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Macro creatine kinase (Macro CK), @ macrc enzymse, is a major cause of misdiagnosis
of myocardial infarction upon determination of total creatine kinase and creatine kinase iscen-
zyme levels. It presents in elderly female patients with an approximate prevalence of 1 %.
Based on composition, there are two major types of macro CK Type 1 macroc CK is a complex

of Type-1 being an immune compiex of creatine kinase with many types of immunoglobulins.

Type 1 creatine kinase has been noted for its correfation with autcimmune diseases, especially

the myositis group. Type 2 macro CK is a mitochondrion-derived macro CK present in malig-

nancy, especially small cell lung cancer, gastrointestinal cancer and colorectal cancer. The

presence of macro CK type 2 is a poor prognostic sign in patients with malignancy.
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Objective

1. Teo inform the readers about the macro creatine kinase.
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General Information about macro creatine kinase

Macro. creatine kinase (Macro CK} is a major
cause of elevations of the creatine kinase MB
isoenzyme (CK), which may cause errors in the
gvaluation of patients suspected of ischemic
cardiopathy."® Its presence in serum interferes with
the irﬁmunoinhibﬂéon methods normally used in
emergency room laboratories causing false positive
results’ in the evaluation of the total creatine kinase
level (CK), compared to the CK-MB levels. Sometimes
the CK-MB activity exceeds total CK activity by more
than 25 %. *® Increasing concentrations of varicus
types of creatine kinase isoenzymes mimic myocardial
infarction or injury.” Sometimes CK-MB activity
exceeds the total CK activity.” Probably a maximum
of 1% of patients with suspected acute myocardial
infarction.®** have macro CK in concentrations causing
diagnostic errors. In clinical practice, markedly
glevated levels of CK-MB , crincreased levels of CK-
MB in combination with CK-BB may point away. frcm
a myocardial origin and toward the existence of

amalignancy. Macro CK can be detected as an
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abnormal bad in creatine kinase electrophoresis.
Macro CK can be distinguished as two type,
type 1 and type 2. " Presence of both variant CK
iscenzymes may lead to diagnostic or therapeutic
errors due to an altered CK:CK-MB ratio."” The
prevalence of type 1is 0.43-4.3 % and type 2is 0.5-
2.9% ©™ (Table 1). The serum total CKiis significantly
higher, and an increased CK-MB' proportion is also
significantly more common in patients with macro CK
type 1 than in those with type 2. Macro CK types 1
and 2 are much more heat stable than CK - MB, and
CK-BB, and thus, by heating samples for 20 min at 45
degrees C, the presence of thermostable macro types
can be demonstrated.® In addition, macro CK type
2 has a much higher activation energy than macro CK
type 1. On average, macro-CK type 2 accounts for
appreoximately 25 % and more CK type 1 for
approximately 10 % of the serum total CK.® It has
also been shown that approximately 8C % of the
patients in whom macro Ck is detected survive at
least for 1 year after macro CK has been found in

their serum.

Table 1. Comparison between macro creatine kinase type 1 and type 2 characteristics.

ltems Type 1

Type 2

1.:Structure

and Immunoglobulin

Lower
3. Heat stability Less
4. Electrophoretic pattern

2. Activation energy

Complex between CK isoenzyme

Less cathodicallly migrating,

Polymeric of mitrochondrial derived CK

Higher
More
More cathodicaily migrating

variable due 1o complex’s type

5. Increase of total CK activity More common

6. Increase of CK-MB proportion More common
7. CK-MB exceed total CK case

8. Relating abncrmalities

Less common

Myositis

Less common
Less . commaon
More commaon

Cancer, neonatal asphyxia
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% such as

Like other macro enzymes
macromylase and macro lactate dehydrogenase,
macro CK can be detected in advanced age and with

(14)

malignant lesions.”™ It can be found in diseases

of many organ systems such as brain. *® thyroid,"®

(18

Gl, " prostate, "™ and kidney."® However, the macro

CK isoenzyme in the serum of apparently healthy

individuals has also reported. @2

Interference of macro creatine kinase with detection
of CK-MB

At present, CK-MB can be detected by four
major methods:® electroporesis, column chromato-
graphy, immunoinhibition and immunoprecipitita-
tion.®” Of these four methods, electrophoresis has
shown the highest accuracy in detecting CK-MB“®. and
macro CK can be detected as a slow moving band.
Whereas the other methods have shown false positive
results due to macro CK interference.®*™”

The immunoinhibition method, which is the
method most widely used presently, has the
disadvantage of the errors introduced because of
contamination with CK-BB , CK-MM and macro - CK.®
With immunoinhibition procedures, which macro CK
is often measured as CK-MB, leading to falsely
elevated CK-MB, unrelated to acute myocardial
infarction. Thus, CK-MB activity shouid be determined
simultaneously with total CK activity. When a significant
contribution by CK-BB is suspected, it presence
shouid be confirmed by other methods.

To avoid the interference by macro CK,
electrophoresis and specific immuno assays or
immunochemiluminometric assays using monocional
anti CK-MB antibodies have been recommended.® "

Serial determination of both creatine kinase and lactate
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dehydrogenase isoenzymes also greatly assist in the
differential diagnosis of patients with presence of
macro CK that may lead tc the false conclusion of

acute myocardial infarction.®

Macro creatine kinase type 1

Macro CK type 1 is a complex of the creatine
kinase isoenzyme with immunoglobulin. " 1t has
been related to underlying cardiovascular pathology
and occurs with high levels of the creatine kinase MB
isoenzyme (normally above 50 % of the total activity
of the creatine kinase). Many forms of complexes
can be identified such as IgG linked to the BB
fraction,"***¥ |gA linked to the MM3 fraction, ®*¥ IgA
linked to the BB fraction, ®**® but IgG linked to the
BB fraction is the most common form. ®'? In patients
with creatine kinase - Ig complexes, transfer of the
complex across the placenta from mother to fetus has
been reported. These complexes are all thermostable
and can be differentiated from the creatine kinases
by a simple heat inactivation test (20 minutes, 45
degree or immunoinhibition of the M-subunits. ©”
Most cases with macro CK type 1 have an

autoimmune disease such as rhabdomyolysis ¥ or

38)

rheumatic disease. It occurs more frequently in

88 and is often

women above the age of 70 years,
asscciated with complications of cardiovascular
disease, life —~ threatening conditions, and poor
outcome. However, no significant correlation has been
obtained between findings of coronary angiography
and the activity of macro CK type 1.

In case of macro CK-BB, immunoglcbulin
precipitation after addition of radiclabelled CK-BB
suggests that most of the sera are linked to an

immunoglobulin G.*® Results obtained with papain -
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and pepsin — digested 1gG have suggested that the
' binding of CK-BB occurs in the antigen — binding region
Tabof IgG. The affinity constant, Keq, for the binding
of CK-BB to immunoglobulin has been calculated as
1.4x 10 (11) L/mol.#?

A formed complex of high relative molecular
mass (Mr 320 kDa), ®” macro CK - MM3, consists of
both CK-MM3 and immunoglobulin A {IgA). It is
composed of two molecules of CK-MM3 combined with
one molecule of IgA. As IgA does not form complexes
with other subforms (CK-MM2 and CK-MM1) or CK-MB,
the antigen specificity of igA tc CK-MM3 is exactly
defined. The percentage of macro CK - MM3 in ali
adult patients has been calculated as 73 %, but it
has not been detected in the sera of patients below
the age of 12 months. No relationship has been
observed between macro CK-MM3 and underlying
disease. Macro CK-MM3 formation has been suggested
to be an immunologic pathway for intravascular

catabolism of CK - MM3 when its activity increases.®”

Macro creatine kinase type 2

Macro CK type 2, “*~*¥ a cathodically
migrating atypical creatine kinase iscenzyme,
evidently is not of cytoplasmic origin; rather, it is a
separate CK activity of human serum, characterized
by its heat stability and, especially, by its increased
molecular mass and high activation energy. The
relative molecular mass of this form of creatine kinase
inhuman serum is at least threefold that of the ordinary
enzyme, and it is more therostable. Based on distinct
activation energies, unlike ncrmal cytoplasmatic
creatine kinases and IgG - linked CK - BB (macro
CKtype 1), this second form of macro CK (macro CK

type 2) shows activation energies above 80 kd/mol of

the substrate.

The exact composition of macro. CK type 2 is
still unknown, but there is good reason to believe that
itis of mitochondrial origin because its characteristics
have never been associated with the normal -size,
dimeric cytoplasmic CK isoenzymes, but are typical
for mitochondrial polymeric creatine kinase “” isolated
from human tissues. lt is released after severe
cell damage and usually appears in the blood in
macromolecular forms (maém CKtype 2), inanon-
dimeric form.

Most patients showing macro CK type 2
are older than 50 years.”” No association with
gender has been reported. Macro CK type 2 is also
predominantly found in severely ili patients of all
ages, most commonly with malignaricy.“’ The cancers

that have been . associated are small cell lung

(4A7) I 49

carcinoma,*” liver cancer, “**¥ Gl cancer *¥ and

colorectal cancer. "

in pediatric patients, macro CK type 2 has
also been detected in children with clinical evidence
of myocardial damage. The presence of macrc CK
type 2 is an.indicator of cellular necrosis; in pediatric
cases with myocardial damage the associated
conditicns may be reversible but in adults with malig-
nancies the presence of mitochondrial creatine kinase
is associated with an extremely poor prognosis.®*®

Disappearance of macro CK type 2 from the
circulation after improvement of the associated
disease has also been reported. Its occurrence in
serum nevertheless is a sign of a serious iliness with
a high mortality rate but not inevitably a sign of
impending death.“” Furthermore, no correlation

between the iscenzyme activity and the stage of

cancer has been detected. "**" Appearance of macro
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CK type 2 has also been noted in non-malignant
conditions such as liver cirrhosis and neonatal

asphyxia. @

Clinical association of macro creatine kinase

A number of diseases have been reported to
be correlated with the appearance of macro CK in
serum. The details of these pathologicel conditions

are described below.

A. Hepatobiliary system

Macro CK type 2 can be found in many
hepatobiliary diseases, especially cirrhosis and liver
cancer. The presence of fype -2 macro CKis unrelated
to the stage of either cirrhosis or hepatoceliular
carcinoma. It has poor diagnostic sensitivity for
neoplastic diseases, and lacks of prognostic value
both in cirrhosis and neoplastic diseases. “®

Therefore, serum type 2 macro CK iscenzyme is not

a useful marker of severe liver diseases or necplasia.

B. Respiratory system

Macro CK type 2 can be found in patients
with lung carcinoma, especially in small cell lung
carcinoma and oat cell carcinoma. Concerning these
patients, elevated activities have been associated with
disseminated disease but have little apparent value
as a tumor marker for these disease,"?

Serum ‘macro CK type 2 in asphyxiated
newborn infants has also been observed. ™ The
presence of macro CK type 2 activity has been noted
in'21.9 % of newbocrn infants with perinatal asphyxia
or birth trauma. In these cases, a predominance in
males has been observed and an association with a
more severe clinical course, requiring prolonged

haospitalization.

Chula Med J

C. Gastrointestinal system

There have been many reports of the presence
of macro creatine kinase type 2 in many gastrointestinal
tumors. Concerning gastric carcinoma, the total CK
activity to be markedly decreased in neoplastic
stomach tissue."'” CK-BB is the predominant
isoenzyme in both neoplastic and normal stomach
tissues; however, the CK-BE/total CKratio is increased
inadenocarcinoma tissue. Both macro creatine kinase
type 1 and fype 2 have been detected in patients
with gastric cancers.

Considering colorectal cancer, detection of
macro CK in the serum of patients has also been
reported. ®® However, no correlation between the
isoenzyme activity and the stage of the cancer has
been shown. Preliminary studies have suggested that
the presence of macro - CK2 in serum may be an
indicator of malignancy of the gastrointestinal tract

and in particular, of colorectal cancer. 757"

D. Neurological and musculoskeletal system
Macro CK is alsc predominant in cerebro-
vascular insufficiency due to arteriosclerosis. ® High
blood levels off macro CK in encephalopathy have
been observed. Furthermore, macro CK type 1 can
be observed in patients with myositis.*? Association
with the diagnosis of an autoimmune process in these

patients, such as rhabdomyaclysis has been noted.

E. Genitourinary system

The presence of macro CK in patients with
chronic renal failure on maintenance hemodialysis *®
has been reported. In these cases, no clinical signi-
ficance was observed.

Concerning genitourinary tumors, there has

been a report of the prevalence of macre creatine
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kinase amounting tc 11.1 % in prostatic cancer. This
study concluded that macro CK determinaticn has
little apparent value as a tumor market for prostatic

cancer. ®

F. Cardiovascular system

Macro CK type 1 has been reported to be
related to underlying cardiovascular pathology. “ The
prevalence of immumoglobulin — bound creatine kinase
{macro CK type 1) in this scenaric was been 4.3 %.
The relative frequency is highly among older age

® The highest prevalence has been found in

groups.
patients with rheumatic and cardiac diseases. No
significant correlation has been obtained between the
findings of coronary angiography and the activity of
macro CK type 1.%%

Mitochondrial — CK has been reported in
conditions of serious heart muscle damage such as
myocarditis, and it has also been mentioned as a
presumptive indicator of myocardial celiular necrosis

in pediatric patients. ©®

G. Malignant diseases

Generally, Total CK activity per gram wet
tissue appears to be markedly reduced in malignant
tumour tissue, yet it is raised.-in benign tumour
tissue. *” CK-BB is the predominantisoenzyme in both
normal and tumour tissue of the Gl tract. Alteration of
ispenzyme patterns has been noted between normal
and-tumour tissue,

Macro CK type 1 is rarely increased in cancer
pafients and has little apparent value as a tumor marker

) In contrast, individua!l macro

for these diseases.
greatinine kinase type 2 detection has previously been

investigated as a potential tumour marker. “? The

macro CK type 2 can be detected in 88 % of cancer
patients and it cannot be found in healthy subjects.
The enzyme abnermalities are thought to stem from

tumor tissue. “7 |

ncreased activities are mainly found
in patients with small cell lung cancer and Gl tumors
(65 %). However, it is rarely increased in cancers of
the prostate and breast, and it has little apparent value
as a tumor marker for these diseases.

Macro CK type 2 is also not a useful marker
of severe liver neoplasia. “® Type 2 macro CK has
been detected, devcid of any statistical difference,
in cirrhosis (14 %), hepatocellular carcinoma (16 %)
and metastatic liver tumor (31 %). Furthermore, the
presence of type - 2 macro CKis unrelated to the stage
of either cirrhosis or hepatoceliular carcinoma and
lacks prognostic value both in cirrhosis and neopastic
diseases. Neither has it been detected in any patients

with leukemia or lymphoma.

Conclusion

Macro CK is a major cause of misdiagnosis
of myccardial infarction upon determination of total
CK and CK-MB levels. It usually presents in elderly
female patients. Based-on their compositions, there
are two major types of macro CK. Type 1 macro CKis
the immune complex of creatine kinase with many
types of immunoglobulins. Type 1 cratine kinase has
been noted for its correlation with autoimmune
diseases, especially the myositisd group. Type 2
macro CKis a mitochondrion-derived macro CIK present
in malignancy, especially- small cell lung cancer,
gastrointestinal cancer and colorectal cancer. The
presence of macro CK type 2 is a poor prognostic

sign in patients with malignancy.
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1. What is the clinical importance of macro creatine kinase.
a. ltis a halimark for diagnesis of acute coronary syndrome
Itis a useful diagnostic test for cardiac arrhythmia
It is a major cause of misdiagnosis of myccardial infarction

it is an impoertant COENZYME for plague degeneration

® o o T

Itis a cofactor in cevelocpment of myocardial infarction
2. Macro-creative kinase type 1 has been noted for ifs correlation with?
a. Neuritis
b. Myositis
c. Otitis
d. Retinitis
e. Hepatitis
3. Which is the best method to identify CK-MB in crder to avoid the macro creatine kinase
phenomenon?
a. Immunoinhibition
b. Immunoflucrescent
c. CK-electrophoresis

d. Immunoprecipitation

ANADU zﬁm%’uummmﬁ‘gm “Macro crealine kinase”
iaansalinrans IR 47 atfufio Weufueneu w.A. 2546
sinAansfinmreiiins 3-15-201-9010/0309-(1041)

fn- Wuanagaa CME credit..... walutlsznerAinaans

1.(a) (b} (c) (d) (e) 4.(a) (b) (c) (d) (e)
2.(a) (b) (c) (d) (e) 5.{(a) (b) (c) (d) (e)
3.(a) (b) (c) (d) (e)



4. Macro creatine kinase type 2 has been reported for its correlation to these cancers except.
a. Livercancer
b. Gl cancer
¢. Small cell carcinoma
d. Neuroblastoma
e. Colorectal cancer
5. Diagnaosis of macro creatine kinase can be made it the CK-MB activity exceeds total CK activity
by more than what percentage?
a. 5
b. 10
15
d. 20
e. 25

b = o = - |
yirutlsesnsraclasuiesinnisAnuinaiiias (CME credit)
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