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infected patients is significantly associated with TDF
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Objective: To evaluate the prevalence and origin of
macroenzyme creatine kinase type 2 (Macro CK2) in HIV-
1-infected patients on antiretroviral treatment.

Design: CK, CK-MB activity and protein weight, elec-
trophoretic behaviour, glomerular filtration rate (GFR),
aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), bone alkaline phosphatase (AP),
2-microglobulin serum levels and proteinuria were
analysed in 468 HIV-infected outpatients. Sera with
detectable Macro CK2 were further analysed using
immunoblotting.

Results: CK-MB isoenzyme activity and mass concentra-
tion revealed the presence of Macro CK2 in 32/408
(7.8%) outpatients. Tenofovir DF (TDF) treatment was a
prominent common feature in these patients. Prospective

examination of sera from 41 patients collected prior to
and during TDF exposure showed Macro CK2 in 20/41
(48%) TDF-treated patients and in 0/19 control sera from
patients with TDF-free regimens. Macro CK2 was not
present prior to TDF exposure. Patients with Macro CK2
showed a significant elevation of serum 2-microglobulin
levels. GFR, AST/ALT ratio, bone AP and proteinuria
remained unchanged. Electrophoresis and immunoblot-
ting demonstrated that the Macro CK2 in TDF-treated
patients consisted of the ubiquitous (uMtCK) and not the
sarcomeric type (sMtCK) of mitochondrial CK (MtCK).
Conclusions: Macro CK2 consisting of uMtCK is associ-
ated with the use of TDF-containing regimens. Whether
the appearance of uMtCK in these patients reflects mito-
chondrial damage remains to be clarified.

Introduction

Elevation of creatine kinase (CK) in HIV-infected
patients is a frequent finding associated with cardiac or
muscle disease under highly active antiretroviral treat-
ment (HAART) [1,2]. Macroenzymes are enzymes with
high molecular weight resulting in reduced blood clear-
ance. This often leads to an increased serum activity
that can confound laboratory tests [3].

Macroenzyme creatine kinase (Macro CK) is an
abnormal CK isoenzyme found in approximately 1%
of patients tested for CK, and a diagnostic problem in
interpretation of elevated total serum CK and CK-MB
concentrations. Based on their different molecular
weights, CK isoenzyme determination by elec-
trophoresis allows the diagnosis of Macro CK and
measurement of the true CK-MB fraction [4].

Two types of Macro CK have been identified:
Macro CK type 1 (Macro CK1) is a cytoplasmatic
complex formed by one of the CK isoenzymes and
immunoglobulins. It has a prevalence rate of 0.4-1.2%
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and is associated with autoimmune disease [5]. Macro
CK type 2 (Macro CK2) represents mitochondrial CK
(MtCK) and consists of oligomeric complexes charac-
terized by heat stability, increased molecular mass and
high activation energy [6]. MtCKs are usually found
exclusively in the mitochondrial compartment of cells
attached to the outer surface of the mitochondrial inner
membrane and are key players in energy metabolism
[7]. Two isoenzymes of MtCK have been defined based
on tissue expression. They are designated as sarcomeric
(sMtCK) or ubiquitous (uMtCK) MtCK. The appear-
ance of MtCK in the serum is associated with malignant
cell proliferation. Macro CK2 is often detected in
severely ill patients with malignant tumours with an
estimated prevalence rate of 0.5-3.7%, the higher rates
being reported from inpatient populations [8,9]. The
association of Macro CK2 with malignancy may be
linked to the direct release of the enzyme from malig-
nant or necrotic cells. In addition, the compensatory
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up-regulation of MtCK gene expression as a response
to cellular damage may be a clinical sign of mitochon-
drial cytopathy and toxicity [10].

Tenofovir disoproxil fumarate (TDF), a tenofovir
prodrug, is the first nucleotide analogue reverse tran-
scriptase inhibitor (NRTI) approved for treatment of
HIV disease. TDF has a favourable safety profile and
shows potent antiviral activity against drug-resistant
strains of HIV [11]. Treatment with TDF appears to be
free of any major toxicity issues. Studies evaluating the
in vitro toxicity of TDF on several human cell types have
demonstrated low cytotoxicity of TDF as compared with
other NRTIs [12]. The most commonly reported labora-
tory abnormalities seen in clinical studies of TDF treat-
ment include increases in serum CK [13].

An accumulation of macroenzymes in HIV-infected
patients has not been reported to date. We present here
the results of a study on the detection and prevalence of
Macro CK2 in HIV-1-infected antiretrovirally treated
outpatients. We demonstrate a significant association
of uMtCK appearance and TDF containment of anti-
retroviral treatment.

Patients and methods

Laboratory assays
All laboratory assays were performed in a blinded fashion.

Screening for Macro CK activity

Total CK activity was measured with the N-acetylcys-
teine-activated method at 37°C in a centrifugal spec-
trophotometric analyser (Cobas Integra 800 Bio; Roche
Analytical Instruments, Penzberg, Germany) using
N-acetyl cysteine (NAC)-activated reagents (reagent
for CK-NAC; Roche Analytical Instruments) [14]. CK-
MB activity was determined by immunoinhibition on
the same analyser. Reference limits for total CK activity
were <155 U/l for women or <180 U/l for men, and for
CK-MB <15 U/, respectively.

CK-MB mass was assessed with an electrochemilu-
minescence immunoassay on an Elecsys 2010 analyser
(Roche Diagnostics, Mannheim, Germany). The upper
limit of the reference interval for CK-MB mass deter-
mined by the manufacturer was less than 5 ng/ml (ug/l).

Patients were classified as ‘Macro CK suspect’ if the
following combination of laboratory findings was
present: elevated total CK activity, implausible high CK-
MB activity and normal CK-MB mass without evidence
of myocardial infarction or skeletal muscle trauma.

To exclude myocardial infarction, cardiac Troponin T
levels (reference level <0.01 ng/ml) were measured by elec-
trochemiluminescence (Elecsys 2010; Roche Diagnostics).

B2-Microglobulin (B2-MG; reference range <3.0 mg/l)
was measured by a rapid automated particle-enhanced
turbidimetric method using an immunoturbidimetric
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assay kit (Roche Diagnostics) with a Hitachi 917 analyser
(Hitachi, Tokyo, Japan). Activity of aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) in
plasma was determined by routine laboratory testing in
compliance with the International Federation of Clinical
Chemistry standards with pyridoxalphosphate at 37°C
(reference values: AST (37°) <33 U/l for women or
<40 U/l for men, ALT (37°) <35 U/l for women or
<45 U/l for men). The AST/ALT ratio was calculated as
a marker for liver injury [15]. The total activity of serum
alkaline phosphatase (AP) and its bone isoenzyme (BAP)
was determined with the Hydragel 7 Iso-PAL assay from
Sebia GMBH (Fulda, Germany) [reference values: AP
<80 U/l for women or <122 U/l for men, BAP <44 U/l
(20-74% of AP) for women or <73 U/l (23-75% of AP)
for men]. The glomerular filtration rate (GFR) was
calculated on the basis of the modified Modification of
Diet in Renal Disease Study (MDRD) formula (186.3 x
serum creatinine (mg/dl)™""*x age (years)™®** x 1.210 if
black resp. x 0.742 if female [16].

Protein excretion by spot urinary protein to creatinine
(Crea) ratio (protein excretion mg/g Crea; reference
<100.0 mg/g Crea) was determined spectrophotometri-
cally according to the benzethonium chloride method on
an Olympus AU 2700 analyser (Olympus Diagnostics
GmbH, Hamburg, Germany).

Macro CK2 is believed to represent MtCK, a mostly
octameric enzyme actually localized in the cristae and
the intermembrane space of mitochondria. Two isoen-
zymes of MtCK exist (sMtCK and uMtCK) which show
a stringent tissue-specific nRNA and protein expression
pattern. To study the type of MtCK that corresponds to
the Macro CK2 appearance in sera of TDF-treated
patients, and to confine thereby the origin of the MtCK,
two further experiments were carried out: (i) the elec-
trophoretical pattern of Macro CK2 was compared
with that of highly purified, recombinant human
sMtCK and uMtCK proteins, and (ii) immunoblots for
Macro CK2 with rabbit immune sera against human
sMtCK and human uMtCK were examined.

Detection and differentiation of Macro CK

CK macroenzymes electrophoresis was performed using
a semi-automated Hydrasys agarose gel electrophoretic
apparatus (Sebia GMBH, Fulda, Germany) used
according to the manufacturer’s protocol. Electrophor-
etically, Macro CK1 is the so-called anodal Macro CK
and usually migrates between CK-MM and CK-MB,
whereas Macro CK2 migrates cathodal to CK-MM.
Macro CK isoenzymes were diagnosed exclusively on
the basis of their electrophoretic behaviour.

Immunoblotting of MtCK
Immunoblotting of MtCK was performed as previously
described [17]. Sera from patients with and without
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detectable Macro CK2 as well as highly purified,
recombinant human sMtCK and uMtCK were sepa-
rated by standard 12% SDS-PAGE and electrotrans-
ferred by semidry blotting (Trans Blot SD; Bio-Rad,
Hercules, CA, USA) onto nitrocellulose (HybondECL;
Amersham  Biosciences, Buckinghamshire, UK)
according to the manufacturers’ instructions. Loading
of the blots was verified by a reversible staining with

Ponceau S (0.2% in 0.3% trichloroacetic acid (TCA);
Serva, Heidelberg, Germany). After blocking with 4%

Macroenzyme creatine kinase type 2 and TDF

‘switch study’ cohort) were analysed. These 60 patients
were on successful treatment regimens (viral load <50
copies/ml) including stavudine (d4T) and/or didanosine
(ddI). Patients were randomized 2:1 to have the d4T or
ddI exchanged for TDF or to continue on their current
regimens. A total of 41 patients switched either d4T or
ddI to TDF and the remaining 19 patients served as
controls. Of the 41 patients who changed their treat-
ment to TDE d4T was replaced by TDF in 32 patients
and ddI was replaced in nine patients. The switch study

Au: OK? - ¢ tfree milk powder in Tris-buffered saline (TBS) included archival sera/urine (baseline/on-treatment)
(20 mM Tris-HCl pH 7.5, 150 mM NaCl) each  and sera/urine collected prospectively in 3-month inter-
membrane was incubated for 1 h with rabbit immune  vals with samples available prior to, during, and in some
sera against human sMtCK and human uMtCK  cases after TDF exposure. Samples were also collected Au: OK?
(1:1,000 dilution in blocking buffer), washed three  from the control group. The switch study was approved = —
times in TBS, incubated 1 h with peroxidase-coupled by the local ethics committee (Ethikkomission, Ludwig-
secondary antibodies (1:3,000 dilution in blocking ~ Maximilians University of Munich, Germany) after
buffer), either goat anti-rabbit IgG (Nordic, Lausanne,  receipt of written informed consent.
Switzerland) or rabbit anti-chicken IgY (Jackson
ImmunoResearch, West Grove, PA, USA), and finally =~ Retrospective screening
washed three times with TBS. Positive reaction prod-  Retrospective analysis of total CK activity, CK-MB
ucts were identified by enhanced chemiluminescence  isoenzyme activity and mass concentration revealed the
(ECL; Amersham Biosciences) and autoradiography. presence of Macro CK2 in the sera of 32/408 (7.8%)
patients. To exclude myocardial infarction, Troponin T
Statistical analysis levels were assessed and were found to be within the
Data are given as mean =SD. Statistical analysis  reference limit for each of the patients. Patients with
(univariate and multivariate logistic regression  elevated CK and Macro CK2 denied performing
analysis) was performed with SPSS for Windows  vigorous exercise and did not complain of muscle
(Version 12.0; SPSS, Inc., Chicago, IL, USA).  weakness or pain. The clinical details were addressed
Differences between the groups were tested with the by a retrospective chart review based on patients’ inter-
Mann-Whitney U-test or Student’s #-test, as appro-  views at the outpatient clinic. Rare causes of muscle
priate. Results were considered significant at P<0.05. disease, for example, iatrogenic muscle injury or motor
neuron disease were excluded.
Results Clinical charts of patients with suspected Macro Au: OK to
CK2 were characterized with patient’s age, sex, race, Put CK2
i - ] rather then
Study population mode of HIV-1 transmission, known duration of HIV CK here?
The study population consisted of a total of 468 HIV-  infection, CDC classification, CD4* T-cell count and —
1-infected outpatients on antiretroviral treatment  HIV-1 RNA load, as well as previous and current HIV
(female to male ratio 1:4.7) who attended the Infectious ~ medication. A regimen containing TDF was the
Disease Department of the Medizinische Poliklinik, =~ common finding in 31/32 patients with a Macro CK2
Munich, Germany. The patients’ ages ranged from 20  suspicion.
to 71 years with a mean age of 48 =10 years. Only one patient with suspected Macro CK2 isoen-
These 468 patients consisted of (i) 408 antiretrovi-  zyme activity was not under current TDF treatment: a
rally treated patients for whom CK isoenzyme analysis ~ 42-year old male patient who suffered from Kaposi’s
was ordered in a 6-month period (July-December  sarcoma and multicentric Castleman’s disease in remis-
2003), and (ii) an independent/separate cohort of 60  sion treated with oral etoposide (100 mg/d for 2 days
patients (‘switch study’ cohort) who were not included  every 2 weeks) and intravenous liposomal doxorubicin
in the initial retrospective screening. (every 3 weeks) [18].
Retrospective screening for laboratory findings suspi- To substantiate our finding that TDF use was signif-
cious for presence of macro CK isoenzymes was  icantly associated with appearance of Macro CK2, a
performed in the 408 patients. Patients with proven  multivariate logistic regression analysis including ay: is this
Macro CK2 in their sera were followed for 10 £6 months. ~ possible confounders [for example, concomitant use of Efﬁessafy as
m To examine a possible relationship beetween Macro  zidovudine (AZT) or d4T or ddl, or a combination of confounders
put CK2 CK2 appearance and specific antiretroviral treatment, =~ TDF with ddl and/or protease inhibitors (PIs)] was are then
rather then gern from an independent cohort of 60 patients (the  performed. The variables included were (i) the use of {;Zif,‘;‘v?

CK here?
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TDF; (ii) concomitant use of antiretroviral compounds
[nucleoside reverse transcriptase inhibitors (NRTIs):
AZT, lamivudine (3TC), abacavir (ABC), d4T, ddI;
non-NRTIs (NNRTIs): nevirapine (NVP), efavirenz
(EFV); PIs: fortovase (FTV), saquinavir (SQV), indi-
navir (IDV), nelfinavir (NFV), lopinavir/ritonavir
(LPV/r), atazanavir (ATV), ritonavir (RTV); fusion
inhibitor: enfuvirtide]; (iii) the duration of TDF use;
(iv) the presence of wasting syndrome; (v) a history of
cancer; (vi) the use of other renal toxic drugs (acyclovir,
ganciclovir); (vii) an active hepatitis B coinfection; and
(viii) an active hepatitis C coinfection. The odds ratio
for likelihood of Macro CK2 appearance under TDF is
82.5 (95% confidence interval 10.78-631.82) at a level
of significance of P<0.0001.

Prospective confirmation of Macro CK2
for five of the 32 patients with evidence of Macro CK2
under TDF treatment, sera were available for prospec-
tive detection and differentiation of Macro CK by elec-
trophoresis. Routine laboratory findings for these five
patients were as follows: total CK activity 249
=156 U/l, CK-MB activity 95 =70 U/l, and CK-MB
mass concentration 3.0 1.1 ng/ml. Cardiac Troponin
T levels were within the reference limit for each patient.
In all five patients, electrophoresis revealed an atyp-
ical band migrating cathodal to the CK-MM band,
consistent with significant Macro CK2 activity. During
a follow-up period of 10 months, one patient died as a
consequence of wasting syndrome and in one patient
anal cancer was diagnosed.

Prospective and retrospective analysis in an indepen-
dent TDF-treated (‘switch study') cohort

To examine a possible relationship with current TDF
treatment, an independent HIV-1-infected cohort of 60
patients was analysed. Archivally and prospectively at
12-week intervals, sera and urine were collected from
41 patients with TDF switch prior to, during, and in
one case, after TDF exposure. Control sera from 19
non-switched patients were also investigated. All
samples were characterized by electrophoresis.

In 20 of the 41 (48%) TDF-treated patients, a
Macro CK2 isoenzyme was detectable at an average of
102 =69 days after TDF treatment. Macro CK2 was
not present before TDF exposure. In a follow-up period
of 10 =6 months, the atypical bands of Macro CK2
persisted in electrophoresis during TDF treatment.
Control sera exhibited no Macro CK2. Clinical charac-
teristics and concomitant antiretroviral compounds in
the 20 patients with Macro CK2 appearance and the
21 patients without, are summarized in Table 1.

All concomitant antiretroviral compounds (NRTIs:
AZT, 3TC, ABC, d4T, ddl; NNRTIs: NVP, EFV; PIs:
SQV, NFV, LPV/r, RTV) and several other variables
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Table 1. Clinical characteristics and concomitant antiretrovi-
ral compounds in patients with and without Macro CK2
appearance under TDF-containing antiretroviral treatment

Concomitant
drugs

Patient
number

Age, Gender,
years  f/m

Drug replaced
by TDF

Patients with Macro CK2 appearance
under TDF treatment (group 1)

1 52 m d4T LPV/r, SQV, 3TC
2 45 f d4T NVP, 3TC
3 60 m d4T ABC, 3TC
4 59 f d4T ddl, NVP
5 54 m d4T ABC, EFV
6 52 f d4T NFv, 3TC
7 51 m d4T NFv, 3TC
8 31 f d4T NVP, 3TC
9 36 m d4T ABC, 3TC
10 45 f ddl NFV, NVP
n 56 m ddl EFV, 3TC
12 32 m ddl ABC, 3TC
13 44 m ddl EFV, 3TC
14 50 m d4T ddl, NVP
15 40 f d4T ddl, NFV
16 40 f d4T ddl, EFV
17 65 m d4T ddl, NFV
18 64 m d4T ddl, LPV/r
19 43 f d4T ddl, NVP
20 43 f d4T ddl, EFV

Patients without Macro CK2 appearance
under TDF treatment (group 2)

1 54 m d4T ddl, EFV, NFV
2 34 m d4T NFV, 3TC

3 37 m d4T EFV, NFV, 3TC
4 52 m d4T ABC, 3TC

5 46 f d4T NVP, 3TC

6 56 m ddl LPVr, 3TC

7 38 f d4T ddl, NVP

8 56 m d4T RTV, SQv, 31C
9 37 m d4T NFv, 3TC

10 43 m ddl AZT, NFV

" 34 m ddl ABC, EFV, LPV/r
12 32 m ddl ABC, EFV

13 50 m ddl EFV, 3TC

14 62 m d4T ddl, EFV, NFV
15 44 m d4T ddl, IDV, RTV
16 66 m d4T ABC, ddl, NVP, LPV
17 44 m d4T ddl, NFV

18 52 m d4T ddl, LPV/r, RTV
19 54 m d4T ddl, RTV

20 54 m d4T RTV, 3TC

21 60 m d4T EFV, NFV

Clinical characteristics, the drug replaced by tenofovir DF (TDF) and concomi-
tant antiretroviral compounds are listed for patients with macroenzyme
creatine kinase 2 (Macro CK2) appearance under TDF treatment and for
patients without Macro CK2 appearance under TDF treatment. 3TC, lamivu-
dine; ABC, abacavir; AZT, zidovudine; d4T, stavudine; ddl, didanosine; EFV,
efavirenz; f, female; IDV indinavir; LPV/r, lopinavir[ritonavir; m, male; NFV,
nelfinavir; NVP, nevirapine; RTV, ritonavir; SQV, saquinavir.
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(baseline GFR, viral load detectability, CD4* T-cell
count, body weight) were tested in a multivariate
logistic regression analysis for their association with the
detection of Macro CK2. Appearance of Macro CK2
was not significantly associated with a specific prior or
current HIV medication (that is, concurrent ddI, d4T or
LPV/r use) or the other above-mentioned variables.
The association of Macro CK2 with TDF treatment
was further supported by an additional observation. In
one patient with detected Macro CK2 during TDF treat-
ment, the drug was discontinued 42 days after the start
of the treatment because of gastrointestinal intolerance.
Three months later (day 98 after first TDF exposure),
serum was evaluated for the presence of Macro CK2.
Laboratory findings for CK were inconspicuous (total
CK activity 85 U/l, CK-MB activity 11 U/l, CK-MB mass
concentration <5.0 ng/ml) and electrophoresis showed
no atypical bands, indicating disappearance of Macro
CK2 activity after discontinuation of TDF treatment.

Evaluation of clinical features and laboratory
findings

To help identify additional features of TDF-treated
patients with electrophoretically detected Macro CK2

Macroenzyme creatine kinase type 2 and TDF

appearance (group 1, #=20), and TDF-treated patients
without Macro CK2 appearance (group 2, n=21), labo-
ratory findings (AST/ALT ratio, estimated GFR,
proteinuria and B2-MG levels) from both groups were
compared at baseline and at the timepoint of Macro
CK2 detection in group 1, or an equivalent timepoint
in group 2. A biochemical marker for osteoblastic
activity (bone AP) was also determined for both groups
and clinical data from a 10-month follow-up period
were evaluated for evidence of malignancy. Laboratory
and clinical findings of both groups and corresponding
levels of significance are summarized in Table 2.
Markers of liver injury (AST/ALT ratio), the GFR as
estimated by the simplified MDRD formula, and bone
AP (absolute and % values of serum AP) were not
significantly different between switch and the appear-
ance of Macro CK2 in group 1, or at an equivalent time
point in group 2. It is noteworthy that differences in
estimated GFR values at the time of Macro CK2
appearance in group 1, or the equivalent time point in
group 2, nearly reached statistical significance
P=0.051). Based on the spot urine protein excretion
referred to urine creatinine we found no significant
differences between patients with and those without

Table 2. Laboratory and clinical findings in patients with and without Macro CK2 appearance under TDF-containing antiretroviral

treatment

Patients under TDF-containing antiretroviral treatment

Patients with Macro CK2 appearance

Laboratory findings (group 1, n=20)

Patients without Macro CK2 appearance
(group 2, n=21)

AST/ALT ratio

at baseline 1.19 £0.67

at timepoint of Macro CK2 detection 1.20 +£0.81

P 0.498
GFR

at baseline 98 £23

at timepoint of Macro CK2 detection 91 +19

P 0.299
B2-microglobulin

at baseline 1.51 £0.52

at timepoint of Macro CK2 detection 2.00 +0.66

P 0.039
Proteinuria

at baseline 291.2 £433.9

at timepoint of Macro CK2 detection 168.3 £157.5

P 0.146

BAP, % of AP/absolute 53.7 £17.4 [ 62.7 +47.8

Malignancy in follow-up, n (%) 1/20 (5)

1.13 £0.42 0.373
1.11 £0.43 0.335
0.441

105 £17 0.266
104 £22 0.051
0.889

1.78 £0.43 0.138
1.77 +0.45 0.226
0.474

153.2 £180.6 0.129
173.3 £84.5 0.271
0.212

413 £16.5 [ 49.8 +£31.1 0.138 /0.312
1/21 (4.7) 0.980

Laboratory and clinical findings in patients with and without macroenzyme creatine kinase 2 (Macro CK2) appearance under tenofovir DF (TDF)-containing antiretro-
viral treatment are summarized. Data are given as mean £SD. ALT, alanine aminotransferase; AST, aspartate aminotransferase; BAP, alkaline phosphatase bone

isoenzyme; GFR, glomerular filtration rate.
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Macro CK2 appearance at any time point during the
switch study. However, a slight, but statistically not
significant increase in proteinuria after TDF exposure
was observed in 10/15 patients with Macro CK2
appearance after a 3-month period of TDF treatment.
Patients with detectable Macro CK2 showed a signif-
icant increase (P=0.039) in B2-MG levels as compared
with the time of TDF switch. However, the induction of
B2-MG was slight and within the reference limit
(<3.0 mg/l) of the applied laboratory assay. In the
follow-up period of 10 =6 months, the incidence of
malignancy was comparable in the two groups. In group
1, a 60-year-old male developed metastatic adenocarci-
noma of the colon, and a 56-year-old male patient
without detectable Macro CK2 presented with a relapse
of Hodgkin’s disease after a remission period of 4 years.

Determination of the origin of MtCK

Macro CK2 and uMtCK revealed typical bands
migrating to the cathodic site with an identical size,
whereas the band for sMtCK was located slightly closer
to the CK-MM fraction (Figure 1). This similar elec-
trophoresic pattern of Macro CK2 and uMtCK was
confirmed independently for eight patients with Macro
CK2 appearance under TDF treatment. Immunoblotting
with rabbit immune sera against human sMtCK and
human uMtCK showed a band at the expected size of
43 kDa using the anti-human uMtCK antibody (Figure
2). No sMtCK was detected. These results demonstrate
that Macro CK2 in the sera of TDF-treated patients
consists of the ubiquitous and not the sarcomeric type
of MtCK.

Discussion

The presence of mitochondrial Macro CK2 is a possible
explanation for elevated serum CK in patients on TDF
containing HAART without other obvious clinical
explanation. This may be the general explanation when
the CK-MB isoenzyme is found to make up more than
50% of the total CK activity. The presence of Macro
CK2 should always be ruled out by a CK isoenzyme
electrophoresis to exclude myocardial damage [19].
Based on electrophoresis and immunoblotting with
recombinant human MtCK, we were able to demon-
strate that Macro CK2 in patients under TDF consists
of the ubiquitous and not the sarcomeric type of MtCK.

Anecdotal reports from inpatient populations have
suggested that Macro CK2 can be detected predomi-
nantly in severely ill patients of all ages [8]. Macro CK2
appears to be released during: (i) serious cellular
damage, for example, severe enough to disrupt mito-
chondrial membranes, (ii) high rates of cell prolifera-
tion and breakdown, or (iii) malignant cell
proliferation by a tumour [9].
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An accumulation of macroenzymes as a reason for
elevated CK levels in HIV-infected antiretrovirally
treated patients has not been described to date. The
analysis of CK-MB isoenzyme activity, mass concentra-
tion and CK isoenzyme electrophoresis of samples from
468 HIV-infected outpatients treated with different
antiretrovirals has demonstrated a significant associa-
tion of Macro CK2 appearance and TDF treatment.
The observation that the patients did not present with
Macro CK2 prior to TDF exposure and the disappear-
ance of Macro CK2 in one patient after TDF discon-
tinuation substantiates this association.

Since its approval, the tenofovir prodrug TDF has
become a widely used component of antiretroviral regi-
mens. It has been well-tolerated in clinical practice to
date, without evidence of long-term toxicity, including
the mitochondrial toxicity that is often associated with
other NRTIs [20]. Moderate elevations in CK, AST and
ALT levels have been noted in patients who receive
TDF [21]. One case of marked elevation of CK under
TDF treatment suggestive of drug interaction has been
reported [22].

Detection of Macro CK2 in an inpatient population
has suggested an association with various malignant
diseases. Occasionally, Macro CK2 disappeared from
the peripheral circulation after amelioration of the
associated disease [8,23]. However, Macro CK2 has a
poor diagnostic sensitivity for neoplastic diseases and
lacks prognostic value both in cirrhosis and malig-
nancy. Risk of malignancy in 41 TDF-treated patients
did not significantly differ in a follow-up period of
10 +6 months between patients with, or without,
detectable Macro CK2. In contrast to published reports
dealing with severely ill inpatient cohorts, Macro CK2
appearance in HIV-infected outpatients has a less clear
association with neoplastic diseases. This argues
against a direct release of this macroenzyme from
malignant cell proliferation in antiretrovirally treated
patients.

To determine the origin of MtCK in TDF-treated
patients, further laboratory investigations were
performed. To exclude the possibility that Macro CK2
originated from liver cells, the AST/ALT ratios in our
patients were investigated. The utility of the AST/ALT
ratio has been used extensively in differentiating several
liver diseases and may have prognostic value in severe
acute viral hepatitis [24]. In our 41 patients receiving
TDF, the mean AST/ALT ratio did not differ between
patients with or without detectable Macro CK2,
arguing against a serious liver toxicity mediated by
TDF leading to significant liver cell necrosis and conse-
quent liver cell regeneration.

Nephrotoxicity is the dose-limiting toxicity of TDE
A number of different manifestations of kidney disease
have been described under TDF treatment including

© 2006 International Medical Press
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Figure 1. Electrophoresis of uMTCK and sMTCK and Macro CK2
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Electrophoretic patterns of recombinant human ubiquitous (uMtCK) and sarcomeric (sMtCK) mitochondrial CK and sera with macroenzyme creatine kinase 2 (Macro
CK2) appearance were analysed with a semi-automated Hydrasys agarose gel electrophoretic apparatus (Sebia GMBH) according to the manufacturer's protocol.
Macro CK2 (lanes 3 and 5) and recombinant uMtCK (lane 4) revealed typical bands migrating to the cathodic site with an identical size, whereas the band for sMtCK
(lanes 1 and 2) was located slightly closer to the CK-MM fraction. The identical electrophoretic behaviour of Macro CK2 and uMtCK was confirmed independently in
eight patients with Macro CK2 appearance under TDF treatment. Lanes 1 and 2: recombinant sMtCK, lanes 3 and 5: Macro CK2 from patients under TDF, lane 4:

recombinant uMtCK.

Fanconi-like syndrome, diabetes insipidus and acute
renal failure [25]. Therefore, patients receiving TDF
should be monitored closely for signs of tubulopathy.
In addition, antiretroviral therapy with tenofovir is
associated with mild renal dysfunction in some cohort
analyses [26]. To exclude the possibility that the accu-
mulation of Macro CK2 in TDF-treated patients is a
consequence of reduced renal clearance capacity, the
GFR using the MDRD formula and proteinuria in spot
urine were assessed. The results showed no significant
differences between patients with or without Macro
CK2 appearance.

Recently, concerns have been raised about TDF-
induced bone mineral loss. In animal studies using
high-dose TDEF, osteomalacia was a frequent adverse
event [27]. Furthermore, the development of
hypophosphataemic osteomalacia with myopathy in

Antiviral Therapy 11:8

patients with HIV infection receiving TDF have been
described [28]. The appearance of MtCK in the sera of
TDF-treated patients could be suggestive of an
increased activity of osteoblasts. As bone AP is an
appropriate biochemical marker for increased
osteoblastic activity in hypophosphataemic osteoma-
lacia, we compared this marker in patients with or
without Macro CK2. Again, no significant differences
were found between the two groups.

B2-MG is a polypeptide chain linked non-covalently
to the MHC Class I cell surface antigens present in
nearly all cell types [29]. Membrane turnover is the prin-
cipal source of B2-MG in the blood. B2-MG synthesis is
stimulated in various conditions characterized by
monoclonal or polyclonal activation and proliferation
of lymphoid cells such as malignant tumours, lympho-
proliferative B-cell disorders and various chronic
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Figure 2. Western blot analysis confirms ubiquitous type of MtCK in sera of TDF-treated patients
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(A) Immunoblotting with rabbit immune sera against human ubiquitous mitochondrial creatine kinase (uUMtCK) showed a slight band at the expected size of 43 kDa
using the anti-human uMtCK antibody in patients with macroenzyme creatine kinase 2 (Macro CK2) appearance under tenofovir DF (TDF) treatment (lanes 2-5).
Lane 1 shows positive staining of human recombinant uMtCK. Control sera from HIV-infected antiretrovirally treated patients exhibiting no Macro CK2 remained
negative (data not shown). (B) Immunoblotting with rabbit immune sera against human sarcomeric mitochondrial creatine kinase (sMtCK) remained negative in
patients with Macro CK2 appearance under containing TDF treatment at the expected size of 42 kDa (lanes 3-5). Cross-reactivity of the anti-human sMtCK antibody
with cytosolic CK (at 40 kDa) was observed. Lane 1 shows positive staining of human recombinant sMtCK, a blank control (lane 2) remained negative.

inflammatory diseases [30]. Elevated serum levels of
B2-MG have been found in systemic lupus erythe-
matosus, rheumatoid arthritis, Crohn’s disease and
infections [31].

Increased concentrations of B2-MG are predictive of
progression of HIV infection to AIDS [32]. It spikes in
acute infection, declines, and then rises during the
course of HIV infection. Hoffmann and co-workers
found that higher B2-MG concentrations predicted a
subsequent decline in CD4* T-cell counts [33].

Patients with detectable Macro CK2 showed a mild,
but significant increase of serum B2-MG levels at the
point of Macro CK2 appearance in the peripheral
blood. As f2-MG is excreted almost exclusively by the
kidneys, increased levels are generally found in patients
with a decreased GFR [34]. However, the estimated
GFR did not significantly differ between TDF-treated
patients with or without Macro CK2. We cannot
exclude the possibility that the induction of B2-MG
levels in patients with Macro CK2 appearance may
reflect a direct TDF-dependent cytotoxic effect with
subsequent cellular damage and disruption of
membranes. Renal tubular epithelial cells may be
potential targets for TDF-mediated toxic effects.
Acyclic nucleoside phosphonates are efficiently trans-
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ported from the circulation into tubular cells by the
renal basolateral membrane protein hOAT1 [35],
leading to high and possibly cytotoxic intracellular
drug concentrations.

To further characterize this observation, the type of
MitCK leading to Macro CK2 appearance under TDF
treatment was determined. Two isoenzymes of MtCK
encoded by separate genes have been described. They
are designated as uMtCK and sMtCK based on their
tissue expression [36]. uMtCK mRNA is abundantly
expressed in brain and kidney. Low levels of uMtCK
expression can be detected in aorta, intestine, sarcom-
eric tissue, placenta and, during pregnancy, in uterus
[37]. No expression for uMtCK mRNA is detected in
liver and lung. In contrast, the sMtCK gene is exclu-
sively expressed in cardiomyocytes, skeletal myocytes
of the heart and skeletal muscle, and not in any other
organs tested [38,39]. Electrophoresis and
immunoblotting have clearly shown that Macro CK2 is
present in the sera of TDF-treated patients consisting of
the ubiquitous but not the sarcomeric type of MtCK.
As the kidney is a major source for uMtCK, this finding
suggests that Macro CK2 appearance in sera could
reflect a slight renal tubular cytotoxicity of TDF asso-
ciated with a significant increase of serum B2-MG, but

© 2006 International Medical Press



not leading to a significant renal impairment realized
by the MDRD formula.

MtCKs are usually found exclusively in the mito-
chondrial compartment of cells attached to the outer
surface of the mitochondrial inner membrane. MtCKs
are responsible for the transfer of high-energy phos-
phate from mitochondria to the cytosolic carrier, crea-
tine [40]. The compensatory up-regulation of uMtCK
gene expression as a response to cellular damage can
lead to the accumulation of crystalline MtCK inclusion
bodies in mitochondria, which are the clinical hall-
marks for mitochondrial cytopathies [41].

Saumoy and co-workers showed that a marked
decrease in cellular mitochondrial DNA content was
associated with a case of TDF-associated acute renal
failure [42]. In a recent study by Cote et al., kidney
mitochondrial DNA depletion in HIV-infected patients
was associated with concurrent TDF/ddI therapy, but
not with TDF use alone [43]. The appearance of Macro
CK2 consisting of uMtCK in our cohort was not asso-
ciated with a ddI-containing regimen. However, kidney
ultrastructural mitochondrial abnormalities with a
striking distortion of the cristae were seen with TDF
use [43]. Mitochondrial damage of tubular epithelial
cells, presenting as extremely enlarged mitochondria
with loss and disorientation of their cristae, has been
proposed as a mechanism for adefovir nephrotoxicity
[44]. Taken together, these observations suggest that
the appearance of uMtCK in sera may represent mito-
chondrial damage in tubular epithelial cells.

In conclusion, the finding of Macro CK2 in anti-
retrovirally treated HIV-infected patients is associated
with a TDF-containing regimen. Clinicians should be
aware of the possibility of Macro CK2 appearance in
TDF-treated patients when results of blood testing lead
to suspicion of ischemic disease or muscle injury. In
contrast to anecdotal reports from inpatient popula-
tions, the appearance of MtCK in sera was not associ-
ated with malignancy or severe illness. Based on
laboratory findings, we could exclude the possibility
that liver cell necrosis, increased osteoblastic activity or
decreased renal function measured by the MDRD
formula lead to the appearance of Macro CK2 in these
patients. Electrophoresis and immunoblotting demon-
strated that Macro CK2 consists of the ubiquitous and
not the sarcomeric type of MtCK. Whether the appear-
ance of uMtCK reflects a feature of mitochondrial
damage in tubular epithelial cells has yet to be clarified.
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