 mM PMSF), and sonicated for 20
TGT) was employed to amplify rlL6-alt containing amin (15 sec on followed by 30 sec off) on ice by using a
BsHI (Ncd compatable) site with an ATG start codorFisher Model 550 Sonicator (Fisher Scientific, Pittsburg,
proximal to the threonine codon at amino acid positioRA) at setting 5. The sonicated lysates were centrifuged
+43 (Fig. 1). The reverse primer '¢€€TA CAT TTG for 40 min at 1,400 »g, and the supernatant was saved.
CCG AAG AGC CCT CAG GCT GGA C) contained theThe pellet was sonicated a second time and centifuged as
3’ end of the IL6 coding region ending on the terminatioabove, again saving the supernatant. The remaining pel-
codon. PCR reactions contained g@/ml SS-1 clone let was sonicated two more times with the addition of
DNA, 20 mM Tris-HCI, pH 8.4, 50 mM KCI, 1.25 mM 0.05% deoxycholate and 0.05% Tween-20, layered over

Construction of rIL6 Expression Clones
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a 20% sucrose shelf, and centrifuged 30 min at 1,400axfurther 6 hr of incubation, cells were harvested onto

g. The pellet was dissolved in 50 ml of 6 M guanidineglass fiber filters by using a Dynatech Minimash 2000

HCI containing 50 mMB-mercaptoethanol and 0.05%cell harvester (Dynatech, Alexandria, VA) and radioac-

Tween-20, and dialyzed overnight against 20 mM Trigivity measured by using an aqueous-based scintillation

HCI (pH 9.0)-5% glycerol-0.05% deoxycholate-0.05%luid (Ecolume, ICN). All determinations were done in

Tween. The dialyzed proteins were then appled 2 ml triplicate with <10% variability.

DEAE Sepharose CL-6B (Pharmacia, Piscataway, NJ{

column and eluted with a 0-400 mM NaCl gradient in 2b/L-60 Cell Culture

mM Tris-HCI (pH 9.0). The eluted fractions were ana- HL-60 cells (1@ cells/ml/well) were cultured in F10

lyzed by SDS-PAGE and Western blots, and the fractionsedium in 240-well (16 mm diameter) tissue culture

that contained rlL6-alt were pooled and dialyzed againglates (Corning) in the presence ofuy/ml riL6-full, 1

10 mM HEPES (pH 8.0). rg/ml riL6-alt, 50 ng/ml phorbol myristate acetate
In order to prepare recombinant proteins without ug®MA), 1% DMSO, or F10 medium alone for 16 or 72 hr

of denaturing guanidine-HCI, the soluble proteins frorsee figure legends). The cells were then harvested by

detergent sonication supernatants were analyzed by sentrifugation at 250 >y for 10 min and assayed as

dium dodecyl sulfate (SDS)-PAGE, and those containiraescribed below.

riL6 with highest purity (usually, the last several super- ] ]

natants) were pooled. These pooled supernatants wi¥@l (Anti-CD11b) Flow Cytometry Analysis

submitted to DEAE Sepharose CL-6B chromatography HL-60 cells which were cultured for 72 hr as described

as described above, eluted, and dialyzed against 10 nalklove were washed and resuspendesi a 10 cells/ml

HEPES (pH 8.0). in PBS containing 1% fetal bovine serum and 0.1% so-
. dium azide (PBN buffer). Cells (2D were then incu-
SDS-PAGE and Western Blot Analysis bated on ice for 1 hr in the presence of 1:50 Mol (anti-

Recombinant IL6 proteins were electrophoresed @D11b) monoclonal antibody (Coulter, Hialeah, FL) or
0.1% SDS, 12% PAGE Laemmli gels, and either stainéb g of control normal mouse IgG (Sigma, St. Louis,
with Commassie Blue or electrophoretically transferredO). Cells were centrifuged, washed twice with 500
onto nitrocellulose filters in Towbin’s buffer for 2 hrs atof PBN, resuspended in 350 of PBN, and incubated
150 mA as described [15,16]. Filters were probed wittor 1 hr on ice in the presence of 1:50 FITC-goat anti-
1:200 diluted rabbit anti-human rlL6 antiserum or nomouse IgG (Biosource International, Camarillo, CA).
mal rabbit serum for 90 min at room temperaturelhe cells were then centrifuged, washed twice with PBN,
washed, incubated further (1 hr, room temperature) wittxed in 500wl PBS/1% formaldehyde, and analyzed on
1:5000 diluted alkaline phosphatase conjugated gaatFACScan flow cytometer (Becton Dickinson, San
anti-rabbit Fc-1lgG (Promega, Madison, WI), washed, anlbse, CA).
developed by using the Protblot AP System (Promega) as

described [13,16]. Phagocytosis By HL-60 Cells
] One million HL-60 cells were cultured 68 hr in 24-
Cell Lines well (16 mm diameter) tissue culture plates (Corning) in

M1 murine myeloblast cells [17] and HL-60 humarthe presence of F10 medium alone (control), 50 ng/ml
promyelocyte leukemia cells [18] were grown in RPMphorbol myristate acetate,dg/ml rIL6-full, or 1 pg/ml
1640 medium supplemented with 10% fetal bovine sel_6-alt. Latex 1y fluorescent beads (Duke Scientific,
rum, 1 mM I-glutamine, 10Qug/ml penicillin, and 100 Palo Alto, CA) were then added (150 beads per cell)
U/ml streptomycin (F10 medium). The cells were culfollowed by a further 4 hr incubation. Cells were then
tured at a density range of 3AL.(P cells/ml at 37°C in a removed by agitation with a Pasteur pipette and centri-
95% air/5% CQ humidified atmosphere. 7TD1, an IL6fuged through a 0.4 ml cushion of fetal bovine serum
responsive murine plasmacytoma cell line [19] wa@50 x g, 10 min) in order to remove free beads. After
maintained in F10 medium supplemented with 100 pg/rakpiration of the supernatant, the cell pellet was sus-

riLe. pended in 20Qul of F10 medium, and at least 200 cells
) _ were analyzed for bead content by microscopy. Cells
Cell Proliferation Assays with = 2 intracellular beads were considered positive.

(®H-Thymidine Incorporation)

Cells (1@/well) were placed into 96-well microtiter RNA Isolation and RT-PCR Analysis
plates (Corning, Corning, NY) in 0.1 ml of F10 medium Total cellular RNA was isolated from approximately
with titered amounts of rIL6-full or rIL6-alt and cultured10” cultured HL-60 cells by using guanidinium isothio-
for 66 hours after which 0.p.Ci/well 2H-thymidine (100 cyanate/acid phenol-chloroform [20], and precipitated
Ci/mmol; ICN, Irvine, CA) was added to each well. Aftettwice with 2.5 volumes of absolute ethanol at —-80°C for
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1 hr. All solutions for RNA preparation and use wert 1 2 Mk 3 4 5 6 7 8
made in diethyl pyrocarbonate-treated water. Precipitai :
were washed three times with cold 75% ethanol, drie43-
under vacuum, and dissolved in 1 mM dithiothreitol cor2s-
taining 1 Uf.l RNasin ribonuclease inhibitor (Promega)g.
Prior to cDNA synthesis, the RNA was incubated at 60° ; 4-
for 2 min and then chilled on ice. cDNA synthesis reac
tion mixtures contained 20@ug/ml RNA, 500 uM
dNTPs, 50 mM Tris-HCI (pH 8.2), 12 mM Mgg|l 50

mM KCI, 1 mM dithiothreitol, 0.5 mM spermidine, 50
wa/mloligo-dT (12-18 mer), and 800 U/ml AMV reverse
transcriptase (Promega) in a final volume of 16 The Fig. 2. SDS-12% PAGE and Western Blot Analysis of Puri-
reaction mixtures were incubated for 90 min at 42°cfied riL6-full and riL6-alt. Recombinant proteins were puri-

° . ° .. fied as described in Materials and Methods and submitted to
followed by 95°C for 5 min, and 37°C for 30 min in theSDS-PAGE and Western analysis with anti-IL6 antibodies.

presence of 2Qug/ml DNase-free RNase. A bl aliquot  the lanes are: 1, 3, and 6, riL6-full (1 ug); 2, 4, and 7, riL6-alt
of the cDNA product was then submitted to PCR ampli©.3 pg); 5 and 8, control bacterial lysate from IPTG-induced
fication in the presence of 0.8M of each appropriate E. coli DE3 transformed with pET-15b vector (without insert)
fornard and reverse primer, 1.25 mM MACEO it soennt 2 12 e s 8 s S5, s 12
KCI, 20 mM Tris-HCI (pH 8.4), 20ug/mi gelatl.n, 20_0 rom a parallel Western blot probed %vi{h rabbit anti-IL6
M dNTPs, and 0.5 U Tag DNA polymerase in a flnaIlanes 3-5) or normal rabbit serum control (lanes 6-8). Mo-
volume of 20p.l. Amplification reactions consisted of 25lecular weight markers (Mk) in kilodaltons (kd) are indicated
cycles of 94°C denaturation (1 min), 55°C annealing (@ the left margin. The arrows along the right margin indi-
min) and 72°C synthesis (1 min), with a final extensiof@te the bands produced by riL6-full (22 kd) and riL6-alt
at 72°C for 15 min. PCR products were analyzed
electrophoresis on 1.5% agarose gels in 40 mM Tris-
acetate (pH 8.5)-2 mM EDTAHadll-digested pX174 ¢ *°]
replicative-form DNA fragments were used as molecular %
weight markers8-actin and lysozyme oligonucleotide 2
primers used in this study have been previously reported<

by others [13,21]. E
§4 15 4

RESULTS =
SDS-PAGE and Western Blot Analysis of Purified £
riL6-full and riL6-alt H |

Purified rIL6-full and rIL6-alt were examined by SDS- E
PAGE and Western blot analysis as shown in Figure 24 o i : S , ‘
rIL6-full and rIL6-alt migrated as bands of Mr 22 kd and oooor oot 001 04 ! 10 too 1000
14 kd, respectively, and were reactive with anti-IL6 an- nanograms / ml

tibodies but not normal sera. Purification of rIL6-alt by
guanldlne—HCI eXtraCtlon. of |ncIu3|on.bodles fouowect)ma Cells to riL6-full and riL6-alt. Cells were cultured in

by renaturation resulted in re_duced yields compared dB8-well plates at 10 “ cells/well for 66 hr in the presence of
riL6-full (data not shown). This suggested that the rengscombinant proteins followed by 6 hr culture with 3H-

turation/refolding process for rIL6-alt was less efficienthymidine and assay of incorporation into DNA. rIL6-alt (tri-
angles) and rIL6-full (circles) were purified using both non-

Effect of rIL6-alt on Murine Plasmacytoma denaturing extraction (open symbols) and guanidine-HCI
7TD1 Proliferation extraction/renaturation (closed symbols) from the pET-15b
. expression system described in Materials and Methods.
Figure 3 compares the effects of rIL6-full and rIL6-altiosed squares represent riL6 (specific activity 10 U/ng)

on proliferation of the IL6 responsive 7TD1 murine plaspurchased from Life Technologies.

macytoma line. In 5 experiments, the range of rIL6 nec-

essary for 50% maximal stimulation of 7TD1 cells wathis assay and shows that rIL6-full was*1@ 1P times
1-25 pg/ml and for rIL6-alt was 7-135 ng/ml. A com-more active than rIL6-alt. Both guanidine denatured/ re-
mercial source of rIL6 induced 50% maximal stimulatiomatured and non-denatured preparations of rIL6 had simi-
at 50-100 pg/ml. Figure 3 depicts a representative dasr activities. This strongly suggested that rIL6-alt had
periment comparing riL6-full and rIL6-alt activities inlittle B cell proliferative activity.

ig. 3. Proliferative Response of 7TD1 Murine Plasmacy-
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Fig. 4. Effect of rIL6-alt on the proliferative activity of rIL6-
full on 7TD1 cells. Cells were incubated 66 hr in the pres-
ence of varying concentrations of rIL6-alt in the presence of
50 pg/ml (squares), 25 pg/ml (circles) or O pg/ml (triangles)
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Fig. 5. Antiproliferative activity of rIL6-alt on the M1 murine
myeloblast cell line. M1 cells were incubated 66 hr in the
presence of recombinant proteins followed by 6 hr culture
with 3H-thymidine and assay of incorporation into DNA.
rIL6-alt (triangles) and rIL6-full (circles) were purified using

both non-denaturing extraction (open symbols) and guani-
dine-HCI extraction/renaturation (closed symbols) from the
pET-15b expression system described in Materials and
Methods.

rIL6-full (Life Technologies). 3H-thymidine incorporation (6
hr) was then measured as described in Materials and Meth-
ods.

In order to test the hypothesis that IL6-alt might be a § so
natural inhibitor of IL6-full, we examined the effect of
mixtures of rIL6-full and rIL6-alt on 7TD1 proliferation
(Fig. 4). The riL6-alt showed no inhibitory effect on
7TD1 proliferation by rIL6-full up to a concentration of
5 ng/ml rIL6-alt (200:1 ratio of rIL6-alt:rIL6-full).

40 |
30

Antiproliferative Activities of rIL6-full and rIL6-alt 201

Toward M1 Murine Myeloblast Cells and HL-60
Human Promyelocytic Leukemia Cells

IL6 is known to inhibit growth and induce differentia- -

tion of myeloid cell lines [22]. Therefore, we compared 0o 05 10 s 20
the effects of rIL6-full and rIL6-alt on the growth of
murine M1 (myeloblast) and human HL-60 (promyelo-
cytic leukemia) cell lines. Figure 5 depicts a representsig. 6. Effect of rIL6-full and rIL6-alt on the proliferation of
tive experiment with M1 cells and shows that, in contrast--60 cells. HL-60 cells were incubated 66 hr in the pres-
to the effect on 7TD1 cells, both recombinant proteirf&!ce of various amounts of riL6-full (circles) or riL6-alt (ri-
had antiproliferative activity toward M1 cells in the ngf19/es) followed by assay of  °H-thymidine incorporation (6
) . hr) as described in Materials and Methods.

ml range. In 6 separate experiments comparing concen-
trations required for 50% inhibition of M1 cells, we .
found that rIL6-full was 10-200 fold more active tharf ect Of riL6 _and r_IL6-aIt on Surface Expression
rIL6-alt. of CD11b Antigen in HL-60 Cells

In assays using HL-60 promyelocytic leukemia cells Both rIL6-full and rIL6-alt were evaluated for their
(Fig. 6), in contrast to murine M1 myeloblasts, rIL6-altbility to induce monocytic differentiation of HL-60 cells
had appreciable antiproliferative activity in the 0.25¢/ as measured by up-regulation of the monocytic differen-
ml range whereas rIL6-full had no appreciable activityiation antigen CD11b [23]. Figure 7 shows that rIL6-alt
(less than 5% inhibition) up to gg/ml. Interestingly, in induced expression of CD11b in over 30% of the cells
contrast to murine M1 cells and 7TD1 cells, riL6-alt wagfter 72 hr of culture. In contrast, rIL6-full induced less
more active than rIL6-full when tested as an antiprolifthan 7% of the cells to express CD11b antigen. In control
erative agent against human HL-60 promyelocytic le@xperiments, polymyxin-B (1.g/ml) did not inhibit the
kemia cells. effect of rIL6-alt on CD11b expression, suggesting that

% Inhibition of 3H—Thymidine Incorporati

micrograms / ml
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Fig. 7. Effect of rIL6-full and rIL6-alt on the surface expres-
sion of CD11b antigen in HL-60 cells. HL-60 cells were cul-
tured for 72 hr in the presence and absence of 1 pg/ml rIL6-
full or riL6-alt, followed by indirect immunofluorescence/ . )
flow cytometry analysis of CD11b expression as described Fig. 8. Effect of r!L6-fuII and rlL6-alt on the accumulation of
in Materials and Methods. Bars represent mean + SD (error lysozyme mRNA in HL-60 cells. HL-60 cells were cultured
bars) of three separate experiments. for 16 hr in the presence and absence of various additions
as described in Materials and Methods. RNA was then ex-
tracted and equivalent amounts were submitted to RT-PCR
contaminating endotoxin was not responsible for the bignalysis by using either lysozyme (panel A) or  B-actin
logic activity of the rIL6-alt preparations (data nO1(panel B) oligonucleotide primers. The lane assignments

. . re: (1) no addition; (2) 1% DMSO; (3) 50 ng/ml phorbol my-
shown). ThL!S’ m_ContraSt to I_ts effect on 7TD1 pla_‘sm%state acetate (PMA); (4) 1 pg/ml rIL6-full; (5) 1 pg/ml riL6-
cytoma proliferation and murine M1 myeloblast differx. molecular weight markers in kbp are indicated along the
entiation, riL6-alt appears to have a greater effect oight margin.

HL-60 monocytic differentiation when compared to

riL6-full. DISCUSSION
Up-regulation of Lysozyme mRNA by rIL6-full and IL6 is a multifunctional cytokine that is active toward
riL6-alt in HL-60 Cells B cells, T cells, hematopoietic cells, and hepatocytes

—4,25-27]. This cytokine has been implicated in the
thogenesis of multiple myeloma and other malignan-
ies, in which IL6 has been postulated to serve as an

Lysozyme has been shown to be induced in myelo
cells in response to differentiation agents, including IL

[24]. We therefore evaluated the effects of both rIL6-fu utocrine growth factor [5,28,29]. IL6 is produced by a
ngsrzltl)_v(\i/-na::\%ri] Izrsggymﬁgﬂﬁ:\l;‘] (Ije;'leLIGS_;TtZ'LESOUT::::'Wide variety of cell types, many of which are also di-
lysozyme mRN?A app'roximately equally afteE lg hr cu(IjI(:-"CtIy st'imulated by IL6, suggestin_g' thgt some mecha-
h d by RT-PCR analvsi nism exists that modulates IL6 activity in various cells.
ure, as assessed by analysis. Two possible control mechanisms might involve IL6 in-
hibitory molecules or relative tissue specificity, which
might be the result of differential IL6 receptors and/or
signal transducing mechanisms. Previously, we reported
In order to examine effects on functional ability, wehe identification and initial characterization of an alter-
evaluated the effect of both rIL6-full and rIL6-alt onnatively spliced isoform of human IL6 which lacked the
phagocytic activity of HL-60 cells. As shown in Figure 9gp130 interactive exon Il encoded portion of IL6 (13).
culturing HL-60 cells in the presence of rIL6-alt at IThe IL6-alt mMRNA was originally identified by using
pg/ml induced >35% of cells to phagocytosaullatex RT-PCR and the cDNA subsequently cloned. We also
beads, whereas rIL6-full induced <10% phagocytic celldetected in cell lysates a lower molecular mass IL-6 pro-
Control cells stimulated with PMA, a strong monocytid¢ein (approximately 17 kd), which might represent the
differentiation agent, induced slightly less phagocytic aputative protein product of the alternatively spliced
tivity than riL6-alt. In data not shown, we confirmedmRNA (13). We postulated that IL6-alt might represent
these microscopy results by using flow cytometry of HLa natural inhibitor or serve as a form of IL6 with relative
60 cells exposed to fluorescentuyllatex beads. tissue specificity. Based on DNA sequence analysis of

Phagocytic Effects of rIL6-full and rIL6-alt on
HL60 Cells
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50 The riL6-alt did not demonstrate competitive inhibitory
45 | activity when mixed with rIL6-full in 7TD1 proliferation
40 T assays, suggesting that IL6-alt does not serve as a sig-
nificant natural inhibitor of IL6. The ratio of rIL6-
% *1 alt:rIL6-full activity was considerably higher in murine
_‘; 30 1 - | myeloid cells as compared to murine plasmacytoma
5 25 | cells. In murine M1 myeloblast cells, rlL6-alt was 10—
% 20 | 200 fold less active that rIL6-full, but nevertheless at
& high doses was capable of inhibiting proliferation >80%.
& 189 In marked contrast, in assays of antiproliferation and dif-
10 1 = | ferentiation (phagocytosis, expression of CD11b) of hu-
5 | man HL-60 promyelocytic leukemia cells, rIL6-alt was
0l 1 appreciablymore active when compared to rlL6-full. In
None PMA rl6-at — rL6-full agreement with data from other laboratories, in our stud-
Song/ml Lyg/ml Lug/ml ies rlL6-full had little or no antiproliferative activity to-
Cell Treatment ward HL-60 cells [32], whereas rlL6-alt had modest an-

. . . ity (530% inhibiti i
Fig. 9. Effect of rIL6-full and rIL6-alt on phagocytosis by tlﬁ:o“feratll(ve a;:tlwty ( ?’,{Q/g.lf?hlbltltqu.at hgt./ml)l' f.\n f
HL-60 cells. HL-60 cells were cultured for 68 hr in the pres- otheér marker or monocyuc diirerentiation, stimufation o

ence and absence of various additions as described in Ma- lysozyme mRNA levels in HL-60 cells [23], was ob-
terials and Methods, followed by 4 hr assay of phagocytic served to be similar for rIL6-alt and rIL6-full. Phagocy-
activity by usin g 1 p latex beads. Bars represent mean +  tggjs, CD11b expression, and lysozyme expression are all
SEM of three determinations. considered to be relatively late differentiation markers
[24,33]. However, lysozyme mRNA expression is con-
IL6-full [1] and our recently cloned IL6-alt [13], we ex- trolled by a complex set of signals. For example, lyso-
pressed IL6-alt protein by inserting an ATG start codoryme expression has been shown to preceed the expres-
before the exon Il splice site of IL6-alt (Fig. 1) under thesion of myeloperoxidase in monocytic differentiation
assumption that, like IL6-full, exon I-encoded peptidevhereas it occurs after myeloperoxidase expression in
would be cleaved before secretion of the mature protaieutrophilic differentiation [34]. Lysozyme has also been
[1,14,15]. This would appear to be the most likely proteishown to be up-regulated by NF-IL6, a transcriptional
expressed from the IL6-alt alternatively spliced mRNAfactor which up-regulates IL6 expression and can itself
but it is possible that another protein expression mechae up-regulated by IL6 [35]. Demethylation of the lyso-
nism exists in which amino acids encoded by exonzlyme gene, which has been correlated with lysozyme
would remain in the IL6-alt protein. expression during differentiation of normal myeloid cells
Induced expression of the rlL6-alt polypeptide fronf36], has not been observed during differentiation of my-
pET-15b vector inE. coli DE3 cells resulted in large eloid leukemic cell lines such as HL-60 [37].
amounts of insoluble recombinant protein in inclusion In conclusion, our studies show that IL6-alt has lost
bodies, similar to what has been reported for riL6-fuBB-cell stimulatory activity associated with IL6-full, while
expression [14,30,31]. Extraction of this IL6-alt proteimetaining myeloid antiproliferative/differentiation activi-
with guanidine-HCI followed by dialysis resulted inties. Interestingly, the myeloid antiproliferation/differen-
highly pure riL6-alt of which <50% bound to DEAE tiation activity of rIL6-alt toward human HL60 promy-
anion exchange resin and possessed bioactivity (data alsicytic leukemia cells was appreciably more than the
shown). In contrast and consistent with previous repomstivity of rIL6-full. Because IL6-alt lacks the exon Il
from other laboratories, approximately 80% of rIL6-fullencoded amino acid residues that are known to interact
prepared under similar conditions was recovered withith the signal transducing gp130 molecule on cells
bioactivity after DEAE anion exchange chromatographiyL1,12,38,39], we previously hypothesized that IL6-alt
[15,30,31]. We also prepared riL6-alt and rIL6-full bymight serve as a natural inhibitor of IL6 [13]. However,
detergent extraction without guanidine-HCI and foundata presented in this report do not support this hypoth-
that although the yields of purified material differed, thesis because rlL6-alt did not inhibit rIL6-full stimulation
activities were similar when assayed against 7TD1 mof 7TD1 plasmacytoma proliferation.
rine plasmacytoma cells (Fig. 3). A large body of evidence from many laboratories sup-
In this report, we compare biologic activities of thesports a multi-site model of IL-6 activity with at least one
two recombinant IL6 isoforms. We provide evidence thadite contributing to receptor binding and at least two
IL6-alt is relatively tissue specific with higher activityadditional sites contributing to gp130 interaction for sig-
toward myeloid cells and relatively little activity (30 nalling, one of which is not encoded by exon Il
10°-fold less than IL6-full) toward B-cells/plasma cells[1,11,12,38,39]. Other data suggest that the gp130 signal
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transduction moiety has separate regions for myeloid

growth arrest and differentiation signals (12). This sugy

gests that other functions such as proliferative signals or

apoptosis modulation may also be mediated by different
regions of the molecule. The data presented here is con
sistent with such a multi-site model of IL6 because rIL6L0
alt is diminished by one of the two known gp130 inter-
active domains.

Other data presented in this report support our altgr
native hypothesis that IL6-alt is relatively tissue specific
and may have an important role in the modulation £
hematopoiesis, whereas IL6-full may have a more im-
portant role in B cell proliferation and differentiation. It
may be that the relative tissue specificity of rIL6-alt vs;3
rIL6-full is determined in part by species of origin as well
as cell type (lymphoid vs. hematopoietic). In a previous
report [13] using RT/PCR to examine expression of IL6%*
alt and IL6-full mMRNA in LPS and Con A stimulated
peripheral blood lymphocytes, data suggested that IL6-

and chemokines in the progression of rheumatoid arthritis. Semin Ar-

thritis Rheum 1996;26:526.

Hull M, Berger M, Volk B, Bauer J. Occurrence of interleukin-6 in

cortical plagues of Alzheimer’s disease patients may precede transfor-

mation of diffuse into neuritic plaques. ArN Y Acad Sci 1996;777:

-205.

. Nagpal S, Cai J, Zheng T, Patel S, Masood R, Lin GY, Friant S,
Johnson A, Smith DL, Chandraratna RA, Gill PS. Retinoid antagonism
of NF-IL6: insight into the mechanism of antiproliferative effects of
retinoids in Kaposi's sarcoma. Mol Cell Biol 1997;17:4159.

. Kishimoto T, Akira S, Narazaki M, Taga T. Interleukin-6 family of
cytokines and gp130. Blood 1995;86:1243.

. Yamanaka Y, Nakajima K, Fukada T, Hibi M, Hirano T. Differentia-
tion and growth arrest signals are generated through the cytoplasmic
region of gp130 that is essential for Stat3 activation. EMBO J 1996;
15:1557.

. Kestler DP, Agarwal S, Cobb J, Golstein KM, Hall RE. Detection and
analysis of an alternatively spliced isoform of interleukin-6 mRNA in
peripheral blood mononuclear cells. Blood 1995;86:4559.

. Brakenhoff JPJ, Hart MH, Aarden LA. Analysis of human inter-
luekin-6 mutants expressed Escherichia coli:biological activities
are not affected by deletion of amino acids 1-28. J Immunol 1989;
143:1175.

alt is expressed to a greater extent in B cells. This al$& Arcone L, Pucci P, Zappcosta F, Fontaine V, Malomi A, Marino G,

would be consistent with rIL6-alt having relatively spe-
cific tissue distribution and with it having little effect on
B cell proliferation since otherwise it would lead to nons

(o]

specific expansion of polyclonal B cells. Further studies
examining expression of IL6-alt and IL6-full MRNA in17
different hematopoietic, lymphoid, and other cells are
currently in progress. Other work in progress in our labo-
ratory analyzing biologic activities and binding of riL6-,4
full and rIL6-alt to other human and mouse myelocytic

cell lines, peripheral blood monocytes, and bone marrow
cells should help to clarify and extend these observatiori§
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