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 Lipoprotein (a) [Lp(a)], fi rst discovered by Kåre Berg in 
1963 ( 1 ), is a unique lipoprotein being formed in the liver 
through the extracellular association of an apoB-100-con-
taining lipoprotein to a highly glycosylated apo(a) (offi cial 
gene symbol:  LPA ) ( 2 ). Apo(a) displays a high homology 
to plasminogen and has been shown to inhibit fi brinoly-
sis ( 3 ). Thus, Lp(a) combines atherosclerosis and local 
thrombosis, and therefore elevated serum levels are con-
sidered a severe and independent risk factor for the devel-
opment of CVD ( 4 ). 

 Studies have demonstrated apo(a) to be genetically 
polymorphic ( 2 ) with apo(a) isoproteins ranging in ap-
proximate size from 200 to 800 kDa ( 5 ). These different 
apo(a) phenotypes are thought to importantly determine 
the rates of hepatic synthesis of apo(a) and thus Lp(a) se-
rum concentrations with an inverse correlation between 
the two parameters ( 6–8 ). 

 While earlier studies suggested that Lp(a) serum levels 
are mostly determined by genetic factors ( 7, 8 ), several re-
cent reports indicate that Lp(a) is also induced by media-
tors of the innate immune system ( 9–11 ). In that respect, 
it is important to mention that in humans several chronic 
infl ammatory diseases (CIDs) such as rheumatoid arthritis 
(RA) and Crohn’s disease are associated with elevated 

       Abstract   Lipoprotein (a) [Lp(a)] is a highly atherogenic 
lipid particle. Although earlier reports suggested that Lp(a) 
levels are mostly determined by genetic factors, several re-
cent studies have revealed that Lp(a) induction is also 
caused by chronic infl ammation. Therefore, we aimed to 
examine whether cytokine blockade by monoclonal antibod-
ies may inhibit Lp(a) metabolism. We found that interleukin 
6 (IL-6) blockade by tocilizumab (TCZ) reduced Lp(a) while 
TNF- � -inhibition by adalimumab in humans had no effect. 
The specifi city of IL-6 in regulating Lp(a) was further dem-
onstrated by serological measurements of human subjects 
(n = 1,153) revealing that Lp(a) levels are increased in indi-
viduals with elevated serum IL-6. Transcriptomic analysis of 
human liver biopsies (n = 57) revealed typical IL-6 response 
genes being correlated with the  LPA  gene expression in 
vivo. On a molecular level, we found that TCZ inhibited 
IL-6-induced  LPA  mRNA and protein expression in human 
hepatocytes. Furthermore, examination of IL-6-responsive 
signal transducer and activator of transcription 3    binding sites 
within the  LPA  promoter by reporter gene assays, promoter 
deletion experiments, and electrophoretic mobility shift assay 
analysis showed that the Lp(a)-lowering effect of TCZ is spe-
cifi cally mediated via a responsive element at  � 46 to  � 40.   
Therefore, IL-6 blockade might be a potential therapeutic op-
tion to treat elevated Lp(a) serum concentrations in humans 
and might be a noninvasive alternative to lipid apheresis in 
the future.   — Müller, N., D. M. Schulte, K. Türk, S. Freitag-
Wolf, J. Hampe, R. Zeuner, J. O. Schröder, I. Gouni-Berthold, 
H. K. Berthold, W. Krone, S. Rose-John, S. Schreiber, and M. 
Laudes.  IL-6 blockade by monoclonal antibodies inhibits 
apolipoprotein (a) expression and lipoprotein (a) synthesis 
in humans.  J. Lipid Res.  2015.  56:  1034–1042.   

 IL-6 blockade by monoclonal antibodies inhibits 
apolipoprotein (a) expression and lipoprotein (a) synthesis 
in humans  

  Nike   Müller , *   Dominik M.   Schulte , * ,†    Kathrin   Türk , *   Sandra   Freitag-Wolf ,  §    Jochen   Hampe , **  
 Rainald   Zeuner , *   Johann O.   Schröder , * ,†    Ioanna   Gouni-Berthold ,  ††    Heiner K.   Berthold ,  §§   
 Wilhelm   Krone ,  ††    Stefan   Rose-John ,  †, ***   Stefan   Schreiber , * ,†   and  Matthias   Laudes   1, * ,†   

 Department I of Internal Medicine,* Cluster of Excellence Infl ammation at Interfaces, †  Institute of Medical 
Informatics and Statistics, §  and Institute of Biochemistry,***  University of Kiel , Kiel,  Germany ; Department 
of Medicine I,**  University Hospital Carl Gustav Carus , University of Dresden, Dresden,  Germany ; Center 
for Endocrinology, Diabetes and Preventive Medicine, ††   University of Cologne , Cologne,  Germany ; and 
Department of Internal Medicine and Geriatrics, §§   Bielefeld Evangelical Hospital , Bielefeld,  Germany  

 Abbreviations: ADB, adalimumab; CID, chronic infl ammatory dis-
ease; CRP, C-reactive protein; EMSA, electrophoretic mobility shift assay; 
FoCus, Food Chain Plus; IL-6, interleukin 6; JAK-2, Janus kinase 2; Lp(a), 
lipoprotein (a); RA, rheumatoid arthritis; RE, responsive elements; STAT3, 
signal transducer and activator of transcription 3; TCZ, tocilizumab  . 

  1  To whom correspondence should be addressed.  
  e-mail: matthias.laudes@uk-sh.de 

  The online version of this article (available at http://www.jlr.org) 
contains supplementary data in the form of two tables. 

patient-oriented and epidemiological research

 The work was supported by intramural funding from the University of Kiel. 
M.L. has received lecturer fees from Chugai/Roche. R.Z. has received a travel 
grant to EULAR 2011 from Chugai/Roche. All other authors have nothing to 
declare. 

 Manuscript received 18 June 2014 and in revised form 16 January 2015. 

  Published, JLR Papers in Press, February 21, 2015  
 DOI 10.1194/jlr.P052209 



IL-6 inhibition and Lp(a) 1035

 In the statistical analysis, IL-6 cutoff (6 pg/ml) was chosen ac-
cording to the reference ranges being established by the Institute 
of Clinical Chemistry of the University Medical Center in Kiel. 
C-reactive protein (CRP) cutoff was set at 3.0 mg/l according to 
defi ned risk groups of CRP by the American Heart Association 
and the US Centers for Disease Control and Prevention. 

 Reagents for in vitro experiments 
 TCZ (RoActemra®, Roche Group; 20 mg/ml) and ADB (Hu-

mira®, Abbott Laboratories; 50 mg/ml) stock solutions were ap-
plied at fi nal concentrations of 100 µg/ml and 100 ng/ml, 
respectively, in all in vitro   experiments. Concentrations were 
chosen according to preliminary experiments in which both 
agents have been shown not to be toxic to our cells and suffi cient 
to suppress their target (TNF- � , IL-6) effects. 

 Cell culture 
 For luciferase reporter gene assays, human hepato cellular car-

cinoma cells (HepG2) cells were maintained in RPMI1640 me-
dium supplemented with 10% FCS, 2 mM  L -glutamine, and 1% 
penicillin/streptomycin at 5% CO 2  and 37°C. For quantitative 
real-time RT-PCR, electrophoretic mobility shift assay (EMSA), and 
Western blotting experiments, human hepato cellular carcinoma 
cells (Huh7), were maintained in DMEM with high glucose 
(4.5 g/l), supplemented with 2 mM  L -glutamine, 10% FCS, and 
1% penicillin/streptomycin (all from PAA) at 5% CO 2  and 37°C. 

 RNA isolation and quantitative real-time RT-PCR 
 RNA of Huh7 cells was isolated using peqGOLD Total RNA Kit 

(12-6834-01, PEQLAB Biotechnologie GmbH) following the 
manufacturer’s instructions. cDNA synthesis was further gener-
ated using Maxima First Strand cDNA Synthesis Kit for RT-qPCR 
(K1641, Thermo Fisher Scientifi c) according to the manufacturer’s 
instructions. Expression levels of  LPA  and housekeeping gene  � -
actin (supplementary Table 1) were determined using specifi c 
primers and Maxima SYBR Green/Fluorescein qPCR Master Mix 
(K0241, Thermo Fisher Scientifi c). Primer sequences were de-
signed with Primer3 standard software (version 0.4.0; http://
frodo.wi.mit.edu/primer3/), NCBI BLAST, and NCBI Primer-
BLAST. Primer pairs were obtained from MWG Biotech AG. 

 Western blotting 
 For Western blotting analyses of LPA protein, cells were 

washed with PBS and scraped into RIPA lysis buffer. After cen-
trifugation at 4°C at 14,000 rpm for 30 min, 30  � g of protein 
per sample was added to 4× loading buffer (bromophenol 
blue and Laemmli buffer), heated to 95°C for 5 min, and sepa-
rated on a NuPAGE 3–8% Tris-Acetate gel (Life Technologies 
GmbH) for 2 h at 150 V. Proteins were transferred to polyvi-
nylidene difl uoride (PVDF) membranes (Carl Roth GmbH) 
for 1.5 h at 30 V. The following antibodies were used accord-
ing to the instructions of the manufacturer: apo(a) (5402-1, 
Epitomics) and HSP90   � / �  (sc-7947, Santa Cruz Biotechnol-
ogy). All secondary antibodies were purchased from Cell Sig-
naling Technology. 

 For Western blotting analyses of signal transducer and activa-
tor of transcription 3 (STAT3) protein, cells were washed with 
PBS and scraped into Passive Lysis Buffer (Promega). Cells were 
lysed for 15 min at room temperature while rocking. After cen-
trifugation at 4°C at 14,000 rpm for 5 min, 20 µg of protein per 
sample was added to 4× loading buffer, heated to 95°C for 5 min, 
and separated on a 12% SDS-PAGE for 1.5 h at 120 V. Proteins 
were transferred to PVDF membranes for 45 min at 70 mA. 
The following antibodies were used according to the instruc-
tions of the manufacturer: STAT3 (H-190) (sc-7179, Santa Cruz 

Lp(a) serum levels ( 9, 10 ), which might be responsible for 
the increased cardiovascular risk found in such subjects 
( 10 ). Also, sepsis as a model for acute activation of the in-
nate immune system is associated with alterations of Lp(a) 
metabolism in humans ( 12 ). Moreover, there is evidence 
that Lp(a) levels also increase with other conditions such 
as surgery or myocardial infarction ( 13 ), all possibly being 
associated with induction of the innate immune system. 

 In 2009, a monoclonal antibody against the interleukin 
6 (IL-6) receptor, referred to as tocilizumab (TCZ), was 
approved for the treatment of RA in Europe. In a recent 
clinical study of our group, we have shown that TCZ lowers 
Lp(a) serum levels in RA patients by up to 50% ( 14 ). This 
was confi rmed recently in an independent cohort ( 15 ). 
Due to this fi nding, one may consider modern anti-cytokine 
therapies as a new promising approach for lowering Lp(a) 
levels in affected patients as an alternative to the much 
more invasive lipid apheresis. The aim of the present 
study was to examine whether the Lp(a)-lowering effect 
is specifi c to TCZ or whether the much more commonly 
used anti-TNF- �  antibodies [e.g., adalimumab (ADB)] 
exert comparable effects. Furthermore, we aimed to iden-
tify the molecular mechanisms by which an anti-cytokine 
therapy infl uences serum Lp(a) concentrations in order 
to provide a comprehensive pathophysiological concept 
for potential future clinical trials on monoclonal anticyto-
kine antibodies as treatment options for human subjects 
with elevated Lp(a) serum concentrations and progressive 
CVD. 

 MATERIALS AND METHODS 

 The study was approved by the local ethics committees before 
the commencement of the study. All patients provided written, 
informed consent. 

 Study populations 
 TNF- �  inhibition study population.   Sera of 12 RA patients were 

taken before and 3 months after anti-TNF- �  therapy in order to 
study the infl uence of this intervention on serum Lp(a) levels. 
This study design is comparable to our TCZ study published in 
2010 ( 14 ). Mean weight, BMI, age, and gender distribution of the 
treated subjects included in the study population were 78.3 ± 4.7 kg, 
25.1 ± 1.3 kg/m 2 , 52.1 ± 4.4 years, and 52.9% male subjects, 
respectively. 

 Liver biopsy study population.   The liver biopsy cohort was de-
scribed recently in a different research project ( 16 ). The subjects 
did not suffer from any CIDs but had a BMI  � 28 kg/m 2 . 

 FoCus cohort study population.   As part of the Food Chain Plus 
(FoCus) project (http://www.focus.uni-kiel.de), human subjects 
(n = 1,153) were examined in order to relate Lp(a) serum levels 
to several infl ammatory and metabolic parameters. Of the hu-
man subjects (n = 1,153), 500 were enrolled from the obesity out-
patient clinic of the Department of Internal Medicine I of the 
University of Kiel. The remaining 653 subjects were recruited 
from the regional registration offi ces as cross-sectional controls. 
Basic characteristics of the study cohort (mean + SEM) were as 
follows: BMI, 31.96 + 0.31 kg/m 2 ; HOMA-IR  , 5.28 + 0.31; CRP  , 
5.02 + 0.25 mg/l; IL-6, 4.65 + 0.24 pg/ml; Lp(a), 224.00 + 6.83 
mg/l; TG, 132.60 + 2.92 mg/dl; gender distribution, 34.69% 
male; and mean age, 51.82 + 0.43 years. 
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[10 mM HEPES, 10 mM KCl, 0.2 mM EDTA, pH 7.9, 1 mM DTT, 
PhosSTOP (Roche), protease inhibitor cocktail (Sigma)] to sep-
arate the cytosolic fraction from the nuclear fraction, subse-
quently centrifuged for 1 min at 13,000 rpm and 4°C. The 
remaining pellet (nuclear fraction) was resuspended in ex-
traction buffer B [20 mM HEPES, 0.4 M NaCl, 0.2 mM EDTA, 
pH 7.9, 1 mM DTT, PhosSTOP (Roche), protease inhibitor cock-
tail (Sigma)], vortexed for 20 min at 4°C, and afterward centri-
fuged for 5 min at 13,000 rpm and 4°C. Supernatant (nuclear 
extract) was collected and stored at  � 80°C. Five micrograms of 
nuclear protein extract was then incubated with 1 pmol 3 ′ -end 
biotin-labeled double-stranded oligonucleotides being com-
plementary to IL-6-RE 6 of the  LPA  promoter ( 17 ) or 1 pmol 
3 ′ -end biotin-labeled double-stranded oligonulceotides in 
which the specifi c STAT3 binding motif of IL-6-RE 6 is mutated 
(for sequences, see supplementary Table 1) and 1 µg poly 
deoxyinosinic-deoxycytidylic in supplied binding buffer (sup-
plemented with 5% glycerine and 1 mM EDTA) for 30 min at 
room temperature. Competitive reaction was performed under 
identical conditions adding 200-fold of the amount of the re-
spective unlabeled oligonucleotide. In supershift assays, 4 µg 
STAT3 supershift antibody [STAT3 (C20): sc-482×, Santa Cruz 
Biotechnology] was incubated with 5 µg of nuclear extracts 
and 1 µg poly dI·dC in binding buffer for 30 min at 15°C. After-
ward, 1 pmol 3 ′ -end biotin-labeled double-stranded oligonucle-
otide was added and again incubated for 30 min at 20°C. 
Samples were separated on a 5% PAGE, and fi nal analysis was 
performed according to the LightShift® Chemiluminescent 
EMSA Kit (20148, Pierce Thermo Scientifi c). 

 Oligonucleotide liver microarray hybridization 
 For homogenization of 5 to 10 mg frozen tissue and subse-

quent nucleic acid isolation, tubes with 1.4 mm ceramic beads 
(Precellys) and the AllPrep DNA/RNA Mini Kit (Qiagen) were 
used. Hybridization of the HumanMethylation450k Bead Chip 
(Illumina) permitting combined analysis of global methylation 
status and gene expression levels, subsequent scanning (iScan, 
Illumina), and mRNA expression analysis using the HuGene 1.1 
ST gene (Affymetrix) were performed according to the manufac-
turers’ protocols. 

 Correlation analysis as to which genes are correlated with the 
 LPA  gene was initially performed. Next, annotation of gene sym-
bols being positively and signifi cantly ( r   �  0,  P  < 0.05) correlated 
with the  LPA  gene was performed using the GeneID Conversion 
Tool of the DAVID Bioinformatics Resources 6.7 software (Na-
tional Institute of Allergy and Infectious Diseases, National Insti-
tutes of Health; http://david.abcc.ncifcrf.gov/). The converted 
gene list was further analyzed using the Functional Annotation 
Clustering Tool in order to select only genes being related to 
“acute phase response,” “acute infl ammatory response,” “infl am-
matory response,” “activation of plasma proteins involved in 
acute infl ammatory response,” “regulation of infl ammatory re-
sponse,” “regulation of acute infl ammatory response,” and “posi-
tive regulation of infl ammatory response.” 

 Statistical analysis 
 Statistical analysis was performed using SPSS Statistics Soft-

ware Version 22 (IBM) and GraphPad Prism Software Version 
5.04. If the assumption of normal distribution of the data was not 
violated (tested using Shapiro-Wilk), Student’s  t -test or ANOVA 
was used. In the case of data that were not normally distributed, 
the Mann-Whitney  U -test (Wilcoxon sign-rank test for paired ob-
servations) or Kruskal-Wallis test was applied. The signifi cance 
level was set at 5%, and multiple comparisons were performed 
using Bonferroni or Dunn’s posttest. 

Biotechnology) and GAPDH (#2118, Cell Signaling Technology). 
All secondary antibodies were purchased from Cell Signaling 
Technology. 

 Cloning of  LPA  promoter and luciferase reporter 
gene assay 

 To investigate whether both the human apo(a) ( LPA ) and 
 FAS  are specifi cally activated by the cytokine IL-6, the  LPA  pro-
moter was fi rst amplifi ed by PCR from human genomic DNA. 
Therefore, a specifi c sense primer fl anking  � 1,293 to  � 1,270 
[according to the published sequence in Ref. ( 17 )] and an an-
tisense primer fl anking +153 to +131 of the  LPA  promoter were 
used to amplify the full-length promoter region. Because prim-
ers were created including restriction sites for  Sac I and  Bgl II, 
PCR products were directly cloned into the multiple cloning 
site of pGL3   basic luciferase vector once digestion of both vec-
tor and insert with appropriate restriction enzymes had been 
performed. Integrity was confi rmed by sequencing. The result-
ing plasmid is further referred to as pGL3- LPA . For transient 
transfection using lipofection agent Roti®-Fect (Carl Roth 
GmbH), HepG2 cells were grown in 24-well plates to 60–70% 
confl uency. Then 0.5 µg of pGL3- LPA  or pGL2- FAS  was applied 
per well. To correct for transfection effi ciency, 12.5 ng/well 
phRL-TK (Promega) were cotransfected. For overexpression 
experiments, 1.5 µg of the pcEP4-mSTAT3 construct, kindly 
provided by Dr. Christoph Garbers (Department of Biochemis-
try, University of Kiel), was applied in addition to 0.5 µg of 
pGL3- LPA  and 12.5 ng phRL-TK. Cells were subsequently incu-
bated with transfection medium (Opti-MEM®, 10% FCS, Roti®-
Fect) for 24 h followed by a 12 h incubation in serum-reduced 
full medium (1% FCS). Twenty-four hours after stimulation 
with 10 ng/ml IL-6 as well as 100 µg/ml TCZ or 100 ng/ml ADB 
(both antibodies 1 h prior to IL-6 stimulation), cells were lysed 
by applying Passive Lysis Buffer (Promega), and luciferase activ-
ity was detected in a luminometer (Berthold Mithras LB 940) 
using the dual luciferase reporter assay kit (Promega). In the 
case of STAT3 pathway inhibition experiments, 0.5 µM of 
WP1066, a cell permeable inhibitor of STAT3 and Janus kinase 
2 (JAK-2), a protein tyrosine kinase, was applied 1 h prior to 
IL-6 stimulation. 

  LPA  promoter deletion experiments 
 For examining the six putative IL-6 binding sites ( 17 ) within 

the  LPA  promoter, the cloned  LPA  promoter was truncated using 
existing restriction sites within the  LPA  promoter sequence. 
pGL3- LPA  (1,452 bp) served as fragment 1 containing all IL-6 
responsive elements (REs). For fragment 2 (1,275 bp) contain-
ing IL-6-REs 2 to 6 ( see   Fig. 6A ), pGL3- LPA  was restricted using 
 Nla IV and  Bgl II, blunted, and subsequently cloned into an  Sma I-
restricted pGL3 basic vector.  Ase I and  Bgl II were used to obtain 
fragment 3 (1,046 bp) containing IL-6-REs 3 to 6;  Bsu 36I and 
 Bgl II, for fragment 4 (796 bp) containing IL-6-REs 4 to 6;  Eco RV 
and  Bgl II, for fragment 5 (716 bp) containing IL-6-REs 5 to 6; 
 Blp I and  Bgl II, for fragment 6 (153 bp) containing only IL-6-RE 6; 
and  Sac I and  Blp I, for fragment 7 (1,298 bp), followed by the 
procedure described above. Sense directed inserts were selected 
using PCR primers fl anking the region of pGL3 basic vector and 
promoter fragment linkage (supplementary Table 1) and further 
confi rmed by control digestion. Established promoter constructs 
were analyzed using luciferase reporter gene assays according to 
the previous section. 

 EMSA 
 For EMSA experiments, nuclear extracts of Huh7 cells 

were generated by scraping washed cells into extraction buffer A 
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but are also infl uenced by IL-6.   To further support the 
fi nding that Lp(a) and IL-6 are indeed biologically related, 
we also performed a subgroup analysis, which showed 
that the correlation between Lp(a) and IL-6 still remained 
signifi cant in a nonobese group with normal CRP ( r s   = 
0.104,  P  = 0.009, n = 635). In addition, the association of 
Lp(a) and IL-6 found in that population-based cohort sug-
gests that IL-6 is important in Lp(a) metabolism in hu-
mans in vivo, not only in the context of RA but also in the 
general population. 

 Expression of typical IL-6 response genes correlates with 
 LPA  expression in human liver in vivo 

 Because serum levels of Lp(a) might also be infl uenced 
by serological factors other than cytokines [e.g., estrogens 
( 19 )], we next aimed to further examine the impact of 
IL-6 signaling on  LPA  gene expression in human liver in 
vivo. Therefore, we performed reanalysis of a previous mi-
croarray study ( 16 ) in which liver biopsies were obtained 
during elective surgical procedures. In this clinical study, 
human subjects without any CID were included. By corre-
lation analysis of hepatic  LPA  gene expression with the 
expression of known infl ammatory response-associated 
genes, we found signifi cant associations with several typi-
cal IL-6 acute phase response genes ( 20 ), for example, 
complement C9 ( r  = 0.61677), C4b binding protein ( r  = 
0.60312), and three serpin peptidase inhibitors (supple-
mentary Table 2). These data clearly indicate a relation-
ship of the IL-6 activity and  LPA  expression in human liver 
in vivo even in the absence of a classical CID such as RA. 

 TCZ inhibits IL-6-induced expression of  LPA  in 
human hepatocytes 

 Because our clinical studies suggested that there may be 
a possible link between IL-6 and  LPA  expression in hu-
mans in vivo, we next aimed to further analyze that rela-
tionship on a molecular level. The exposure of human 
hepatocytes to IL-6 for 12 and 48 h resulted in a signifi cant 
upregulation of hepatic  LPA  at mRNA and protein levels, 
respectively (  Fig. 3  ).  Next, we coincubated the cells with 
IL-6 and the IL-6-receptor antibody TCZ. This indeed led 
to a signifi cant inversion of the effect caused by IL-6 stimu-
lation on  LPA  mRNA and protein expression ( Fig. 3 ), in-
dicating also on a molecular level that an IL-6-blockade 
may be a promising tool for the treatment of elevated 
Lp(a) in humans. 

 TCZ specifi cally inhibits  LPA  promoter activity in 
human hepatocytes 

 In order to further characterize the effects of IL-6 on 
 LPA  promoter activity, we cloned the full-length pro-
moter of  LPA  into the pGL3 plasmid and subsequently 
performed luciferase reporter gene assays in human he-
patocytes. In this experiment, we found that IL-6 is able 
to activate the  LPA  promoter (  Fig. 4A  ).  When coincu-
bated with TCZ and IL-6, IL6-induced  LPA  promoter 
activity decreased down to the baseline (without stimula-
tion) ( Fig. 4B ). However, having costimulated the cells 
with the anti-TNF- �  antibody ADB,  LPA  gene promoter 

 RESULTS 

 Lowering of Lp(a) serum levels in humans is specifi c for 
IL-6 inhibition 

 In a recent clinical study from Schultz et al. ( 14 ), we 
have shown that IL-6 inhibition due to the monoclonal an-
tibody TCZ results in a reduction of Lp(a) serum levels to 
a greater extent than the drug niacin, which for a long 
period of time has been suggested to be the standard ther-
apy for that metabolic abnormality ( 18 ). In order to inves-
tigate whether the Lp(a)-lowering effect is specifi c for IL-6 
inhibition, we measured Lp(a) in the serum of 12 human 
RA subjects before and after 3 months of anti-TNF- �  ther-
apy with ADB, which is a study design comparable to our 
fi rst report ( 14 ). This analysis showed no signifi cant change 
of Lp(a) serum levels in response to anti-TNF- �  therapy 
(  Fig. 1  ).  This fi nding suggests that the effect of the innate 
immune system on serum Lp(a) levels in humans is not of 
a common unspecifi c nature but is highly specifi c for the 
cytokine IL-6. 

 Elevated IL-6 serum levels are associated with an increase 
of Lp(a) in humans in vivo 

 To further analyze the association of elevated Lp(a) se-
rum levels and IL-6 in humans, we measured both factors 
in a population-based cohort including human subjects (n 
= 1,153) from the north of Germany. In that analysis, we 
compared Lp(a) serum levels between individuals exhibit-
ing normal IL-6 serum levels (<6 pg/ml) and individuals 
exhibiting elevated IL-6 serum levels (>6 pg/ml). This 
comparison revealed signifi cantly higher Lp(a) concentra-
tions in subjects with elevated IL-6 compared with individ-
uals with normal IL-6 serum levels (  Fig. 2  ).  Strikingly, as 
shown in   Tables 1 ,  2  , further analysis revealed that Lp(a) 
serum concentrations are more correlated to IL-6 ( r s   = 
0.103,  P  = 0.0005, n = 1,153) compared with metabolic pa-
rameters (BMI, HOMA-IR, TG), suggesting that Lp(a) se-
rum concentrations are not only genetically determined 

  Fig.   1.  TNF- � -antibody treatment does not decrease Lp(a) se-
rum levels in RA patients. Data are given as means + SEM of pa-
tients (n = 12) with RA treated with TNF- � -antibody ADB for a time 
period of n = 3 months. Statistical signifi cance was tested using Wil-
coxon sign-rank test for paired observations; ns, not signifi cant.   
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bound to transcription factor STAT3 ( Fig. 6B, C ). Be-
cause we have shown that most likely only IL-6-RE 6 regu-
lates the transcription, we further costimulated the cells 
transfected with the promoter construct containing IL-
6-RE 6 (designated as pGL3-p LPA .F6;  Fig. 6A ) with TCZ 
and IL-6 showing that the effect of IL-6 is indeed inhib-
ited by TCZ ( Fig. 6D ). To further analyze TCZ effects on 
 LPA , we additionally carried out EMSAs for IL-6-RE 6. 
This analysis showed that IL-6 specifi cally activates STAT3 
consequently binding to IL-6-RE 6 ( Fig. 6E ). To confi rm 
specifi city of the binding of STAT3 to IL-6-RE 6, a STAT3 
antibody was used. As shown in  Fig. 6E , preincubation 
with that antibody blocked the binding of STAT3 to the 
IL-6-RE 6, proving specifi city of the effect. A mutant ver-
sion of the oligonucleotide being complementary to IL-
6-RE 6 of the  LPA  promoter was used to further verify a 
targeted binding of transcription factor STAT3 to IL-
6-RE 6 of the  LPA  promoter. Indeed, the mutation of 
STAT3 binding motif (CTGGGA) resulted in a substan-
tial attenuation of the STAT3 band ( Fig. 6E ). 

activity did not change ( Fig. 4B ), indicating the effect 
to be specifi c for TCZ. Next, we examined whether the 
promoter of  FAS  as an additional gene of the lipid me-
tabolism may also be activated by IL-6 in order to exclude 
unspecific metabolic effects of hepatocytes in that in 
vitro experiment. However, this control experiment re-
vealed that IL-6 does not activate the  FAS  promoter 
( Fig. 4C ), indicating specifi city of the TCZ effect on the 
 LPA  promoter. 

 STAT3 overexpression and inhibition regulates  LPA  
promoter activity in human hepatocytes 

 We additionally present evidence that STAT3 overex-
pression led to a signifi cant upregulation of  LPA  promoter 
activity (  Fig. 5A  , upper panel) in human hepatocytes. A 
Western blot for STAT3 confi rmed a successful overex-
pression of the STAT3 protein ( Fig. 5A,  lower panel).  Fur-
thermore, we examined whether the STAT3/JAK2 inhibitor 
WP1066 might downregulate  LPA  promoter activity. In-
deed, this experiment revealed that WP1066 is able to sig-
nifi cantly diminish IL-6-induced  LPA  promoter activity 
( Fig. 5B ). 

 TCZ regulates  LPA  promoter activity via an RE 
at  � 46 to  � 40 

 The  LPA  promoter contains six established IL-6-REs 
(also STAT3 binding sites), which is why we have trun-
cated the full-length  LPA  promoter and generated seven 
constructs, the fi rst containing the fragment including 
all six IL-6-REs, the sixth only containing IL-6-RE 6, and 
the seventh containing all IL-6-REs except for IL-6-RE 6 
(  Fig. 6A  ).  We then performed luciferase reporter gene 
assays by incubating transfected human hepatocytes with 
IL-6 for 24 h in order to examine which IL6-REs are re-
sponsible for the transcriptional activity. Our results indi-
cated that IL-6-REs 1–5 may not be important for the 
expression of the  LPA  gene, whereas IL-6-RE 6 at  � 46 to 
 � 40 seems to be the major regulatory element when 

  Fig.   2.  Elevated IL-6 serum levels and those of IL-6 response protein CRP are signifi cantly associated with 
an increase of Lp(a) in humans in vivo. This association analysis represents signifi cant differences of Lp(a) 
serum levels in groups with normal (n = 955) and elevated (n = 198) IL-6 serum levels ( P  = 0.0015) (A). In 
addition, signifi cant differences of Lp(a) serum levels in groups with normal (n = 680) and elevated (n = 
473) CRP serum levels ( P  = 0.0018) were found (B). CRP is an IL-6-induced acute phase response protein, 
which suggests a major role of IL-6 regarding the relationship to Lp(a). Data are given as means + SEM, and 
statistical signifi cance was tested using Mann-Whitney  U -test. **  P  < 0.01.   

 TABLE 1. Correlation analysis between BMI and different 
infl ammatory and metabolic parameters in the FoCus cohort     

BMI (kg/m 2 )

 r s   P 

HOMA-IR 0.6170 <0.0001
CRP (mg/l) 0.6138 <0.0001
IL-6 (pg/ml) 0.4448 <0.0001
TG (mg/dl) 0.4345 <0.0001

Shown   are the Spearman correlation coefficient ( r s  ) and the 
corresponding  P  value of each correlation. Correlation analysis between 
BMI and different infl ammatory and metabolic parameters is shown 
to demonstrate that the FoCus cohort (n = 1,153), collected in the 
north of Germany and designed to examine the impact of infl ammatory 
parameters in the pathogenesis of metabolic and nutrition-associated 
diseases, is a reliable cohort in terms of known associations described in 
other cohorts.
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 TABLE 2. Correlations between Lp(a) and different infl ammatory 
and metabolic parameters in the FoCus cohort     

Lp(a) (mg/l)

 r s   P 
CRP (mg/l) 0.1074 0.0003
IL-6 (pg/ml) 0.1025 0.0005
BMI (kg/m 2 ) 0.0935 0.0015
HOMA-IR 0.0732 0.0129
TG (mg/dl) 0.0707 0.0164

Shown are the Spearman correlation coeffi cient ( r s  ) and the 
corresponding  P  value of each correlation.

  Fig.   3.  TCZ inhibits IL-6-induced expression of  LPA  in human he-
patocytes. Shown are  LPA  mRNA (A) and protein (B) expression 
following IL-6 and TCZ exposure for 12 and 48 h in whole cell ex-
tracts of human hepatocytes, respectively. A:  � -actin expression 
served as the housekeeping gene in real-time RT-PCR. Data are ex-
pressed in ratios of  LPA / � -actin and are given as means + SEM of n 
= 3 independent experiments in duplicate. B: Detection of heat 
shock protein 90 (HSP90) expression served as loading control. The 
shown immunoblot is one representative out of n = 3 independent 
experiments. Densitometry graph data in this fi gure are shown as 
means + SEM. Statistical signifi cances were tested using ANOVA. 
*  P  < 0.05; ns, not signifi cant, compared with control (ctrl).   

 DISCUSSION 

 It was demonstrated that Lp(a) levels are only infl u-
enced by a limited number of physiological factors [such 
as estrogens ( 19 )], disease conditions [such as renal fail-
ure ( 21–23 )], or environmental agents [such as alcohol 
( 24 )]. Circulating levels of Lp(a) are further remarkably 
resistant to common lipid-lowering therapies ( 25–27 ). 
One exception to effectively lower Lp(a) levels is niacin 
when given in high doses (2–3 g/day) ( 28, 29 ). These 
doses of niacin, however, can be associated with head-
aches, fl ushing, and liver toxicity and fi nally noncompli-
ance. Also, due to unfavorable side effects, a special 
slow-release formation of niacin (Tredaptive™) was re-
cently withdrawn from the market. Aspirin at low doses 
was further shown to decrease Lp(a) serum levels slightly 
( 30 ) indicating rather minor importance. Thus, there are 
currently no robust pharmaceutical treatments available 
for the reduction of Lp(a). Therefore, at present, lipid 
apheresis, which is invasive, costly, and labor intensive, is 
the only therapeutic option for subjects with CVD progres-
sion and highly elevated Lp(a) levels ( 31, 32 ). For this 
reason, alternative well-tolerated and more convenient 
therapeutic approaches are required to decrease elevated 
Lp(a) serum level. 

 Our present study and our two previous reports on that 
subject ( 14, 33 ) present several lines of evidence that IL-6 
is a promising drug target for the treatment of elevated 
Lp(a) levels in humans:  1 ) Lp(a) serum levels are elevated 
in human subjects with increased IL-6 levels in vivo ( Fig. 
2 );  2 ) Lp(a) serum levels are elevated in human subjects 
carrying the  � 174G/C polymorphism in the human IL-6 
promoter ( 33 );  3 )  LPA  expression in human liver is re-
lated to IL-6 signaling in vivo (supplementary Table 2);  4 ) 
treatment of human subjects with TCZ lowers Lp(a) se-
rum levels to a greater extent than niacin ( 14, 15 );  5 ) TCZ 
inhibits IL-6-induced expression of  LPA  in human hepato-
cytes on mRNA and protein level ( Fig. 3 );  6 ) TCZ inhibits 
IL-6-mediated  LPA  promoter activity on a molecular level 
( Fig. 4 );  7 ) STAT3 overexpression and inhibition signifi -
cantly regulates  LPA  promoter activity ( Fig. 5 );  8 ) the TCZ 
effect is mediated by a specifi c STAT3 binding site within 
the human  LPA  promoter ( Fig. 6 ); and  9 ) anti-TNF- �  anti-
body treatment does not signifi cantly infl uence Lp(a) 
levels in a time period of 3 months ( Fig. 1 ) while IL-6 
inhibition by TCZ reduced Lp(a) serum levels within a few 
weeks ( 14 ), clearly suggesting a direct and specifi c effect. 

 However, besides that strong evidence, until now the con-
cept of using IL-6 as a drug target for Lp(a) therapy has had 
two limitations. First, the effect of TCZ on Lp(a) levels so far 
has only been shown in patients with a treatment indication 
for TCZ (e.g., RA). Although in the present report we pro-
vide evidence for a link between IL-6 and Lp(a) also in the 
general population, a future clinical study will be necessary 
including patients with elevated Lp(a) levels not suffering 
from RA, demonstrating that the metabolic effect of TCZ 
does not depend on the presence of a CID. 

 Second, several reports in the past have shown that 
TCZ increases LDL-cholesterol levels in RA patients ( 15 ). 
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TCZ-treated RA subjects is mostly due to an increase in 
high- and normal-density LDL particles, whereas small 
dense LDL particles, being most important for athero-
sclerosis progression, are not affected by IL-6 inhibition 
due to TCZ ( 15 ). Finally, it has to be mentioned that 
most of the patients with elevated Lp(a) levels and pro-
gressive CVD are on statin therapy, which potentially 
compensates the unfavorable LDL effect of TCZ. Hence, 
at least from our point of view, the slight elevation of 
LDL-cholesterol in TCZ-treated RA patients is not a ma-
jor factor arguing against a future clinical trial for TCZ as 
a treatment option for elevated Lp(a) levels in humans 
with progressive CVD. 

Indeed, in collaboration with the group of P. P. Tak from 
the University of Amsterdam, we have recently shown 
that LDL-cholesterol elevation is the result of a specifi c 
inhibition of TCZ on LDL-receptor expression in hepato-
cytes ( 34 ). However, it has to be taken into account that 
LDL-cholesterol levels in RA patients are known to be 
lower compared with the general population ( 35 ). Thus, 
the slight increase found during TCZ therapy of RA 
patients might just indicate an increase of the LDL-
cholesterol into the individual “normal” range. Also, it is 
important to mention that the MEASURE study ( 15 ) re-
cently showed that the increase of LDL-cholesterol in 

  Fig.   4.  TCZ specifi cally inhibits  LPA  promoter activity in human 
hepatocytes. Shown is  LPA  (A, B) and  FAS  (C) promoter activity 
(RLU) stimulated with IL-6 (A, C) and TCZ or ADB (B) in human 
hepatocytes. Data are expressed in x-fold of pGL3-p LPA  or pGL2-
p FAS  and are given as means + SEM of n = 5 independent experi-
ments, each performed in duplicate. Statistical signifi cance was 
tested using Student’s  t -test, Mann-Whitney  U -test, or Kruskal-Wallis 
test. ***  P  < 0.001; ns, not signifi cant, compared with pGL3-p LPA  
or pGL2-p FAS.    

  Fig.   5.  STAT3 overexpression and inhibition regulates  LPA  pro-
moter activity in human hepatocytes. Shown is  LPA  promoter activ-
ity (RLU) (upper panel) and STAT3 protein expression (lower 
panel) when STAT3 is overexpressed by introducing a STAT3 over-
expression plasmid containing STAT3 cDNA (pcEP4-mSTAT3) in 
human hepatocytes (A). B:  LPA  promoter activity in human hepa-
tocytes stimulated with IL-6 and with IL-6 in the presence of 
STAT3/JAK-2 inhibitor WP1066. All data are expressed in x-fold of 
pGL3-p LPA .F6 and are given as means + SEM of n = 3 independent 
experiments, each performed in duplicate. Statistical signifi cance 
was tested using Student’s  t -test and ANOVA. *  P  < 0.05, ***  P  < 
0.001, compared with pGL3-p LPA .F6.   
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  Fig.   6.  IL-6-RE 6 of  LPA  promoter confers major transcriptional activity following IL-6-dependent binding of transcription factor STAT3. 
Shown are IL-6-induced  LPA  promoter activities (RLU) (B, C) of truncated  LPA  promoter fragments (A) in human hepatocytes. D: Inhibi-
tion of IL-6-induced promoter activity of truncated  LPA  promoter containing IL-6-RE 6 by TCZ. Data are expressed in x-fold of the respec-
tive control (white bar) and are given as means + SEM of at least n = 4 independent experiments, each performed in duplicate. Statistical 
signifi cance was tested using Student’s  t -test or ANOVA. ***  P  < 0.001; ns, not signifi cant. E: One representative EMSA out of at least n = 3 
independent experiments using oligonucleotides being complementary to IL-6-RE 6 of the  LPA  promoter (left panel) and using oligonu-
cleotides in which the specifi c STAT3 binding sequence (CTGGGA) of IL-6-RE 6 is mutated (right panel). The STAT3 supershift antibody 
used specifi cally blocks the DNA binding domain resulting in disappearance of the STAT3 shift [also see ( 36 )].   
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