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INDUCED PLURIPOTENT STEM CELLS
A BRIEF REVIEW

Dr Stuart P. Atkinson
Dr Lyle Armstrong

ABSTRACT

Induced pluripotent stem cell generation is regarded as
one of the most important discoveries in cell biology of recent
times. The demonstration of the reversion of somatic cells to
cells which resemble embryonic stem cells (ESCs) by the viral
transduction of 4 transcription factors has started an explo-
sion of research into induced pluripotent stem cells (iPSC). iPSC
have many intriguing possibilities, such as the generation of
patient specific stem cells for cell replacement therapy, the
study of diseases and the testing of novel drugs to treat such
diseases. However, many hurdles need to be overcome before
they are routinely used as true representations of ESC. Herein,
iPSC studies to date are discussed alongside their potential ad-
vantages and disadvantages.

THE BEGINNINGS OF A REVOLUTION

The field of embryonic stem cell (ESC) research was shaken
in 2006 by a paper from the lab of Shinya Yamanaka which
demonstrated the generation of induced pluripotent stem cells
(iPSCs). This publication, which entails the reprogramming of
a mouse somatic cell genome to that resembling a pluripotent
cell (1) has been heralded as one of the most important dis-
coveries in cell biology and in the future may provide a limit-
less source of patient specific stem cells. In this seminal paper,
the retroviral transduction of just four genes (Oct4, Sox2, KIf4
and c-Myc) partially reprogrammed mouse embryonic fibro-
blasts (MEFs) and adult tail tip fibroblasts (TTFs) to show char-
acteristics reminiscent of mouse embryonic stem cells (mESCs).
Initial studies utilised retrovirus-mediated gene transfer for
their perceived ability to undergo silencing in the pluripotent
state after genomic integration (2, 3). The iPSCs generated
in this study were similar to mESC in terms of morphology,
growth rate, gene expression and the epigenetic status, but
were nevertheless obviously different to mESC. Further anal-
ysis showed that iPSCs were able to differentiate into cell
types representative of all three primordial germ layers in
teratoma assays and formed embryoid bodies, two key tests
of pluripotency. However, these cells could not contribute
to chimaeric animals when injected into mouse blastocysts,
(perhaps a more robust test of pluripotency) and did not fully
silence transgene expression.

Yamanaka's lab addressed some of the problems from
this paper by using a slightly altered strategy (4). Previously, an
antibiotic resistance gene was knocked into the Fbx15 locus,

to allow for selection upon attainment of pluripotency (1). This
study instead utilised the gene Nanog, which is more closely
associated with the pluripotent nature of ESCs than Fbx15 (4).
MEFs using this strategy gave rise to stable clones with similar
gene expression and epigenetic status to ESCs, while they ef-
fectively silenced transgene expression. Importantly these iPSC
showed contribution to chimaeric animals with germline trans-
mission, another key test for the pluripotency of iPSC. How-
ever, it was also reported that up to 20% of chimaeric mice
generated showed the formation of tumours attributed to the
reactivation of the c-Myc transgene.

Soon, multiple studies began to show that iPSC technology
was readily transferable and repeatable, so allowing an explo-
sion of research interest in this field. Maherali et al and Wernig
et al, both reported the generation of iPSC by retrovirally me-
diated transduction of Oct4, Sox2, KIf4 and c-Myc into MEFs
and TTFs using Nanog or Oct4 selection, with reprogramming
taking three weeks at an efficiency of 0.05-0.1% (5, 6), similar
to Yamanaka's studies (1, 4). Both papers analysed the epi-
genetic status of their iPSC in some detail, and reported simi-
larities between iPSC and mESC with regard to both histone
modifications and DNA methylation. These iPSCs also showed
contribution to chimaeric animals and germline transmission,
with Wernig et al reporting the generation of embryo’s derived
entirely from iPSC following injection into tetraploid blastocysts
(perhaps the best assay for pluripotency and developmental
potential). However, while mid- and late-generation embryos
were generated, no live births were reported, perhaps sug-
gesting, that by the most rigorous tests, these cells were not
equivalent to mESC.

HUMAN iPSC

The next major breakthrough came with the generation of
human iPSC (7, 8). Yamanaka’s group extended their ear-
lier work and showed that adult dermal fibroblasts could be
reprogrammed by retroviral transduction of OCT4, SOX2,
KLF4 and C-MYC with good efficiency, but only after the cells
where transduced with a mouse retrovirus receptor (7). Cells
with hESC-like morphology were picked and expanded and
showed all the hallmarks of pluripotency, including teratoma
formation, appropriate gene expression and the ability to
differentiate into multiple tissues. James Thomson’s labora-
tory found that a slightly different set of factors, OCT4, SOX2,
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NANOG and LIN28, were sufficient to allow iPSC generation
from foetal and adult fibroblasts (8) via lentiviral, rather than
retroviral transduction, allowing the transduction of non-divid-
ing cells (9), which was not previously permitted by the use of
retroviruses (10). iPSC generated showed all the signs of a
pluripotent cell type and their data further suggests that Lin28
was not required, but aided an increased frequency of repro-
gramming events. These two studies using similar but distinct,
methods underscores the validity of iPSC technology and re-
moves questions of reproducibility while also showing redun-
dancy in which genes can affect the reprogramming process.

Closely following this came the generation of iPSC from
another lab using a similar protocol (11). Addition of a ROCK-
inhibitor, which can aid hESC growth when dissociated to
single cells (12), enhanced the formation of iPSC from hESC-
derived embryonic fibroblasts and importantly iPSC were also
generated in the absence of C-MYC or KLF4, although at a
lower efficiency. Although these initial strategies were useful for
foetal cells, adult somatic human cells required the addition of
hTERT and SV40 Large T antigen, two more potentially onco-
genic factors, to allow for iPSC generation (11). Other studies
have also reported that 6 factors are required for reprogram-
ming of human fibroblasts (13, 14). Lentiviral expression of
OCT4, SOX2, KLF4 and C-MYC in combination with NANOG
and LIN28 were used to generate iPSCs from human neonatal
foreskin fibroblasts and compared to four factor reprogram-
ming (OCT4, SOX2, NANOG and LIN28) iPSC generation
was quicker and more efficient (13). Another study found that
SV40 Large T antigen, in addition to either of the four factor
combinations of reprogramming factors, could increase ef-
ficiency by 23-70-fold in foetal fibroblasts and immortalised
adult fibroblasts, using non-integrating lentivirus' (NILs) in or-
der to minimise viral integration (14). This study also reported
that SV40 Large T antigen could synergise with Oct4/Sox2/
Nanog, Oct4/Sox2, or Oct4 alone to generate iPSCs, but
only some clones were shown to be able to differentiate into
cell types representative of all three primordial germ layers in
teratoma formation assays. The use of Large T indicates that
tumour suppressor pathways may need to be downregulated
in order for the reprogramming process to take place at a
respectable efficiency. A tumour suppressor response may be
induced due to replicative stress on the cells, which induced
a DNA-damage response (15, 16). This study also reported
the generation of iPSC from fibroblasts homozygous for the
sickle cell anaemia mutation, showing the capability of gen-
erating human models of disease in hESC-like cells. This is an
important aspect of iPSC generation, with the generation of
disease-specific iPSC perhaps as important as patient-specific
iPSC and will be discussed further in this review.

iPSC generation from human neonatal foreskin fibroblasts
was reported with four factors, although repeated retroviral
transduction was required (17). Within this study, it was noted
that partially reprogrammed clones still expressed the ectopic
genes while the fully reprogrammed clones appeared to have
silenced the exogenous genes more efficiently.

iPSCs Generation in More than Just Fibroblasts

It is important to establish that various cells types can be
used for iPSC generation from a therapeutic aspect and also
to assess the potential for a defined terminally differentiated
cell type to be an amenable target of iPSC generation. It is still
not fully understood if all cells can be targets for iPSC genera-
tion, although studies have shown that not just fibroblasts can

be reprogrammed. Mouse B-pancreatic cells (18), and adult
mouse liver and stomach cells (19) were shown to be relevant
targets for iPSC generation. All cell types were deemed pluri-
potent and iPSC contributed to cells of all three germ layers
in chimaeric embryos, although only one animal survived to
birth. Interestingly iPSC from liver and stomach were less tu-
mourigenic than MEF-derived iPSC, although perinatal death
was higher and, interestingly, when c-Myc was removed only
a 20-40% reduction in efficiency was observed, compared to
a 90% drop in MEF reprogramming.

Another study reported the reprogramming of a terminally
differentiated cell type but required the interruption of the cel-
lular state before iPSC could be generated (20). Terminally
differentiated mature B-cells from an iPSC-derived chimaeric
mouse could only be reprogrammed after cellular “sensitisa-
tion” by expression of the myeloid transcription factor C/EBPa.
C/EBPa. can disrupt the function of Pax5, a transcription factor
understood to play a major role in mature B-cell development
and function, and hence suggests that not all terminally differ-
entiated cells could be reprogrammed using the same factors.

iPSC technology was utilised in a novel reprogramming
study in which transdifferentiation of an adult cell type to an-
other adult cell type, without the requirement to revert these
cells to an ESC-like state using transcription factors specific to
that cell lineage was demonstrated (21). Specifically, they con-
verted pancreatic exocrine cells to cells that closely resemble
pancreatic B-cells by retroviral fransduction of 3 genes; Ngn3,
Pdx1 and Mafa, which are all involved in B-cell development.
As B-cells are the insulin secreting cells destroyed in diabetes,
this study is of obvious therapeutic interest.

An elevated efficiency and speed of reprogramming of hu-
man keratinocytes in comparison to fibroblasts was also ob-
served (22). The advantage of using keratinocytes was further
demonstrated by the generation of iPSC from cells isolated
from single plucked human hairs, thus bypassing the require-
ment for skin biopsies when requiring fibroblasts.

REVEALING THE REPROGRAMMING PROCESS -
MOLECULAR MECHANISMS AND
SECONDARY iPSC GENERATION

The process of reprogramming somatic cell genomes to-
wards a pluripotent-like state seems now to be a reachable
goal, but little is actually known about how this is achieved at
the molecular level. Understanding the roles of each of the re-
programming factors is of importance to understand the pro-
cess and the relatively low efficiency of reprogramming and
extended lengths of time required suggests that reprogram-
ming is a gradual stochastic event rather than a set of specific
events, which also requires to be understood.

Oct4, Nanog and Sox2 had been previously associated
with the pluripotent state (23), with the use of such factors in
iPSC generation thought to “kick-start” pluripotency-associ-
ated transcriptional circuits in non-pluripotent target cells. c-
Myc induces the expression of genes involved in proliferation
and self-renewal (24) and can also mediate global histone
acetylation(25) perhaps mediating chromatin decondensation
to allow the functions of DNA-binding transcription factors
26). KIf4 may function to downregulate p53 transcription (26),
which has been shown to regulate Nanog expression (27) and
also inhibits ES differentiation (28). Lin28 is involved in RNA
processing (29), and modulates the expression of Let7 micro-
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RNA's (miRNAs) in stem cells to maintain pluripotency in mESC
(30). The importance of miRNA in the maintenance of pluripo-
tency is just becoming uncovered (31, 32).

Studies intent on understanding the molecular mechanisms
behind iPSC generation have begun to make use of “second-
ary systems” in which iPSC are generated by lentiviral trans-
duction of doxycycline (dox) -inducible transgenes and are then
injected into blastocysts to form chimaeric mice from which fi-
broblasts, or other cell types, carrying the dox-inducible trans-
genes can be isolated (33-39). Dox-induction of these cells
allows for reprogramming of a homogenous cell type, allows
the induction process to be controlled to more fully understand
the process and importantly, this also allows for self-selection
of reprogrammed cells after dox-removal, as only cells with
activated endogenous pluripotency genes will grow effectively.
SSEA1 and alkaline phosphatase (AP) activity have been shown
to be early markers of the reprogramming process, while en-
dogenous Oct4 and Nanog expression and telomerase activ-
ity were only found in fully reprogrammed cells (33). Longer
transgene expression was linked to enhanced reprogramming,
but continued transgene expression ablated the differentiation
capacity of iPSC. In a similar study, secondary iPSC generation
was reported to be 20-50 fold more efficient that the “primary’
system and multiple cell types could be used, suggesting that
iPSC can be generated from cells with different developmental
origins and epigenetic states, using this system (34). Again,
longer transgene expression led to enhanced iPSC generation
and, interestingly a DNA methyltransferase inhibitor, 5-Aza-
deoxycytidine (5-Aza) was shown to boost the reprogram-
ming process while a histone deacetylase inhibitor, Trichostatin
A (TSA), did not. This suggests that DNA methylation is more
important to the reprogramming process, although the effects
of modulating histone methylation were not studied. The time
scale of reprogramming of the secondary cells (2-13 days)
was noted to be similar to that of directly reprogrammed cells
(10-14 days) suggesting that direct viral integration is not an
essential part of the reprogramming process, and further sug-
gests that reprogramming is driven by stochastic epigenetic
events requiring a minimum time of transgene expression.

Integrative genomic analysis of reprogramming of mouse
fibroblast and B-lymphocytes using this secondary system was
reported next (35). An immediate response of transgene in-
duction was the decrease of mesenchymal related genes and
an increase in proliferation associated, stress-induced and
anti-proliferative genes. This study also reported that the vast
maijority of transduced cells remain in an intermediate repro-
gramming state, suggesting that stochastic events are required
for cells to become completely reprogrammed. Such partially
reprogrammed clones were studied in order to understand
the barriers to the reprogramming process and showed in-
complete activation of pluripotency related genes, incomplete
deactivation of genes related to the original cell phenotype
and incomplete epigenetic reprogramming. Interestingly, it
was also reported that inhibition of DNMT1 led to the full re-
programming of these stable partially reprogrammed cells, in-
dicating that reprogramming of the epigenotype of the cell is
vitally important in iPSC generation.

A more detailed analysis of reprogramming at different
stages was undertaken in mouse cells with transcription factor
binding, gene expression and histone methylation examined at
different stages of reprogramming (37). c-Myc was observed
to be very important to early reprogramming, especially for

’

the silencing of fibroblasts-specific genes, contrary to its usu-
ally perceived function as a transcriptional activator. Further, it
is proposed that the lack of Oct4, Sox2 and Klif4 co-binding
in partially reprogrammed cells contributes to the lack of full
reprogramming. This lack of binding was suggested to be due
to the lack of expression of Nanog, which allows the targeting
of reprogramming factors.

Human cells were also studied by generation of secondary
system, by generating iPSC from fibroblasts and/or keratino-
cytes using dox-inducible lentviruses and then differentiating
them to fibroblasts, for further dox-mediated reprogramming
studies (38, 39). Secondary human fibroblasts were repro-
grammed with an efficiency of 1-3% upon dox-induction. In-
duction times of 6-8 days were required at the minimum to
produce iPSC, but prolonged dox-induction (20-25 days) gave
highly homogenous pluripotent iPSCs with good efficiency.

Overall, these papers suggests that timing of transgene
expression/silencing is critical to the reprogramming process,
but also that reprogramming is, in part, a defined set of mo-
lecular events, although stochastic events are likely also to be
required for fully reprogrammed iPSCs to be generated.

CHANGING THE REPROGRAMMING MIXTURE

Changing the Factors

It has already been demonstrated that there is some re-
dundancy in factor requirement for reprogramming with the
reports of two differing sets of four reprogramming factors
working to a similar degree (7, 8). This suggests that other
factors may also be able to influence the reprogramming pro-
cess, and indeed, the removal of some factors, such as the on-
cogene c-Myc, would be beneficial. Analysis of gene expres-
sion in mMESC has demonstrated that N-Myc, which has a less
oncogenic nature (40), was expressed at a higher level than
c-Myc and could substitute for c-Myc in iPSC generation (41).
Other studies have also shown that c-Myc is non-essential for
the human (42) and mouse (42, 43) reprogramming process
with the tumourigenic potential of mouse iPSC generated be-
ing much lower, with all chimaeras generated surviving past
100 days. Similarly, it has been found that Sox3, 15 and 18
could substitute for Sox2, KIf1, 2 and 5 could substitute for KIf4
and both N-Myc and L-Myc could substitute for c-Myc in iPSC
generation from MEFs (42). Use of the “substitutes” Sox1 and
3, KIf2 and N- and L-Myc led to iPSC generation from MEFs
that gave rise to teratomas upon injection into nude mice.

Further additional reprogramming factors beyond the six
“classic” factors have been reported. Addition of viruses carry-
ing UTF1 and siRNA against p53 highly enhance the genera-
tion of fully pluripotent iPSC and could substitute for C-MYC
(44). UTF1 is linked with chromatin mediated transcriptional
repression (45) and so may function to aid differentiation,
but is also reported to highly expressed in ESCs and
downregulated upon differentiation (46). Enhanced
generation of iPSC after p53 siRNA expression again
suggests that perhaps the downregulation of tumour-
suppressor pathways are required as previously dis-
cussed with the use of SV40 Large T antigen. iPSCs
were also reported to be derived from MEFs with the addition
of the nuclear receptor Esrrb, in the place of c-Myc and KIf4
(47) and were shown to be fully pluripotent, formed chimaeric
animals and contributed to the germline. Esrrb has been
previously reported to be important in pluripotency
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and self-renewal of ES cells (48, 49) and it's capability
to substitute for KIf4 and c-Myc was reported to be partly due
to Essrb’s ability to upregulate many key ESC-associated genes
and a high degree of similarity in their transcriptional regula-
tory circuits.

A novel paper in the field of iPSC generation next showed
the possibilities of reprogramming by transduction of miRNA
(50). miRNA are single-siranded RNA molecules of
21-23 nucleotides in length, which are partially com-
plementary to one or more messenger RNA (mRNA)
molecules and are involved in regulation of gene ex-
pression. Multiple miRNAs are expressed as cluster
of genes in a single cistronic sequence which is later
cleaved to give the mature miRNA. A miR302-cluster
transgene was retrovirally transduced into several tumour cell
lines and cells with ES-like morphology, marker expression
and rate of cell division were readily produced. All iPSC clones
formed teratomas and also formed EBs and differentiation led
to the production of neuronal cells. It is noted that MECP2
and the p66 component of MECP1 are targets of miR302 and
analysis of the Oct4 promoter did show demethylation.

Changing the Cell to Change the Factors

Other cell types have been studied for their potential use in
iPSC generation to minimise transgene requirements. Many cell
typed in mouse and human, may already express reprogram-
ming factors at a high enough level to remove them from the
factors used in viral transduction. Multiple recent studies have
shown that mouse neural cell types can be reprogrammed by
lower numbers of transgenes, due to their endogenous expres-
sion of Sox2 and c-Myc (51-58). Mouse neural progenitor cells
(mNPCs) were reprogrammed to iPSC with only two factors
(Oct4 and Klf4) at a low efficiency (51) and use of an inhibi-
tor of the K9-specific histone methyliransferase inhibitor (BIX-
01294) improved the efficiency to that of the 4 factors, func-
tionally replacing c-Myc and Sox2 (59). Mouse adult neural
stem cells (mMNSCs) (52) were used to generate iPSC without
Sox2 and without c-Myc or KIf4, but with much delayed kinetics.
Further studies showed that the use of two factors (Oct4/Klf4
or Oct4/c-Myc) allowed generation of iPSC which were shown
to be pluripotent in nature with no reported tumourigenesis in
chimaeric and F1 mice. Changes in growth conditions to mini-
mise differentiation stimuli (use of serum free medium with
MEK/ERK and GSK3 inhibitors supplemented with LIF) allowed
for the generation of iPSC with only Oct4 and Klf4 in mNSCs
in another study (55). iPSC were also generated from mouse
meningiocytes (56), a multipotent cell type which expresses
high levels of Sox2 and are easy to extract (in animals). iPSC
clones generated were highly homogenous and gave a high
yield of chimaeric animals. Recent studies have been able to
generate iPSC from mouse NSCs, by expressing Oct4 alone
(57). These cells were shown to be pluripotent, formed terato-
mas and exhibited transmission through the germline showing
that, in principle, KIf4, c-Myc and Sox2 transgene expression
are not required for reprogramming.

Small Molecules and Soluble Factors:

Towards Transgene Free iPSC?

The addition of small molecules into the reprogramming
mix has allowed improvement of iPSC generation suggesting
the possibility of transgene free reprogramming, simply by the

addition of appropriate small molecules or soluble factors to
the cell culture medium.

Alongside previous uses of the small molecule BIX-01294,
a K9-specific histone methyltransferase inhibitor (51), retro-
viral-mediated generation of iPSC was shown to be greatly
enhanced using MEFs by the addition of 5-Aza, dexametha-
sone (synthetic glucocorticoid), and various histone deacety-
lase inhibitors (valproic acid (VPA), TSA and suberoylanilide
hydroxamic acid (SAHA)) (60). MEFs have also been repro-
grammed by Oct4 and Klif4 alone, with the aid of two small
molecules which inhibited K9-specific histone methyltrans-
ferase activity (BIX-01294) and an L-channel calcium agonist
(BayK8644) (58). Similarly, primary human neonatal fibro-
blasts have been reprogrammed with only OCT4 and SOX2
transduction followed by one month in ESC culture conditions,
following an initial two weeks of treatment with the histone
deacetylase inhibitor, VPA (61).

Naturally occurring signaling molecules, rather
than artificial drugs, that can modulate the expres-
sion of ESC-associated transcription factors could be
utilised as soluble factors that enhance reprogram-
ming. For this reason, the WNT pathway was studied
(62) and it was discovered that modulation of the WNT-path-
way can affect iPSC generation (63). In an attempt to com-
pensate for excluding c-Myc, reprogrammed cells were cul-
tured in WNT3a-conditioned medium and by approx 3 weeks,
homogenous ESC-like colonies of cells were observed which
were deemed to be fully pluripotent.

IPSC- FROM BENCH TO BEDSIDE?

Models of Human Disease

Multiple studies have addressed the potential use of iPSC
to treat disease utilising studies in mouse models and using
human fibroblasts carrying mutations relevant to specific dis-
eases. Mouse models of human sickle cell anaemia (SCA) (64),
Parkinson’s Disease (PD) (65) and Haemophilia A (66) have
all been used to investigate possible therapeutic uses of iPSC
technology. iPSC technology was combined with gene therapy
to correct the mutant human SCA allele, with subsequent hae-
matopoietic progenitor differentiation and transplantation ef-
fectively leading to the recovery of the mouse (64). In another
study, iPSC generated from MEFs were differentiated to mN-
PCs, which were then transplanted into foetal mouse brains
where they showed functional integration and differentiation
into various neural cells (65). The same cells were then trans-
planted into adult rat brain after administration of 6-hydroxy
dopamine (6-OH-DA) into the striatum, which specifically kills
dopamine neurons, providing a useful model of Parkinson's
disease. Encouragingly, improved behaviour was ob-
served 4 weeks after transplantation. TTFs were used to
generate iPSC without c-Myc and were differentiated towards
an endothelial progenitor cell type and where then injected
into the livers of mice carrying the mutation associated with
Haemophilia A (65). Following a deliberate injury to the tail,
mice with the mutation that did not receive the iPSC-derived
progenitors died wheras those that did survived as well as con-
trol mice. However, it was noted that 16 of the 36 chimeras
generated in one of these studies died within 8 months, with
many showing tumours making it clear that the use of inte-
grating viruses and oncogenes as reprogramming factors will
hinder any therapeutic use of iPSC technology.



iPSC have also been generated from other model animals
(67-69) such as the rhesus macaque (67) and rat (68, 69).
These studies are useful as the rhesus macaque is the most
relevant primate model for human disease, and also shows
that reprogramming is conserved across species.

Disease and Patient Specific iPSC

iPSC technology has been immensely useful in the genera-
tion of “disease-specific” iPSC in humans (70-73). This offers
the opportunity to recapitulate and study normal and “affect-
ed” tissue formation, enabling further studies into respective
diseases and drug development or treatments.

Possible treatment of type 1-diabetes was studied by com-
bined use of iPSC technology with directed differentiation of
human iPSCs to reprogram human foreskin fibroblasts to iPSC
with subsequent generation of islet-like clusters which were
shown to partially recapitulate their normal in vivo function
(70). Dermal fibroblasts from an 82 year old patient with amy-
ofrophic lateral sclerosis (ALS), a neurodegenerative disease,
were also used for iPSC generation (71). iPSC were differenti-
ated into motor neurons and glial cells which still carried the
mutation present in ALS, allowing for more in-depth studies of
the molecular mechanisms of this disease. These studies un-
derline the ability to generate human models of disease with
iPSC technology and also that the technology can also be ap-
plied to “old” fibroblasts, proof of concept that iPSC technolo-
gy can be utilised with any age of cell. Activation of telomerase
and elongation of telomeres is likely to be an important part of
establishing stable iPS cells, especially if using donor cells from
aged patients. Telomerase activity and telomere extension has
been observed in iPSC generated from MEFs and also from
“old” dermal skin from aged mice, which had telomeres of sim-
ilar length to iPSC generated from “young” donors (74). iPSC
have also been generated from a patient with spinal muscular
atrophy (72) in which disease-specific changes in cell survival
and function were reported. Differentiation towards the cell
type affected in SMA (motor neurons) was allowed at early
time points, but was affected upon further culture of the cells
where motor neuron production was slowed or motor neurons
were degenerated. A further study also reported the genera-
tion of iPSC from a wide range of genetic diseases, with either
Mendelian or complex inheritance (73).

Safe iPSC?

Initial iPSC studies utilised retroviruses for gene transfer into
target cells, for their ability to be silenced (2, 3), but alongside
their inability to infect non-dividing cells (10), it was noted that
silencing was not maintained in iPSC (11, 71). Constitutive
lentiviral use, in which transgene silencing is poor (8, 41, 75)
was superseded by inducible lentiviral methods which hoped
to attain full silencing of transgene expression upon attain-
ment of the pluripotent state. However, the common problem
with these vector types is the possibility of integrative mutations,
or reactivation of transgenes, which has been shown to lead to
tumourigenesis (4). Studies on viral integration seem to dem-
onstrate that there are possible “hot-spots” for viral integration,
but the majority seem to be random (19, 76-78).

Solutions to these problems have been the centre of intense
recent research and multiple techniques have been found to
enhance iPSC technology. The use of a polycistronic transcript,
in which all transgenes are present in a single linear form,
could theoretically reduce the number of integrations required

for iPSC generation down to just one and has been utilised to
generate iPSC from both MEFS and TTFs with good efficiency
(0.5-1%) (79, 80). Most of the iPSC showed only one integra-
tion site and full transgene silencing. A further study in this
area was able to show that human neonatal human foreskin
fibroblasts could be reprogrammed similarly (81). The iPSC
were generated with relatively low efficiency, although they
did express common pluripotency markers, formed teratomas
with cells representative of all three primordial germ layers
and some differentiation potential was reported.

The use of adenoviral transgene transduction, which does
not lead to transgene integration, was studied next (82). Hepa-
tocytes, which are easily infected by adenovirus, were success-
fully reprogrammed with no integration, and iPSC generated
showed endogenous expression of pluripotency-associated
genes. The adeno-iPSC also formed teratomas in nude mice,
while some chimerism and germ line transmission was ob-
served. However, this was only observed in one cell type,
the efficiency of reprogramming was extremely low (0.001-
0.0001%) and 23% of the iPS lines were tetraploid. A similar
study generated iPSC utilising a plasmid based approach (83),
which did not require the use of a virus, although again this
was only in one cell type and at very low efficiency.

Recent studies have solved problems associated with the
techniques outlined above by the use of plasmid-based trans-
duction of transgenes using the piggyBac (PB) transposition
system and Cre-lox technology (84, 85) which allows for seam-
less integration then excision of transgenes (86). In the first
study, stable iPSC are generated from MEFs and HEFs using
dox-inducible transgenes using the piggyBac system (85) and
seamless removal of the transgenes from iPSCs was observed
following transient transposase expression. Further, pluripo-
tency of the MEF-derived iPSCs was confirmed via a tetraploid
embryo complementation assay. The second study utilised a
single plasmid with a 2A-peptide-linked reprogramming cas-
sette, flanked by loxP sites, to generate iPSCs in MEFs, with
subsequent removal of the transgene by Cre expression (84).
The single plasmid cassette was then combined with piggyBac
technology to induce stable formation of iPSC from HEFs, al-
though removal of the plasmid was not reported. These meth-
ods seem to be simple (use of plasmids and accessible trans-
fection products), can be used in any cell type (not restricted by
tendency to be infected by virus) and may allow for accurate
transgene removal subsequent to iPSC generation. This tech-
nique, while still initially requiring transgene integration, does
remove the possibility of transgene re-expression and asso-
ciated tumourigenic consequences. This enhanced technique
was then utilised in a therapeutic context, with the generation
of disease-specific transgene-free human iPSCs (87). Fibro-
blasts from sporadic-PD sufferers were reprogrammed into
iPSC, and subsequently, the transgenes were excised through
expression of Cre-recombinase, moving the major therapeutic
goals of iPSC technology significantly closer. Further, the pa-
per also suggests that after the excision of the viral transgenes,
the expression profile of these iPSC was more similar to that
of hESCs than previously generated iPSC lines. This suggests
a small amount of “leaky” expression from transgenes is still
enough to perturb the gene expression profile of such iPSCs.

Selection Criteria for iPSC
If iPSC technology matures rapidly, it will be possible to
generate large numbers of iPSC lines, but what criteria do we
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use to select for therapeutically useful iPSC2 Pluripotent ESC
can be distinguished by morphological criteria, by surface-an-
tigen detection, by loss of transgene expression and by analy-
sis of gene expression, protein expression and studies of DNA
methylation and histone modifications. Lineage specific dif-
ferentiation, teratoma formation, germline transmission and
tetraploid complementation assays are also routinely used
to identify pluripotent cells. However, to do all these assays
for each iPSC clones would be a great undertaking, or can
not be undertaken, such as chimera formation and tetraploid
complementation in the case of human iPSC.

This conundrum has been the topic of some debate and
minimum criteria to test the pluripotent nature of iPSC have
been suggested (88-90). These include, morphological attri-
butes (including self-renewal), correct expression of pluripo-
tency and lineage-associated genes, transgene independence
and proof of functional differentiation. For human iPSCs, the
main functional test is suggested to be the differentiation if
iPSC into cell types representative of all three primordial germ
layers in teratoma formation.

SO IS THIS THE END OF ES RESEARCH?

The short answer, of course, is no.

Research into ESCs has allowed us to understand some of
the key genetic and epigenetic pathways which govern ESC
pluripotency and self-renewal (91, 92), and without this data
iPSC technology may not have been developed. Indeed, iPSC
technology was partly inspired by the fact that somatic human
cells could become reprogrammed by fusion with hESC so sug-
gesting that factors present in hESC allows the reprogramming
of a somatic cell genome (93). Further, there are still many
questions which can be answered by more studies in ESC, as
we still do not fully understand the pluripotent state of ESC,
although gene expression (49, 91, 94, 95), protein interaction
(96), epigenetic (92, 97-99) and miRNA analysis (31, 32) are
surging forward. Only by such analysis and comparisons will
we understand if iPSCs are true representations of ESCs. We
also still do not have gold standard differentiation assays for
many cell types and as functional analysis is mooted as be-
ing a possible test for the “worthiness” of iPSCs for therapy
(88-90) it seems reasonable to suggest that further extended
studies in ESCs are essential. Also, mentioned throughout the
literature is the possible tumourigenic nature of iPSC. This is a
major problem, as both the transgenes utilised and integrative
viruses have been associated with tumourigenesis (100-107).
Perhaps further studies in ESC biology, SCNT and associated
techniques will allow us to discover new and improved ways
to induce pluripotency in somatic cells without the risk of tu-
mourigenesis,

Indeed, many top scientists, some highly involved in the
iPSC field, have called for iPSCs to be studied alongside, rath-
er than instead of, ESC biology and associated techniques,
such as somatic cell nuclear transfer (SCNT) (108-112). Al-
though, iPSC technology does not have the associated ethical
problems that hESC derivation/biology and SCNT technolo-
gies (113, 114), there are many reasons why these associated
technologies should progress side-by-side. Current disadvan-
tages in iPSC technology may mean that proper therapeutic
use may be decades away, in which time hESC could produce
many important breakthroughs. hESCs will also be required
as controls for analysis of iPSCs, further giving reason for con-

tinued research on them. Also, importantly, iPSCs will not tell
us anything about early human development, which could be
uncovered by the use of techniques, such as SCNT. Important
processes, which are likely to be epigenetic in nature (115),
that control early development may be totally by-passed,
meaning many discoveries which may actually make iPSC a
better, quicker and more therapeutically relevant technology
may lie undiscovered.
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ABSTRACT

High levels of serum fibrinogen and fibrin D-dimer are inde-
pendent risk factors for thrombosis of vascular access. The purpose
of this study was to determine the concentrations of fibrinogen
and fibrin D-dimer in haemodialysis patients with arteriovenous
fistulae and to investigate their potentials as markers of vascular
access dysfunction. A prospective, non-randomised clinical study
was carried out at the Kragujevac Clinical Center from 2004 to
2007. The study involved 228 patients, 133 (58.3%) male and
95 (41.7%) female. They were divided into a group (n = 133)
of patients with initial functioning of arteriovenous fistulae and
a group (n = 95) of patients with initial dysfunction of arterio-
venous fistulae. Data were collected regarding the demographic
structure, aetiology of renal disease, blood pressure, body mass
index, biochemical parameters and concentrations of fibrinogen
and fibrin D-dimer of the patients. Dysfunction of arteriovenous
fistulae was significantly higher in older people, (66.5+ 11.47 vs.
61.13 £ 13.8 yrs; p = 0.048). High diastolic blood pressure is a
very important factor in the functioning of arteriovenous fistulae
(83 £ 15.7 vs. 80 + 13.9 mmHg; p = 0.03) Values of fibrinogen
(6 £ 256 vs. 5.72 £ 2.16; p = 0.042) and D-dimer (332.03 =
149.48 vs. 219.56 = 193.05; p = 0.012) at the end of study
showed statistically significant differences between the disease
and control groups. By Cox regression analysis, the concentration
of D-dimer (Beta = 0.002; SE = 0.001; p = 0.006) was shown to
be an independent variable at the end of the study. The age of the
patient, high concentrations of fibrinogen and D-dimer and low
diastolic blood pressure were significantly associated with limited
functioning of arteriovenous fistulae for haemodialysis.

Key words:
Haemodialysis, Arteriovenous fistula, Fibrinogen, D-dimer
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SAZETAK

Fibrinogen i D-dimer su parametri fibrinolize i zna&ajni
faktori tromboze. Cilj ovog prou¢avanja bio je da se odredi
uticaj fibrinogena i D-dimera na disfunkciju arteriovenskih
fistula za hemodijalizu. IstraZivanje je organizovano kao
prospektivna, nerandomizovana, klini¢ka studija u periodu
od 2004 do 2007. godine u Klini¢ckom Centru "Kragujevac" u
kojem je uklju¢eno 228 bolesnika, 133 (58,3%) mu{karaca i
95 (41,7%) Zena. Oni su podeljeni u grupu bolesnika koji su
imali inicijalno funkcionalne arteriovenske fistule (n = 133)
i grupu ispitanika sa nefunkcionalnim fistulama (n = 95). U
studiji su analizirane demografske odlike bolesnika, etiologija
bubrezne bolesti, arterijski krvni pritisak i indeks telesne mase,
rutinski biohemijski parametri, kao i koncentracija fibrinoge-
na i D-dimera. Disfunkcije arteriovenskih fistula su znacajno
&e{ée kod starijih bolesnika, (66,5 = 11,47 vs. 61,13 £ 13,8
yrs; p = 0,048). Visok dijastolni pritisak (83 = 15,7 vs. 80
+ 13,9 mmHg; p = 0,03) je vaZzan faktor u proceni funkcion-
isanja arteriovenske fistule. Vrednosti fibrinogena (6 = 2,56
vs. 5,72 = 2,16; p = 0,042) i D-dimera (332,03+149,48
vs. 219,56+193,05; p=0,012) na kraju studije, u korelaciji
ispitivanih grupa, imaju statisti¢ki znaéajnu razliku. Cox re-
gresiona analiza koncentracije D-dimera na kraju studije
nezavistan je faktor rizika za funkcionisanje arteriovenskih
fistula (Beta = 0,002; SE = 0,001; p = 0,006). Starije osobe,
visoka koncentracija fibrinogena i D-dimera na kraju studije,
kao i nizak dijastolni pritisak, zna&ajno limitiraju funkcion-
isanje fistule za hemodijalizu.
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INTRODUCTION

The endothelium forms a natural barrier that prevents
leakage from blood vessels and also functions as a contact
between the blood and subendothelial structures in the for-
mation of a thrombus. The normal haemostatic reaction is
initiated by doamage to the blood vessel wall and the exposure
of sub-endothelial structures to blood flow, resulting in the for-
mation of a thrombus (1).

A high level of serum fibrinogen is an independent risk
factor for thrombosis of blood access in patients on haemo-
dialysis (HD). Complications of vascular access caused by
thromboses are the main reason for hospitalisation in 17-25%
of patients on HD (2).

An elevated level of D-dimer is usually considered a mark-
er of increased clotting activity. This assumption is one of the
key elements in the controversy regarding the cause and con-
sequences of hypercoagulability (1). Plasma levels of fibrin
fragment D-dimer are elevated during acute venous throm-
bosis because D-dimer is a marker of fibrin formation and
reactive fibrinolysis. In clinical settings, a low D-dimer con-
centration may be a useful diagnostic tool for the exclusion of
acute thrombosis (3). The purpose of this study was determine
the concentrations of fibrinogen and fibrin D-dimer in patients
with arteriovenous fistulae (AVF) for HD and to investigate the
factors that influence the function and survival of these pa-
tients.

MATERIAL AND METHODS

This investigation was designed as prospective, non-ran-
domised clinical study. The study was performed at the De-
partment of Nephrology and Dialysis, Urology and Nephrol-
ogy Clinic, Kragujevac Clinical Center from 2004 to 2007.
It involved 228 patients, 133 (58.3%) male and 95 (41.7%)
female. AVF failure was defined as initial dysfunction. The
criterion for enrolment of the patients was the formation of
AVF thromboses within the first month following the creation
of anastomosis, the most common AVF complication. The ex-
amined patients consisted of two groups:

I. A group of patients with initial functioning of AVF and
Il. A group of patients with dysfunction of AVF for HD

Blood samples for laboratory analysis were taken from
each individual in the middle of the week before HD. Blood
was collected from the arterial end of the vascular access us-
ing a 16G AVF needle (1.65x25 mm) in HD patients before
HD and from the antecubital fossa using a 21G needle. Hae-
matological and biochemical analyses presumed to have an
influence on the survival and function of vascular access were
performed, and the concentrations of fibrin D-dimer at the
beginning and end of the study were measured for all pa-
tients. The numbers of erythrocytes and thrombocytes, haemo-
globin levels, and haematocrit count were determined with a
COULTER device via flow cytometry. Concentrations of ureq,
creatinine, fibrinogen, cholesterol, triglycerides, total protein,
albumin, high-density lipoprotein (HDL) and low-density li-
poprotein (LDL) were determined by spectophotometry (ILab-
600), while levels of D-dimer were measured by immunoassay
(ACL(IL)). The clinical characteristics of groups were deter-
mined by the aetiology of end stage renal disease. Blood pres-
sure was measured in dialysis patients at the beginning and at

the end of the study. Body mass index (BMI) was determined
in all patients as an anthropometrical parameter using the fol-
lowing formula: BMI=body weight kg/body height m?.

Statistical analyses

Continuous variables are presented as means + SD. Uni-
variate comparisons between the groups were made using the
two-tailed, unpaired Student's t test for continuous variables.
Non-parametric data were compared by the ¥2 test. Cox re-
gression analysis was used to analyse relationships between
predictor variables. A two-tailed P-value <0.05 was consid-
ered statistically significant.

RESULTS

Dysfunction of AVF were detected in 76 (33.3%) patients
The group of patients with initial function of AVF comprised
152 (66.7%) patients, 133 (58.3%) male and 95 (41.7%) fe-
male. There was no statistically significant difference in sex
structure of examined patients; p=0.07. Patients with initial
dysfunction of AVF were significantly older than the patients
with initial function of AVF (66.5 + 11.47 yrs dysfunctional vs.
61.13 £ 13.8 yrs functional; p = 0.048). In patients with initial
function of AVF, glomerular disease was predominant while
those patients with dysfunction of fistula primarily suffered
from tubulointerstitial diseases although the difference was not
statistically significant. A high diastolic blood pressure (83 +
15.7 mmHg functional vs. 80 £ 13.9 mmHg dysfunctional;
p = 0.03) was very important factor in functioning of AVF but
there was no significant difference in BMI in the patients we
examined (Table 1).

High levels of plasma fibrinogen and D-dimer were as-
sociated with patients with dysfunctional AVF at the end of the
study. Plasma fibrinogen levels were 6.25 = 2.56 in patients
with dysfunction versus 5.72 = 2.16 in control patients; p =
0.042. D-dimer levels likewise were 332.03 + 149.48 com-
pared to 219.56 = 193.05 in the controls; p = 0.012. No
statistically significant differences in other biochemical param-
eters tested were found between the two groups (Table 2).

There was a statistically significant association between fis-
tula survival and D-dimer concentration at the end the study,
when analysed by Cox regression analysis (Beta 0.002, SE
0.007; p = 0.006) (Table 3).

DISCUSION

In HD patients, the tendency to suffer enhanced bleeding
is primarily based on functional platelet abnormalities and de-
fective adhesion to the vessel wall. On the other hand, a va-
riety of coagulation abnormalities contribute to an increased
thrombotic tendency (2). The results of this study suggest that
a native AVF represents a primary vascular access in all pa-
tients for whom it is possible to create a long-term functioning
AVF. The number of older dialysis patients (>65 years), has
increased significantly more than that of the younger patients
(4). The most common problem in older patients receiving HD
is the creation of a vascular access. Initial dysfunction of AVF in
our study occurred more frequently in the older patients, which
is in agreement with earlier findings.

No statistically significant difference was found in the gen-
der structure between our patients. There is no consensus in
the literature there about influence of gender structure on fis-



Table 1. Demographic, anthropometric and clinical data for the two groups

tula function (5-9). In the our study 58.3%

of patients. patients were male. BMI as value of mal-
Patients with initial | Patients with initial nutrition was not risk factor for the AVF
function of AVF dysfunction of AVF | P-value | dysfunction (10-15) in our study.

(N =152) (N = 76) The major components of blood flow
Age (yI’S) 61.13 = 13.18 665 + 11.47 0.048* fhrough the pofenﬁol fistula are: cardiac
output, mean arterial blood pressure,
Gender (M/F) 95/57 38/38 0.07 functional diameter of the feeding artery
Systolic blood pressure (mmHg) 150 + 23.1 145 + 29.8 0.0s | ond the venous pressure of the draining
vein. It is common for the cardiac output
Diastolic blood pressure 83 + 15.7 80 + 13.9 0.03* of renal dialysis patients to be lower than
(mmHg) normal and for these patients to be un-
BMIT (m2/kg) 21 + 0.02 21 + 0.018 0.069 able to augment cardiac function. There-
fore, their blood pressure is ultimately de-
. Glomerular 20.4 17.1 0.55 creased in response to fistula placement.
§ Patients with poor cardiac function may
25 Tubulo -inferstitial 19.7 26.3 0.26 either go into high output cardiac failure
< or develop hypotension, which can ul-
é o timately clot the fistula itself (16, 17). As

Diabetic nephropathy 17.7 10.5 0.15 .
a consequence, the most important fac-

*statistically significant results;Body mass index;3Only the

diseases leading to terminal renal insufficiency

Table 2. Biochemical analyses of the examined patients.

most important

tor along with good vascular selection is

stable blood pressure (150/83 mmHg), because hypotension
can lead to AVF failure.
Glomerular diseases and polycystic renal disease are more

frequent among patients without AVF failure

*statistically significant results;8fibrinogen at the beginning;¥fibrinogen at
the end of the study;TD-dimer=D-dimer at the beginning;£D-dimer=D-
dimer at the end of the study

Table 3. Cox regression analysis of the fibrin D-dimer as a marker of throm-
bogenesis in the examined patients.

Parameters Cox regression model
Beta SE P-value
D-dimer" (ng/ml) | 0.000 0.002 0.384
D-dimer* (ng/ml) | 0.002 0.001 0.006*

*statistically significant results;TD-dimer=D-dimer at the beginning; £D-
dimer=D-dimer at the end of the study

Test Patients with initial Patients with initial [ P-value |  (18). Tubulointerstitial diseases were prevalent
function of AVF (N = 152) i’V”Fd(E”i”%;f in our patients with dysfunction of AVF, while
— chronic glomerular diseases were predominant
Erythrocytes x 10°L 2.96 + 252 3.15=078 0.25 in the pc?ﬁenfs without AVF foilure.F;\Aoreover, a
Haemoglobin g/L 885+ 184 93+162 0.06 large number of glomerular disease diagnoses
Thrombocytes x 10° 205 + 82.5 195 £ 90.8 0.38 were established without any biopsy verification.
Urea mmol/L 251 x99 24.8 £ 9.14 0.23 However, differences between the groups in our
Creatinine umol/L 639 +228.9 597 + 284.5 0.43 study were not statistically significant.
Fibrinogen and other adhesive proteins
Fibrinogent g/L 48521 553122 o031 | bind *10 ”;:_5 P:elcepior' fc"lusmg F?L“Telefs fo ag-
— : - regate. High levels of plasma fibrinogen ma
Fibrinogen g/L 5.72=2.16 6 =256 0.042 ?rigger fhror?’]bus formchi)on in AVF (1 6)9.] Plosm;,
Cholesterol mmol/L 427 +1.54 423 =147 0.29 levels of D-dimer, a fragment of fibrin, are ele-
Triglycerides mmol/L 093x0.8 0.91 £0.23 0.17 vated during acute venous thrombosis because
Total proteins g/L 64 8.7 64 = 9.25 0.48 D-dimer is a marker of fibrin formation and re-
Albumins g/L 35+5.4 37 + 6.4 0.30 active fibrinolysis (3, 11). Decreased fibrinogen
HDL mmol/L 0.93 = 0.25 0.91 = 0.23 017 concentrations and increased D-dimer concen-
LDL mmol/L 25+ 1.35 2.8 +0.98 0.38 trations at fhe end Of a one-year SfUdy hove
D-dimer" ng/ml 317.28 = 177.64 24946 = 11129 | 0.106 | repercussions in AVF failure due to their roles
D-dimer* ng/ml| 332.03 = 149.48 219.56 5.072-| I the activation of coagulation (18, 19). In our
study, there was a statistically significant posi-

tive relationship between the group of patients with initial func-
tion of AVF and patients with dysfunction of AVF with respect
to the measured values of fibrinogen and fibrin D-dimer at
the end of the study. This indicated that patients with thrombo-
sis of AVF had a significantly disordered haemostatic function,
in agreement with published data (2, 3, 11, 20). However,
no significant differences were detected between the patient
groups in indicators of the uremic syndrome and uremic com-
plications, and other biochemical analyses.

However, Cox regression analysis indicated a significant
correlation between increased fibrin D-dimer concentration
at the end of our one-year study and patients with AVF com-
plications. Moreover, D-dimer concentration in our patients
was higher even when there was no clinical manifestation
of intravascular thrombosis (12). This is of potentially great
importance as the routine detection of D-dimer levels and its
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changes in plasma may be used to predict thrombus. This de-
tection could play a role in the prevention of thrombosis, a
leading complication of AVF.

In conclusion, dysfunction of AVF was found more fre-

quently in older patients. Careful evaluation of frequent mea-
surements of blood pressure, and fibrinogen and D-dimer
concentrations is useful for predicting thrombosis of vascular
access.

REFERENCES

1.

10.

Spronk HMH, van der Voort D, Cate H. Blood coagulation
and the risk of atherothrombosis: a complex relationship.
Thrombosis Journal 2004; 2-12.

. Smits JHM, van der Linden J, Blankestijn PJ, Rabelink TJ.

Coagulation and haemodialysis access thrombosis. Neph-
rol Dial Transplant 2000; 15: 1755-60

. Cushman M, Folsom AR, Wang L et al. Fibrin fragment

D-dimer and the risk of future venous thrombosis. Blood
2003; 1243-48.

Ambuhl P Wuthrich R, Korte W, Schmid L, Krapf R. Plasma
hypercoagulability in haemodialysis patient: impact of di-
alysis and anticoagulation. Nephrol Dial Transplant 1997;
11: 2355-64.

Sofocleus CT, Abu-Judeh HH, Cooper SG, et al: Dialysis
Fistulas, Last Updated: December 31, 2002. Available
from:URL: http://www.uptodate.com/.

Konner K, Nonnast-Daniel B, Ritz E. Disease of the
month The arteriovenous fistula. J Am Soc Nephrol 2003;
14:1669-80.

Rodrigez JA, Armadanas L, Ferrer E, et al. The function
permanent vascular access. Nephrol Dial Transplant
2000;15: 402-8.

Robbin ML, Chamberlain NE, Lockhart ME et al. Hemodi-
alysis arteriovenous fistula maturity: US Evaluation. Radiol-
ogy 2002; 225: 9.

. Guera A, Raynaud A, Beyssen B, et al. Arterial percutaneus

angioplasty in upper limbs with vascular access devices for
haemodialysis. Nephrol Dial Transplant 2002; 17:843-1.
Ezzahiri R, Lemson MS, Peter JEH, Kitslaar M, Leunissen
KML, Tordoir JHM. Haemodialysis vascular access and fis-
tula surveillance methods in the Netherlands. Nephrol Dial
Transplant 1999 14: 2110-15.

14.

15.

. Chou KJ, Jan CR, Lee PT et al. Platelet hyperreactivity in

hemodialysis patients with frequently occluded vascular
access. Thromb Haemost 2004; 3: 621-6.

. Segarra A, Chacon P Martinez-Eyarre C et al. Circulat-

ing Levels of plasminogen activator inhibitor type-1, tissue
plasminogen activator, and thrombomodulin in hemodi-
alysis patients: Biochemical correlations and role as inde-
pendent predictors of coronary artery stenosis. J Am Soc
Nephrol 2001; 12: 1255-63.

.Lip GYH, Lin Lip P Zarifis J et al. Fibrin D-dimer and

B-thromboglobulin as markers of thrombogenesis and
platelet activation in atrial fibrillation. circulation 1996;
94: 425-1.

Molino D, De Santo NG, Marotta R, Anastasio P Mosavat
M, De Lucia D. Plasma levels of plasminogen activator in-
hibitor type 1, factor VIlI, prothrombin activation fragment
142, anticardiolipin, and antiprothrombin antibodies are
risk factors for thrombosis in hemodialysis patients. Semin
Nephrol 2004; 5: 495-01.

Yu A, Egberg N, Jacobson SH. Haemostatic complica-
tions in haemodialysis patients: effect of type of vas-
cular access and dialysis filter. Scand J Clin Lab Invest
2003; 2: 127-3.

. Ross J.L. Hemodialysis arteriovenous fistulas: A nineteenth

century view of a twenty first century problem. Journal of
Vascular Access 2005; 6: 64-1.

. Talaiezadeh AH, Askarpour Sh, Paziar F. Factors respon-

sible for fistula failure in hemodialysis patients; Pak J Med
Sci 2006; (22) 4: 451-3.

.Song |, Yang W, Kim S, Lee J, Kwon T, Park J. Association

of plasma fibrinogen concentration with vascular access
failure in hemodialysis patients. Nephrol Dial Transplant
1999; 1: 137-1.

. Chang MK, Lee SC, Cha DR et al. Association of arterio-

venous fistula thrombosis with anticardiolipin antibody and
lipoprotein(a) value in patients with maintenance hemodi-
alysis. Korean J Med 1997; 4: 518-5.

20.Radojica V. Stolic, Goran Z. Trajkovic, Vladan M. Peric,

Aleksandar N. Jovanovic, Snezana R. Markovic, Sasa R.
Sovtic, Gordana Dj. Subaric-Gorgieva: The influence of
atherosclerosis and plasma D-dimer concentration in pa-
tients with a functioning arteriovenous fistula for maintance
hemodialysis. Int Urol Nephrol. 2008; 40: 503-8.



ORIGINAL ARTICLE

ORIGINALNI NAUCNI RAD

ORIGINAL ARTICLE

CORRELATION OF P53 EXPRESSION LEVEL AND
COLORECTAL CARCINOMA LOCATION

Vesna Stankovic!, Irena Tanaskovic?, Milan Knezevic', Tatjana Kastratovic? and Slobodanka Mitrovic!
'Department of Pathology, Medical faculty, University of Kragujevac, Serbia; 2Department of Histology and Embriology, Medi-
cal faculty, University of Kragujevac, Serbia *Department of Gynecology and Obstetrics, Medical faculty, University of Kraguje-

vac, Serbia

KORELACIJA EKSPRESIJE P53 |
LOKALIZACIJE KOLOREKTALNIH KARCINOMA

Vesna Stankovié¢!, Irena Tanaskovié?, Milan Knezevi¢!, Tatjana Kastratovié® and Slobodanka Mitrovi¢!
' Katedra za patologiju, Medicinski fakultet Univerziteta u Kragujevcu, Srbija; 2Katedra za histologiju i embriologiju, Medicinski
fakultet Univerziteta u Kragujevcu, Srbija *Katedra za ginekologiju i akuserstvo, Medicinski fakultet Univerziteta u Kragujevcu,

Srbija

Received / Primlien: 13. 04. 2009.
ABSTRACT

The purpose of this study was to determine the significance
of the correlation of clinical-morphological parameters and
the expression levels of p53 in colorectal carcinomas. This was
a prospective, clinical-experimental study. We believed that
there would be a correlation between the expression levels of
proto-oncogenes and the pathological stage as well as the de-
gree of histological differentiation of colon cancer. The study
researched and evaluated the correlation between p53 expres-
sion and the location of colon and rectal carcinomas.

Key words: carcinoma, colon, p53, location
INTRODUCTION

Colon cancer is one of the most frequent malignant tu-
mours and the second leading cause of carcinoma-related
deaths in developed countries 1. Advancements in the area
of molecular medicine have led to new findings regarding the
mechanisms of pathogenesis of this type of carcinoma. These
findings have led to new research approaches for potential
medications and diagnostic procedures for the prevention and
treatment of this type of carcinoma 1-4.

Gene p53 is the most frequently mutated gene found in
tumours. It is located on chromosome 17, and it encodes the
p53 transcription factor. p53 regulates the cell cycle by acti-
vating gene transcription, and some p53 gene targets act to
arrest the cell cycle in G1, and when necessary, it also initi-
ates programmed cell death (apoptosis); thus, p53 belongs to
the group of tumour-suppressing genes 5. The basic role of a
tumour-suppressing gene is fo arrest the cell cycle in order to
repair errors in the DNA structure 6. Mutations or the inactiva-
tion of tumour-suppressing genes result in uncontrollable cell
division and a failure to apoptose. They belong to a group of
recessive oncogenes, because they are expressed after both
alleles are deactivated.

The wild-type form of p53 takes part in the DNA repair
process, controls the cell cycle, cell proliferation and cell differ-
entiation, and under certain conditions, triggers apoptosis by
inducing expression of the Bcl-2 gene family. The Bcl-2 family

Accepted / Prihvaéen: 11. 06. 2009.
SAZETAK

Predmet istraZivanja tokom ove studije bio je utvrdivanje
znacaja korelacije klini¢ko - morfoloskih parametara i nivoa
ekspresije p53 kod kolorektalnih karcinoma. IstraZivanje je
uradeno kao prospektivna, klini¢ko-eksperimentalna studija.
Hipoteza studije je da postoji povezanost nivoa ekspresije pro-
toonkogena sa patoloskim stadijumom i stepenom histoloske
diferencijacije tumora debelog creva. Ispitivana je i procenjiva-
na korelacija ekspresije p53 sa lokalizacijom karcinoma kolona
i rektuma.

Kljuéne redi: karcinom, kolon, p53, lokalizacija

includes both anti-apoptotic (Bcl-2, Bcl-XL) and pro-apoptotic
(Bad, Bcl-2-associated X protein (Bax)) proteins. Mutated p53
either looses its tumour-suppressing ability or has it inactivated
through the interaction of p53 with other cellular proteins or
viral oncoproteins (e.g., HPV E7) 7.

Wild-type p53 is expressed in normal tissues at undetect-
able levels, but the mutated form is expressed in over 50%
of all tumours. The method of p53 expression and the level
of p53 expression are both significant for monitoring tumour
development and prognosis only if it is coexpressed with oth-
er tumour markers. However, this is not the case in terminal
phases of illness when the success rate of any therapy, as well
as the outcome, is almost completely known. Numerous stud-
ies have concluded that it is not enough to monitor the expres-
sion of only p53 and that other tumour markers must also be
monitored, whose behaviours may point to better therapies for
malignant diseases 8.

The objective of this study was to examine the p53 gene
expression levels in tumour samples taken from different areas
of the resected colon segments from patients with colorectal
carcinoma in order to determine if a correlation exists between
clinical and morphological parameters and p53 expression
levels. The possible prognostic significance of this correlation
was also determined.

UDK 616.348-006.6 / Ser J Exp Clin Res 2009; 10 (2): 53 - 59

Correspodence: Vesna Stankovi¢, Department of Pathology, Faculty of Medicine, University of Kragujevac Serbia,
Svetozara Markovica 69, Kragujevac 34000, Serbia
Home address: Kopaoni¢ka, 11/11/13; 34000 Kragujevac, Serbia; Tel: +381 64 136 04 31; +381 34 321 959; E-mail: wesna.stankovic@gmail.com

ORIGINALNI NAUCNI RAD

53



54

MATERIALS AND METHODS

This study was a prospective, clinical-experimental study.
Postoperative material was obtained from the resected colorec-
tal tumours of 63 patients (male and female) at the Surgical
Clinic of the Medical Faculty in Kragujevac. Immunohistochem-
ical analyses were made at the Department of Pathology and
Forensic Medicine of KC “Kragujevac” in Kragujevac.

Immunohistochemical-staining procedures included anti-
gen unmasking, blocking endogenous peroxidases, incubating
sections with primary anti-serum and staining with the specific
antibody, followed by LSAB +- HRP, according to the standard
protocol 9. DAKO monoclonal mouse anti-p53 (clone DO-7)
antibody diluted 1:200 was used to detect p53. The selected
threshold value for determining positive or negative expression
of p53 was >30% (i.e., a positive readout on >30% of tumour
cells was classified as positive for p53 expression). Therefore,
the scoring system was based on determining the percentage
of immunoreactive tumour cell nuclei as well as determining
the intensity of immunoreactive staining (Table 1).

Table 1. Adding the points for the percentage of immunoreactivity and for

the intensity gives the complete possible maximal score for the evaluating
expression levels.

% of immunoreactive nuclei Intensity of immunoreactive staining

0=< 5% of nucleic staining 0 = no staining of nucleus

1= 5% to 30% of stained nuclei 1 = weak intensity of nucleus staining

2= 30% to 50% of stained nuclei | 2 = mild intensity of nucleus staining

3= 50% to 70% of stained nuclei [ 3 = very intensive staining

4= 70% to 90% of stained nuclei

cant differences between the areas of the colon for the intensity
of tumour cell p53 staining (p = 0.359).

Of the total 63 analysed CRC samples, 17 tumours on the
sigmoid flexure (pelvic colon) were positive for p53 expression,
while 6 were negative. In the rectum, 7 tumours were positive,
while 10 tumours were not. Similarly, 10 tumours on the ce-
cum were p53 negative, while only 4 were positive. Only 2/7
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Figure 1. Comparison of colorectal carcinoma location with the percentage
of p53 nuclear expression.
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The Mann-Whitney test was used to compare the variable
averages of two populations; for two or more populations, the
Kruskal-Wallis test was used. The chi-square test and Fischer’s
exact test were used to determine the correlation between two
descriptive variables.

RESULTS

Most of the primary colorectal carcinomas (CRCs) were lo-
cated in the sigmoid colon 23/69 (36.5%). In addition, 17/63
(27%) were located in the rectum, 14/63 (22.2%) in the first
section of the large intestine (cecum), and the smallest num-
ber (9/63; 14.3%) in the proximal and transverse areas of the
colon.

Nuclear expression of p53 was present in 33/63 (52.4%)
tumours, and the remaining 30/63 (47.6%) had no p53 ex-
pression.

Statistical analysis of CRC location and p53 expression

The Kruskal-Wallis test demonstrated that the percentage
of cells with nuclear p53 expression varied significantly be-
tween areas of the colon (p = 0.000). Nuclear p53 expres-
sion in the sigmoid colon was significantly different than that
in other areas, but the other areas did not differ significantly
from each other (Figure 1). In contrast, there were no signifi-
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Figure 2. Comparison of the number of colorectal carcinoma samples with
p53 expression and their location.
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Figure 3. Comparison of colorectal tumours location and score
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colon tumours were positive for p53 expression. The tumour
location and p53 expression were dependent (p = 0.012)
(Figure 2).

There were no significant differences in score between the
analysed CRC locations (p = 0.053), although it is indicative
(Figure 3).

DISCUSSION

Results of the analysis of 63 CRCs obtained in this study
demonstrate that most of the primary CRCs were located in
the sigmoid colon, 23/63 (36.5%). In addition, 17/63 (27%)
were found in the rectum, 14/63 (22.2%) were situated in the
cecum, and only 9/63 were in the proximal and transverse
areas of the colon. The results obtained in this study are con-
sistent with the results of several published studies 10-14. Ac-
cording to the other studies, most CRCs are located in the
sigmoid colon and rectum (75%), followed by the cecum and
other colon segments (16%).

We also demonstrated that the nuclear expression of p53
was present in 33 cases (52.4%), and p53 expression was
used as a positivity mark in more than 30% of tumour cells.
However, the remaining 30 samples (47.6%) had no p53 ex-
pression. Our results are consistent with data in the available
literature regarding p53 marker expression in CRCs in which
p53 expression in all carcinomas was found to be 45%-70%,
while the expression of p53 in CRCs was 42%-67% 15,16.

Many studies have researched the numerous mechanisms
of tumour progression in different anatomical regions. p53
mutations are more frequent in tumours of distal parts of the
colon and rectum, with underlying invasion of blood and lym-
phatic vessels in these tumours 17,18. This may explain the
highlighted aggressiveness and vascular invasion of proximal
colon carcinomas with p53 overexpression. The connection
and relationship between p53 mutations and other clinical-
pathological indicators has not been confirmed. Some authors
have demonstrated that the specific p53 mutations and elevat-
ed p53 expression are connected with the aggressiveness of
distal-region tumours 19,20. According to the available data,
the allele deletion of 17p correlates with a higher risk of emer-
gence of outlying metastases, especially with tumours on the
colon’s left side 21.

Examination of the difference between the biological be-
haviour of p53 in tumours and the rectum does not support

Figure 4. Immunohistochemical staining of p53 (x200).

Figure 5. Immunohistochemical staining of p53 (x100).

p53 as an independent prognostic factor for survival in rectal
tumours 22 (Figure 4). Immunohistochemically detected p53
has a limited predictive value, especially in proximal colon tu-
mours. However, an increased p53 expression level in CRC
was found in distal parties 23.

A high frequency of p53 mutations in left-side tumours
(71%) and the rectum (91%) suggest that the molecular mech-
anisms of tumourigenesis in synchronous left- and right-side
tumours are probably different 24. Still, the fact that a Tp53
mutation’s prognostic value regarding a tumour’s biological
behaviour is dependent on the tumour’s location remains 25.

According to the literature, CRC genesis begins with a se-
ries of mutations through the adenoma-carcinoma sequence:
first APC (tumour suppressor), which results in dysplasia, then
K-Ras (oncogene), resulting in anaplasia, and lastly p53,
which gives a malignant character to the already mutated
tissue 26. Cancerogenesis and CRC development include
mutations in multiple genes (APC, C-myc, K-Ras, B-catenin,
SMAD4). However, the cumulative effects have a bigger role
in cancerogenesis than the particular sequence of changes in
those genes 26,27. Molecular markers can help determine the
risk of developing an invasive carcinoma from premalignant
lesions (adenoma). Therefore, gene therapy should target a
number of genes involved in cancerogenesis. According to the
same data, these tumours have some genetic instability and a
loss of their normal karyotype 26-28. Other authors also sug-
gest its value in the progression of the genetic errors 29.

Today, the p53 mutation is the most frequently found mu-
tation in breast, oesophagus and non-small cell lung carci-
noma 30,31. p53 is the base of Lane's functional model of the
Zmolecular policeman’. Wild-type p53 is the transcriptional
regulator in the G1 phase of the cell cycle 32. When DNA
damage occurs, p53 is activated, and through p21, it inhibits
cyclin-dependant kinases and the subsequent phosphorylation
of proteins needed to enter S phase. The G1 pause allows
DNA error repair or the induction of apoptosis and the preven-
tion of mutated cell proliferation 33. p53 mutations result in an
accumulation of p53 proteins, leading to greater proliferation,
loss of apoptosis, chromosome instability and disruption of
differentiation 34. On the other hand, p53-induced cell death
can prevent Bcl-2 expression of proto-oncogenes and inhibit
apoptosis 35. All previously used literary information states
that the majority of CRCs begin through a successive process
of sequential genetic and phenotypic changes, i.e., through
hyperplasia, adenoma, carcinoma and metastasis.
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Some studies have presented CRC cases in which p53 ex-
pression was 76%, and in those, the increased expression was
linked with a shorter survival period 36-40. Many studies have
dealt with the indicators of prognosis in patients with malig-
nant diseases regarding p53 protein accumulation, genetic
mutation of the gene encoding it and the loss of heterozygosity
of the allele on chromosome 17. These clinical and basic stud-
ies suggest that damage to or mutation in p53 leads to exces-
sive genetic amplification of p53 and a loss of cell-cycle and
apoptosis control. The level of these changes has represented
the degree of unfavourable prognosis for patients, as tumours
with p53 hyper-expression have proven to be resistant to ra-
diation and most chemotherapeutics 41. However, some au-
thors have presented a contradictory relationship between p53
expression and survival rate, arguing that the expression has
limited value when it comes to estimating the clinical outcome
42,43. Contrary to those, other authors believe it is a clinically
significant marker 44. Some studies have shown that p53 ex-
pression is an indication of shorter survival 45,46. Vice versa,
some regard p53 expression as a better prognostic factor for
colon tumours in the Australian population 47. Recent studies
point out that only simultaneous expression of K-Ras and p53
can be an indicator of unfavourable prognosis 47.

In thirty-five other studies (twenty-four including immuno-
histochemical staining), p53 expression was found to be a pre-
dictor of an unfavourable outcome (Figure 5). Paradoxically,
twenty-four other studies have shown the opposite results 48.
Some studies have shown that the expression level does not
have a connection with biological behaviour, tumour stage,
histological type, location, tumour size, presence of lymph
node and venal invasion, perineural invasion, metastases in
lymph nodes or outlying metastases (hepatic and peritoneal),
all of which disputes the significance of p53 49.

Based on information that the growth of p53-transfected
malignant cells is arrested and that mutant p53 gives way to
a vaccine therapy, other studies have proposed the possibility
of gene therapy 50.

Wild-type p53 is expressed in normal tissues at undetect-
able levels. However, mutated p53 is expressed in over 50% of
all tumours, when it is possible to detect it (commonly through
immunohistochemistry). As a multi-marker, whose level and
method of expression is monitored in many tumours, it is used
to monitor its connection with the development of malignant
diseases 5,7.

Today, colon and rectal tumourigenesis is a known process,
from adenoma to carcinoma through a series of mutations (as
described above). In an attempt to examine the correlation
between the three key molecules in cell transformation (APC,
K-ras, and p53) in colorectal neoplasm, some studies have
monitored the level of expression of these three tumour mark-
ers. The results have shown that p53 is expressed in more than
50% of tumours, APC in approximately 50% of tumours and
K-ras in less than 30%. Co-expression of p53 and APC was
present in 27% of all tumours, and co-expression of all three
only in a low percentage (less than 7%). However, the co-ex-
pression of all three corresponded with the most aggressive
form of disease and thus, an unfavourable prognosis. Based
on the gathered results, the authors concluded that K-ras and
p53 use two independent genetic mechanisms of cancerogen-
esis, which when activated together, lead to the development
of aggressive forms of the disease 5,7.

Other studies monitored the expression levels of normal
and mutated p53 in breast cancer in situ. Identical p53 muta-
tions were found in approximately equal percentages in in situ
carcinoma and in invasive forms of the disease, suggesting
that there is a clonal connection between the in situ carcinoma
and invasive disease. Thus, in situ carcinoma formation is the
critical moment in the disease development pathway; on the
other side, it disproves the modern understanding of the p53
cancerogenesis mechanism, which implies that the accumu-
lation of mutations leads to an invasive form of the disease
51. In these studies, p53 expression was noted in 36% of all
tumours, and in 7%, only mutated p53 expression was noted;
in 10%, wild-type p53 hyper-expression was observed, while
in 19%, mutated p53 was expressed and wild-type p53 was
hyper-expressed 1.

In other mutant p53 studies, the effects of recessive and
transdominant mutants were examined; these differed in only
one amino acid, and this was the consequence of an error
on codon 72. However, the structural difference in only one
amino acid differentiated the paths of inhibition of wild-type
p53 and mutant p53. The recessive mutation directly inhib-
ited wild-type p53 and the transdominant indirectly inhibited
it through p73. This is significant, because recessive mutants
are formed more frequently in the process of tumourigenesis
(73%) 7.

The occurrence of any of the two mutants in heterozygotic
form with wild-type p53, through the inhibition of the latter, al-
lows the coexistence of both wild-type and mutated p53 in the
tumour, where both exert their effects. This explains the results
of studies that have shown hyper-expression of both wild-type
p53 and mutated p53 in the cases with the highest tumour
p53 expression. In fact, the smallest percentage (same study)
of tumours expressed only mutated p53, but those tumours
were the most aggressive. Thus, balance exists in wild-type/
mutant p53 coexistence: mutant p53 develops its tumourigen-
ic effects, and wild-type controls them, preventing an already
severe disease from becoming even more dangerous 8.

The results of the mentioned studies are somewhat contra-
dictive, since it is now known that tumourigenesis occurs only
if both p53 alleles mutate or are missing, meaning that while
p53 is heterozygote, one normal p53 is preserved. The previ-
ously mentioned studies have shown that p53 is the watchdog
of cell functions and can drive the cell in two directions: apop-
tosis or uncontrollable cell division. However, some studies
noted wild-type p53 hyper-expression in tumours when mu-
tant p53 was not expressed. In such cases, it is presumed that
some other genetic pathway is activated and that it crosses
over with wild-type p53’s expression pathway, as is the case
with mutated Mdm-2, which now would not be able to inhibit
p53 expression 52,53.

The results of these studies lead to the conclusion that it is
not enough to monitor only p53 expression for prognosis, but
that the expression of other tumour markers whose behaviours
may point o some better therapeutic approaches for malig-
nancies must also be monitored54-57.

A number of recent studies have monitored the correlation
of p53, Ki67, HER2 and hormonal receptor expression with
clinical-pathological parameters in ductile breast carcinoma.
The size of the tumours has been correlated with HER2+, ER+
and Ki67 expression, and necrosis has been correlated with
p53 expression. ER-PrR-HER2 +p53+ status was the sign of an
unfavourable prognosis 8.
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Other studies have examined the predictive factors of me-
tastases genesis in the breast cancers of patients undergoing a
mastectomy during postoperative radiotherapy. These studies
monitored HER2, p53 and Bcl-2 expression and demonstrated
that HER2 and p53 were independent predictors of breast
carcinoma metastasis 52,57,58. Bcl-2 has also been identi-
fied in 38% of tumours, and it correlates with a small tumour
size, low histological grade and the lack of metastases. p53
was expressed in 19% of tumours and correlated only with
ER+ status. HER2 was expressed in 53% of tumours and cor-
related with a high number of metastases and a high histo-
logical grade 8,52,53. These results suggest that HER2 can be
referred to as an independent indicator of disease prognosis,
but p53 expression can only be used as a prognostic factor
when coexpressed with HER2 52,53,57,58.

Studies of tumour marker expression on tumour cells iso-
lated from the bone marrow of breast cancer patients (early
stage) have shown that early metastasis is rare in patients with
ER+PrP+ primary tumours, while it is more frequent in HER2 +
primary tumours. However, studies have not examined the
correlation between early metastasis occurrence and p53-/
p53+ primary tumours 53.

Studies examining the expression of the potential prognos-
tic factors pRB2/p130, p107, p27kip1, p53, Mdm-2 and Ki67
in prostate carcinoma have shown that the expression of p53,
Mdm-2, Ki67 and low-level expression of p27kip1 correlates
with an unfavourable prognosis. It has also been shown that
RB mutations (tumour-suppressor) are early events in tumouri-
genesis and that p53 expression is not a good prognostic fac-
tor in the early stage of disease 54.

Changes in pl16, p53, SMAD4 and Ki67 expression in
infraductal papillary-mucinous pancreatic tumours are also
present in pancreatic adenoma. However, mutations in these
molecules were more frequent in pancreatic cancer, which
supports the theory that the invasiveness of tumours rises
alongside the accumulation of mutations, meaning that the
prognosis is more unfavourable 55. In Barrett’s adenocarci-
noma, there is an inverse relationship between the expression
of mutated p53 and p21 59.

The results of the mentioned studies suggest that p53 ex-
pression can only be used for disease prognosis when it is
coexpressed with other tumour markers. A direct correlation
between p53 expression and prognosis is noted in the later
stage of the disease, when any therapy is questionable, mean-
ing there is no significance in measuring the level of its expres-
sion 60.

CONCLUSION

The greatest number of colorectal carcinomas is located
in the sigmoid flexure. There is a correlation between p53 ex-
pression and location, meaning that the location and p53 are
dependant. The percentage of p53 nuclear expression in the
sigmoid flexure is significantly different from the expression
percentages in other locations, while the differences between
other locations are not statistically important, but are indica-
tive. On the basis of the previously stated facts, we conclude
that p53 does not have prognostic potential, but its value re-
garding the understanding of oncogenesis is undisputable.
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ABSTRACT

Background. Elective Caesarean section is an economi-
cally favourable delivery method in some countries, but an un-
favourable option in other high-income economies.

Obijective. The aim of this study was to compare the im-
mediate costs of Caesarean section and vaginal delivery, iden-
tifying their main determinants in the health system milieu of a
higher-middle-income Balkan country.

Methods. The study was designed as in-depth case series
study of Caesarean sections and vaginal deliveries in a tertiary
care Serbian hospital within a six month period. The perspec-
tive of the Serbian Republic Institute for Health Insurance was
followed, and direct costs caused by mother and newborn dur-
ing the hospitalisation were registered. In total 943 pregnant
patients at term entered the study. Elective Caesarean section
was the method of delivery for 113 patients, while 830 patients
had vaginal deliveries.

Results. The average total direct costs per delivery case
during hospitalisation of both mother and child were signifi-
cantly higher (t = 8.187; p < 0.001) in the group with Cae-
sarean section delivery (96,992.84 + 67,842.82 RSD), as
compared with those who had a vaginal delivery (41,869.60
+ 42,843.16 RSD). The main determinants of increased costs
were delivery method, length of hospitalisation, Apgar score,
weight at birth and pregnancy-induced hypertension.

Conclusions. Within the economic settings of Balkan
countries, Caesarean section bears higher immediate costs
than vaginal delivery due to prolonged maternal hospitalisa-
tion, worse immediate delivery outcomes and a higher rate of
complications in pregnancy.

Key words: Caesarean section, delivery, costs
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SAZETAK

Uvod. Planirani carski rez je metod porodaja ¢ija pogod-
nost primene, sa ekonomskog aspekta varira u zemljama sa
visokim prihodima.

Cilj. Uporedenje neposrednih direktnih troskova carskog
reza i vaginalnog porodaja, vz identifikaciju odrednica koje
u najveéoj meri uti€u na njih u zdravstvenom sistemu zemlje
Balkana sa srednje-visokim prihodima.

Metode. Studija je dizajnirana kao serija slu¢ajeva carskih
rezova i vaginalnih porodaja sa detaljinom analizom svakog od
njih, u tercijarnoj zdravstvenoj ustanovi Republike Srbije u peri-
odu od $est meseci. Kori§é¢ena je perspektiva Republickog za-
voda za zdravstveno osiguranje Srbije, a praéeni su i analizirani
direktni troskovi i majke i deteta tokom perioda hospitalizacije.
Istrazivanje je obuhvatalo ukupno 943 trudnice u terminu za
porodaj, od éega je planirani carski rez bio metod porodaja kod
njih 113, dok je 830 trudnica porodeno vaginalnim putem.

Rezultati. Prose¢ni ukupni direktni troskovi i majke i deteta su,
po porodaju, tokom hospitalizacije bili zna¢ajno visi (t = 8,187; p
< 0,001) kod grupe ucesnica u studiji koje su se porodile carskim
rezom (96,992.84 = 67,842.82 RSD) u odnosu na grupu sa vagi-
nalnim porodajem (41,869.60 + 42,843.16 RSD). Determinate
koji su znacajno uticale na porast troskova bile su metod porodaja,
duzina hospitalizacije, Apgar skor, teZina novorodenceta na
porodaju i hipertenzija indukovana trudnodom.

Zakljuéak. U ekonomskim uslovima koji vladaju u zem-
liama Balkana, carski rez ostvaruje vise neposredne troskove
u odnosu na vaginalni metod porodaja usled produzene hos-
pitalizacije majki, loijih neposrednih postporodajnih ishoda
vezanih za novorodence kao i, uopste ucestalijih komplikacija
u trudnoéama koje su zavr§ene ovim putem.

Kljuéne reci: Carski rez, porodaj, troskovi
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INTRODUCTION

The prevalence of Caesarean section deliveries has risen
across the world, with the total number of Caesarean sections
continuing fo rise (1). This may have a profound influence on
national and regional health budgets, provided that signifi-
cant differences exist in the costs of these two delivery methods.
Economic studies conducted in high-income economies had
shown conflicting results when comparing costs of Caesarean
section and vaginal delivery. While in Canada, Caesarean de-
livery during labour for the first delivery was associated with in-
creased cumulative costs (2), in the USA the average total costs
of vaginal deliveries (maternal plus total baby costs) is higher
than the average total costs of Caesarean section (1). However,
the results of such comparisons are highly dependent on the
scope of the costs that are taken into account (e.g., whether
the cost of newborns were included or not, and whether only
immediate costs were considered or both immediate and de-
layed costs were included) (3), on the type of Caesarean deliv-
ery itself (4) (with or without labour) and on foetal presentation
during vaginal delivery (5) (breech of cephalic).

The economic aspects of Caesarean section delivery in
upper-middle-income economies have not been studied. The
maijority of the Balkan countries (Serbia, Montenegro, Bulgar-
ia and Romania) have made rapid socio-economic transitions
during the last decade from planned economies of the social-
ist type to liberal, market-driven economies, resulting in their
shift from the lower- to the higher-middle-income countries
group (2007 gross national income per capita from $3,706 to
$11,455) (6). These countries also have similar annual health
budget per capita, which are as follows: Bulgaria $272, Serbia
$212, Montenegro $212 and Romania $250 (7). While drug
and medical device costs in Balkan countries are similar to
costs in developed European countries, the cost of health care
services is much lower (8). This creates a different economic
environment in health care, and could produce different cost
relations between the same pair of medical procedures in
high-income European countries and higher-middle-income
Balkan countries.

The aim of our study was to compare the immediate costs
of Caesarean section and vaginal delivery, identifying their
main determinants in the health system milieu of the higher-
middle-income Serbian economy.

MATERIALS AND METHODS

Our study was designed as a detailed, in-depth case series
study (9) of Caesarean sections and vaginal deliveries in a
tertiary care Serbian hospital.

The perspective and the time frame

In Serbia, the Republic Institute for Health Insurance (RIHI)
is the institution that makes contracts with health facilities and
controls the prices of services, drugs and materials. Our study
was carried out within this framework. Only services, drugs and
materials endorsed by RIHI were taken into account when cal-
culating costs. The observations of costs occurred during the
periods for which the mother and newborn were hospitalised.

The patients
The study was conducted among patients of the Gynaecol-
ogy-Obstetrics Clinic, Clinical Centre “Kragujevac”, in Kragu-

jevac, Serbia. All pregnant patients of the Clinic who came for
a delivery during the period January the 1st, 2008 — June the
30th, 2008 were enroled in the study. In total, 943 pregnant
patients at term entered the study; none was lost to follow-up.
The investigators did not interfere with the clinical decision of
choosing Caesarean section or vaginal delivery by the obste-
tricians. Elective Caesarean section was the method of delivery
in 113 patients, while 830 patients had a vaginal delivery. The
characteristics of the patients are shown in Table 1.

The costs

Only direct costs made during the stay of mother and
child in the hospital were taken into account in this study.
The costs of hospital days, services, materials and drugs
used were collected from invoices sent to the Republic In-
stitute for Health Insurance by the Clinical Centre “Kragu-
jevac” for each mother and newborn studied. The hospital
day cost is a flat-rate cost, which includes only bed and food
(1,255.31 RSD/day). The following services and materials
were invoiced separately: physical examination (284.01
RSD), Caesarean section delivery (7,726.25 RSD), vaginal
delivery (898.19 RSD), intravenous injection (93.49 RSD),
intramuscular or subcutaneous (48.51 RSD) injection, blood
sample collection (48.51 RSD), ECG (195.26 RSD), blood
count (241.40 RSD), blood chemistry (593.72), wound dress-
ing (93.49 RSD), efc. (services), and infusion sets, needles
(surgical and syringe), syringes, surgical gloves, catheters,
urine bags, dressings, etc. (materials). The drugs used were
also invoiced separately. The costs are expressed in Serbian
official currency, the dinar (RSD); the average exchange rate
in June 2008 was 1 Euro = 77 RSD.

Statistics

The costs are presented as mean values, with standard de-
viations (SD). Statistically significant differences between the
treatment groups were tested by Student’s t-value for differ-
ences between small, independent groups, or by chi-square
contingency tables with Yates’ continuity correction (for com-
paring frequencies). The difference was considered signifi-
cant if the probability of null hypothesis was less than 0.05
(p < 0.05). The main determinants of costs were identified by
means of multiple linear regression (10); all calculations were
made using SPSS-10 statistical software for Windows.

RESULTS

The average total direct costs per delivery case during hos-
pitalisation of both mother and child were significantly higher
(t = 8.187; p < 0.001) in the group who had a Caesare-
an section delivery (96,992.84 + 67,842.82 RSD), as com-
pared with those who had a vaginal delivery (41,869.60 =
42,843.16 RSD).

The average total direct costs per delivery case during hospi-
talisation of the mother alone were also significantly higher (t =
20.112; p < 0.001) in the group who had a Caesarean section
delivery (55,785.04 + 15,436.11 RSD), as compared to those
who had a vaginal delivery (24,910.34 += 11,124.80 RSD).

The average total direct costs per delivery case during hospi-
talization of the child alone were significantly higher (t = 3.671;
p < 0.05) in the group who had a Caesarean section delivery
(41,679.45 = 67,215.23 RSD), as compared with those who
had a vaginal delivery (17,146.37 + 40,845.37 RSD).
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hypertension, n (%) e 770 p < 0.001* costs (Table 3).
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o 855 tion of the newborn alone were
. . . chi-square = 1. ; .
Urinary tract infection, n (%) 3 (2.6%) 53 (6.4%) q: ~ 0.05 taken as the dependenf variable,
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p = 0.01" ight at birth lysi
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* Significant difference
Table 1. The characteristics of Caesarean section and vaginal delivery cases

When total direct costs per delivery case during hospitali-
sation of both the mother and child were taken as dependent
variable, and delivery method (Caesarean section or vaginal),
length of mother stay in days, length of child stay in days, Ap-
gar score, weight at birth (grams), tocolysis during pregnancy,
pregnancy-induced hypertension, cerclage for incompetent
cervix, urinary tract infection, colpitis in pregnancy, in vitro
fertilization, gestational diabetes mellitus, anti-phospholipid
syndrome, premature rupture of the membranes, vacuum ex-
traction, placenta praevia, premature detachment of placenta,
and pregnancy follow-up by a gynaecologist, as independent
variables, the results of multiple regression showed that only
delivery method, length of newborn stay (in days), Apgar score,
weight at birth and pregnancy-induced hypertension had a
significant influence on the total costs (Table 2).

When total direct costs per delivery case during hospitali-
sation of the mother alone were taken as the dependent vari-
able, and the delivery method (Caesarean section or vaginal),
length of mother stay in days, length of child stay in days, Ap-
gar score, weight at birth (grams), tocolysis during pregnancy,
pregnancy-induced hypertension, cerclage, for incompetent
cervix, urinary tract infection, colpitis in pregnancy, in vitro
fertilization, gestational diabetes mellitus, anti-phospholipid
syndrome, premature rupture of the membranes, vacuum ex-
traction, placenta praevia, premature detachment of placenta

regression showed that only
length of mother stay in days,
length of newborn stay in days,

Apgar score, weight at birth and pregnancy-induced hyperten-
sion, had a significant influence on the total costs (Table 4).

DISCUSSION

In order to be cost-effective when compared to vaginal de-
livery, Caesarean section delivery should be associated with
a low rate of surgical complications, shorter length of stay in
a hospital for both mother and newborn, and a more rapid
adaptation of a newborn to extrauterine life, as measured by
the Apgar score (11,12). In our study, the obstetricians chose
vaginal delivery more frequently (7.3:1), with excellent results.
When compared with Caesarean section, vaginal delivery was
associated with significantly shorter hospitalisation of both
mother and newborn, and with better average Apgar scores.
In addition, the average cost of Caesarean section delivery
was twice as high as that of vaginal delivery, making Caesar-
ean section an economically less favourable delivery option in
Balkan countries settings.

The multiple regression analysis showed that Caesarean
section primarily increases costs caused by the mother during
hospitalisation, while the costs caused by child are not direct-
ly dependent on the delivery method. The costs caused by a
mother are also increased due to longer hospitalisation, worse
immediate delivery outcomes (lower Apgar score and lower
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birth weight), and complications of the pregnancy (higher rate
of pregnancy-induced hypertension and gestational diabetes
mellitus). It seems like obstetricians chose Caesarean section
as a delivery method in patients with complicated pregnancy,
which led to prolonged post-delivery hospitalisation and high-
er costs. However, Caesarean section itself results in longer
hospitalisations and postpartum maternal medical care utili-
zation than vaginal delivery, regardless of the complications
in pregnancy (13,14).

The costs caused by newborns were linked primarily to the
immediate delivery outcomes (lower Apgar score and lower
birth weight increased costs), longer hospitalisation and com-
plications of pregnancy (hypertension), which could have led
to worse outcomes. Higher costs caused by the newborns after
Caesarean section probably reflect bias deliberately made by
the obstetricians, choosing Caesarean section for complicated
pregnancies, and may not be a reflection of the effects of this
delivery method itself. However, our study has serious limitations
due to short follow-up period, which resulted in our registering
only immediate costs. The delayed costs of children with birth
injuries remains unknown (15), and their potential to change
the overall cost ratio of the two delivery methods is unclear.

In conclusion, within the economical settings of Balkan
countries, Caesarean section bears higher immediate costs
than vaginal delivery due to prolonged maternal hospitalisa-
tion, worse delivery outcomes and a higher rate of complica-
tions in pregnancy.
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ABSTRACT

Introduction. Chronic inflammatory processes are crucial
in the pathogenesis of atherosclerosis and are considered risk
factors for the development of cardiovascular disease. Tro-
ponin T-negative unstable angina pectoris, a clinical syndrome
in acute coronary syndrome, accompanied by increased values
of systemic inflammatory markers is a possible sign of further
deterioration in acute myocardial infarction and sudden car-
diac death.

Aim. We examined the inflammatory status of patients
with troponin T-negative unstable angina pectoris (CRP, Ho-
mocysteine, fibrinogen, leukocyte and sedimentation) in com-
parison to patients with no cardiovascular disease.

Method. We examined the levels of CRP-a, homocysteine,
leukocytes, fibrinogen, and sedimentation in 39 patients over
a period of 4 months; 20 patients were included in the experi-
mental group, with values of troponin T <0.03 ng/ml; 19 pa-
tients did not have cardiovascular disease (control group). The
criteria used for cardiovascular patients were troponin T values
on the second day after admission of less than 0.03 ng/ml,
pain in the chest that did not resolve with therapy and lasted
longer than 20 minutes, dynamic changes in T waves without
ST elevation and worsening of pain in patients who previously
had angina pectoris.

Results. In this study, we showed that patients with tro-
ponin T-negative unstable angina pectoris had statistically sig-
nificantly high values of CRP (P = 0.000), Homocysteine (p =
0.000), leucocytes (P = 0.000), fibrinogen (p = 0.001) and
sedimentation (P = 0.033) relative to the control group.

Conclusion. Our research shows that markers of inflam-
mation are significantly increased in troponin T-negative unsta-
ble angina pectoris. This may indicate that the assessment of
inflammation markers in troponin T-negative unstable angina
pectoris as a separate clinical entity in ACS could be important
in determining the best treatment for unstable angina.

Accepted / Prihvacéen: 18. 05. 2009.

SAZETAK

Uvod.Hroni¢ni inflamatorni proces je klju¢an u patogenezi
ateroskleroze i smatra se jednim od faktora rizika za pojavu riz-
ika kardiovaskularnih bolesti. T troponin negativna nestabilna
angina pektoris kao poseban klini¢ki sindrom u sklopu akut-
nog koronarnog sindroma, praéena povisenim vrednostima
sistemskih inflamatornih markera je moguéi predznak daljeg
pogorsanja u pravcu akutnog infarkta miokarda i iznenadne
sré¢ane smrti.

Cilj. U nasem radu ispitivan je inflamatorni status pacije-
nata sa T troponin nestabilnom negativnom anginom pektoris
(CRP, Homocistein, Fibrinogen, Leukociti i Sedimentacija) i up-
oredjeni sa istim vrednostima kod pacijenata koji nisu kardio-
vaskularni bolesnici.

Metod. Ispitivan je nivo CRP-a, Homocisteina, Leukocita,
Fibrinogena i Sedimentacije kod 39 pacijenata u razdoblju od
4 meseca od kojih su 20 pacijenata bili ispitivana grupa sa
vrednostima T troponina < 0,03 ng/ml; 19 pacijenata koji nisu
kardiovasularni bolesnici.

Kriterijumi za kardiovaskularne bolesnike su bili vrednosti T
troponina, odredjivan drugi dan nakon prijema, manje od 0,03
ng/ml, izrazen bol u grudima koji ne prolazi na ranije ustanov-
lienu terapiju i traje duze od 20min, dinami¢ke promene na T
talasu bez ST elevacije i pogor$anje bola kod ranijuih angi-
noznih bolesnika.

Rezultati.lstraZivanjem smo pokazali da bolesnici sa T
troponin negativnom, nestabilnom anginom pektoris, imaju vi-
soko statisti¢ki znacajne vrednosti CRP (p<0.01), Homocistein
(p<0.01), leukociti (p<0.01), fibrinogen (p<0.01), sediment-
acija (p<0.05) u odnosu na kontrolnu grupu.

Zakljuéak.Nase istraZivanje pokazuje da su markeri infla-
macije znacajno poveéani u T troponin negativnoj nestabilnoj
angini pektoris. To moZe da ukaze da pracenjem markera infla-
macije u T troponin negativnoj nestabilnoj angini pektoris kao
posebnog klini¢kog entiteta u sklopu AKS ée imati znacaja u
odredjivanju pravovremenog puta u lecenju nestabine angine.
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INTRODUCTION

Biochemical cardiac markers play an important role in
evaluation of the degree of the severity of pathological pro-
cesses and treatment of patients with ACS (1). Several systemic
inflammatory markers may show different degrees of inflam-
mation and coronary atherosclerosis, especially in ACSS (2,
3). Inflammation, both local and general, plays an important
role in the development of ACS. Inflammatory processes de-
termine plaque stability and instability (4, 5). One important
question is whether markers of inflammation can be helpful in
assessing the degree of risk and in the identification of patients
for the purpose of determining the appropriate therapeutic
procedures. The markers of inflammation investigated in this
study were CRP, homocysteine, leucocytes, sedimentation and
fibrinogen. CRP is a powerful independent predictor of car-
diovascular disease, although it is not clear whether CRP is an
excellent indicator or a trigger for ACS (6, 7, and 8).

Recent research shows that high values of CRP correlate
with the amount of NO (Nitric Oxide) from the endothelium
in patients with coronary disease (9). The data suggest that
CRP itself attracts potential monocytes and facilitates the entry
and oxidation of small LDL particles in macrophages, forming
foamy cells and causing complement activation (10). CRP has
a direct proatherothrombotic effect on the levels of vascular
smooth muscle cells (11) The results show that macrophages
and cells similar to smooth muscle cells produce seven times
more CRP than the liver (12)

Homocysteine is also a powerful and independent predic-
tor of ACS, sudden cardiac death and stroke. Homocysteine is
toxic for the endothelium, especially free homocysteine, which
acts prothrombotically, increasing collagen production and
reducing the availability of NO, which explains the connec-
tion between high homocysteine concentrations in the plasma
and more severe atherosclerosis (13, 14, and 15). Free ho-
mocysteine is a more accurate predictor of new cardiovascular
events in ACS than total homocysteine (16). An increase in the
number of leukocytes, which may be an adequate indicator of
risk in ACS, begins with the growth in the first two to four days
after the establishment of angina pain.

Furthermore, red blood cell sedimentation increases in
ACS from the second to the fifth day, and lasts for several
weeks after that, followed by an increase in fibrinogen with
the same dynamics, but without a significant correlation with
the severity of ACS.

Based on the above noted points, the aim of our research
was to find possible correlations between inflammatory mark-
ers in troponin T-negative unstable angina pectoris.

SUBJECTS AND METHODS

Institution and study duration. The research was conducted
in the coronary unit and the internal medicine department of
the health centre in Gornji Milanovac from September 2008 to
December 2008. This was a prospective and controlled study.

Subjects and research settings. The study included 39 pa-
tients of whom 14 (35.9%) were women and 25 (64.1%) were
men, with the youngest being 36 years old and the oldest 72
years old. The average age in both groups was 60. Twenty
patients (51.3%) had unstable angina pectoris and negative
troponin-T; 19 patients (48.7) did not have cardiovascular dis-
ease and were considered the control group. The criteria used

for the inclusion of patients in the experimental group were
troponin-T <0.03 ng/ml, pain in the chest lasting more than
20 minutes that was unresponsive to previously established
therapy or sublingual therapy, dynamic changes in T waves
without ST elevation, and aggravation of pain in previously
established angina pectoris.

Each patient from the coronary protocol was matched with
one patient without cardiovascular disease of the same age,
forming the control group.

Methods. The objective of the research was to determine
the values of the markers of inflammation as measured on the
second day after receiving the patients in the department. The
concentration of CRP in serum was determined by immuno-
haemia nefelometria method. Normal concentration of CRP is
<5 mg/Il. The concentration of total homocysteine tHcy in se-
rum was determined using the FPIA (Fluorescence polarisation
immunoassay) method. The normal concentration in serum
is =15 umol/l. To determine the leukocyte count, a sample
of full blood was treated with K3-EDTA anticoagulants. The
method is automatic haematology counter using the principle
of volumetric independence. To measure sedimentation, the
full sample of blood was treated with the anticoagulant so-
dium citrate at 3.8% and the sedimentation rate was measured
using the Westergren method, comparing the results of two
measurements in the first hour. Fibrinogen was determined by
the Claus method.

Statistical analysis. The results were analysed in the SPSS
Windows program. “Student’s T test” was used as the para-
metric test and Mann-Whitney as non parametric test. For the
normal distribution the Kolmogorov-Smirnov test and Shapiro-
Wilk tests were used. For the comparison we considered prob-
ability p <0.005 as significant.

RESULTS

The results presented in Table 1 and Fig. 1 show the values
obtained for each of the individual inflammation markers.

Table 1 represents the average age of the patients in the
experimental group and control groups, and shows that they
are almost the same: 60.05 in the experimental group and
60.85 in the control group, which is not statistically significant
(p>0.05). The next row shows a statistically significant differ-
ence (p = 0.000) in the CRP of the experimental group, where
the average value was 23 while in the control group it was 8.
There is also a statistically significant difference in the values
of homocysteine (p<0.01), with an average value of 22.42
in the experimental group compared to 8.20 in the control
group. Another statistically significant difference (p<0.01) was
found in the values of leucocytes, showing an average value
of 8.75 in the experimental group in comparison to an aver-
age value of 4.60 in the control group. Statistical significance
is also present in fibrinogen (p<0.01) with average values of
4.28 in the experimental group in comparison to the control
group (2.93). Sedimentation rate also expressed statistically
significant values (p<0.05), with an average value of 22 in the
experimental group in comparison to the control group with
an average value of 8.

The average values for each marker with comparison be-
tween the examined and control groups from Table 1. are rep-
resented in Fig. 1. From the chart diagram 1.2 it can be seen
that the most important differences were the average values of
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CRP between the control and the experimental group, followed
by the homocysteine and sedimentation values.

DISCUSSION

Our study examined the levels of inflammation markers for
CRP, homocysteine, sedimentation, fibrinogen and leucocytes
in patients with troponin T-negative unstable angina pectoris
in comparison to a control group. The study showed that pa-
tients with troponin T unstable angina had statistically signifi-
cant higher values of these markers in plasma than the group
of patients who had no cardiovascular disease. Our results
show that the levels of the inflammation markers in the pa-
tients with unstable troponin T-negative angina correspond to
the results previously obtained in this field. One of the studies
conducted by Niccoli (6) shows that the value of CRP correlates
with the vulnerability and degree of inflammation of athero-
sclerotic plaque more than with the range and seriousness of
coronary artery disease. Tanaka and associates (5) indicate
that CRP values have a positive correlation with the number
and degree of plaque ruptures in ACS.

Experimental data support the view that CRP in ACS is loc-
alised to the blood vessel wall and its origin is cardiac, with di-
rect proinflammatory effect on the endothelium and mononu-
clear cells (17, 18). Patients with troponin T-negative unstable
angina pectoris and high CRP values have an increased risk of
suffering acute myocardial infarction, cardiac death and need
for early revascularisation, in relationship to patients without
increased CRP values (9).

Free homocysteine is also a powerful and independent
predictor of acute coronary events, sudden cardiac death and
stroke. Values of total homocysteine of 5-15 umol/l and val-
ues of free homocysteine of 2.8 umol/I are considered normal
(19). Free homocysteine, rather than total homocysteine, is
a more specific and more independent predictor of cardio-

pulmonary event in ACS (16). High concentrations of homo-
cysteine are directly associated with advanced atherosclerosis,
toxic effects on the endothelium, NO reduction and prothrom-
botic effects (15).

The results of our study support the above mentioned data
in troponin T-negative unstable angina pectoris. We realised
that levels of inflammation markers do not depend on gen-
der or age. Our research shows that the values for fibrinogen,
leukocyte and sedimentation rate are significantly higher in
patients with froponin T-negative unstable angina than in the
control group. Patients who have higher CRP values also have
increased values of fibrinogen. Furthermore, our results indi-
cate that increased values of CRP homocysteine and fibrino-
gen are associated with a worse clinical outcome in patients
with ACS, which differs from other reports (20).

In summary, the results of our study support the impor-
tance of inflammation in coronary heart disease. Based on
our results, the most significant markers in coronary heart dis-
ease are CRP and homocysteine, particularly with respect to
the final clinical outcome.

REFERENCES

1. Kashiwagi M, Tanaka A, Kitabata H, Tsujioka H, Matsu-
moto H, Arita Y, et al. Relationship between coronary arte-
rial remodeling, fibrous cap thickness and high-sensitivity
C-reactive protein levels in patients with acute coronary
syndrome. Circ J 2009; E-pub May 12, 2009.

2. Schoenhagen P Ziada KM, Kapadia SR, Crowe TD, Nissen
SE, Tuzcu EM. Extent and direction of arterial remodeling
in stable versus unstable coronary syndromes: an intravas-
cular study. Circulation 2000; 101: 598-603

3. Fujii K, Carlier SG, Mintz GS, Wijns W, Colombo A, Boese
D, et al. Association of plaque characterization by intravas-
cular ultrasound virtual histology and arterial remodeling.
Am J Cardiol 2005; 96: 1476-83

4. Sano T, Tanaka A, Namba M, Nishibori Y, Nishida Y,
Kawarabayashi T, et al. C-reactive protein and lesion mor-
phology in patients with acute myocardial infarction. Cir-
culation 2003; 108: 282-5

5. Tanaka A, Shimada K, Sano T, Namba M, Sakamoto T,
Nishida Y, et al.Multiple plaque rupture and C-reactive
protein in acute myocardial infarction. J Am Coll Cardiol
2005; 45: 1594-9.

6. Niccoli G, Biasucci LM, Biscione C, Buffon A, Siviglia M,
Conte M, et al. Instability mechanisms in unstable angina,
according to baseline serum levels of C-reactive protein:
The role of thrombosis, fibrinolysis, and atherosclerotic
burden. Int J Cardiol 2007;122: 245-7.

7. Nakachi T, Kosuge M, Hibi K, Ebina T, Hashiba K, Mitsu-
hashi T, et al. C-reactive protein elevation and rapid an-
giographic progression of nonculprit lesion in patients with
non-ST-segment elevation acute coronary syndrome. Circ
J2008; 72: 1953-9

8. Djuric D, Jakovljevic V, Rasic-Markovic A, Dijuric A,
Stanojlovic O. Homocysteine, folic acid and coronary ar-
tery disease: possible impact on prognosis and therapy.
Indian J Chest Dis Allied Sci 2008; 50(1): 39-48

9. Fichtischerer S, Breuer S, Schachinger V, Dimmeler S, Zeiher
A. C-reactive protein levels determine systemic nitric oxid
bioavailability in patients with coronary artery disease. Eur
Heart J 2004; 25:1412-8

67



68

10.

11.

12.

13

14.

e

A

Zwaka TP Hombach V, Torzewski J. C-reactive protein-
mediated low density lipoprotein uptake by macrophag-
es: implications for atherosclerosis. Circulation 20071;
103(9):1194-7

Wang CH, Li SH, Weisel RD, Fedak PW, Dumont AS, Szmit-
ko P, et al. C-reactive protein upregulates angiotensin type
1 receptors in vascular smooth muscle. Circulation 2003;
107(13):1783-90

Yasojima K, Schwab C, McGeer EG, McGeer PL. Genera-
tion of C-reactive protein and complement components in
atherosclerotic plaques. Am J Pathol 2001;158: 1039-51

. Chambers JC, Ueland PM, Wright M, Dore CJ, Refsum H,

Kooner JS. Investigation of relationship between reduced,
oxidized, and proteinbound homocysteine and vascular
endothelial function in healthy human subjects. Circ Res
2001; 89:187-92

Chambers JC, Ueland PM, Obeid OA, Wrigley J, Refsum
H, Kooner JS. Improved vascular endothelial function af-
ter oral B vitamins: an effect mediated through reduced

concentrations of free plasma homocysteine. Circulation
2000;102: 2479 -83.

15.

16.

Ross R: Atherosclerosis — An Inflammatory Disease. The
New Eng J Med 1999; 340(2): 115-26

Martijn GH, van Oijen MS, Bimmer EPM, Claessen AB, Clap-
pers N, van Schaik A, et al. Prognostic Value of Free Plasma
Homocysteine Levels in Patients Hospitalized With Acute
Coronary Syndrome Am J Cardiol 2008; 102: 135-9

. Nabata A, Kuroki M, Ueba H, Hashimoto S, Umemoto

T, Wada H, et al. C-reactive protein induces endothelial
cell apoptosis and matrix metalloproteinase-9 produc-
tion in human mononuclear cells: Implications for the
destabilization of atherosclerotic plaque. Atherosclerosis

2008;196(1): 129-35

. Bisoendial RJ, Kastelein JJ, Stroes ES. C-reactive protein

and atherogenesis: from fatty streak to clinical event. Ath-
erosclerosis 2007;195(2): 10-8

. Ueland PM, Refsum H, Stabler SP Malinow MR, Andersson A,

Allen RH. Total homocysteine in plasma or serum: methods
and clinical applications. Clin Chem 1993; 39: 1764 -79.

.Hoffmeister A, Rothenbacher D, Bazner U, Frohlich M,

Brenner H, Hombach V, et al. Role of novel markers of in-

flammation in patients with stable coronary heart disease.
Am J Cardiol 2001;87(3):262-6




PRIKAZ SLUCAJA

CASE REPORT

CASE REPORT

PRIKAZ SLUCAJA

CERVICAL SYMPATHETIC CHAIN SCHWANNOMA

Slobodanka Mitrovic!, Vesna Stankovic1, Slobodan Milisavljevic?, Stanko Mrvic? and Milos Milosavljevic!
'Department of Pathology, Medical faculty, University of Kragujevac, Serbia; 2Department of General Thoracic Surgery,
Clinical Center Kragujevac, Serbia

SVANOM SIMPATICKOG CERVIKALNOG LANCA

Slobodanka Mitrovi¢!, Vesna Stankovié¢!, Slobodan Milisavljevié?, Stanko Mrvié? i Milo§ Milosavljevi¢1
! Katedra za patologiju, Medicinski fakultet Univerziteta u Kragujevcu, Srbija
2 Centar za grudnu hirurgiju, Klini¢ki Centar Kragujevac, Srbija

Received / Primljen: 17. 02. 2009.
ABSTRACT

Introduction. Schwannomas of the head and neck devel-
op from the sheaths of cranial, peripheral or autonomic nerves.
Between 25% and 45% of schwannomas occur in this region.
Schwannomas of the sympathetic chain are very rare, and the
literature describes just over 40 cases, localised mostly in the
neck or retroperitoneal areas.

Case report. We present the case of a 38 year-old woman
with a large schwannoma of the cervical sympathetic chain. At
its widest, the tumour reached a maximum diameter of 130 mm.
Since the mediastinal component was so large, the tumour was
operatively excised via a right posterolateral thoracotomy. Mi-
croscopic analysis confirmed the diagnosis of benign schwan-
noma. A computed tomography scan six months after resection
showed no evidence of local recurrence.

Conclusion. Schwannomas of the cervical sympathetic
chain are extremely rare tumours. Proper diagnosis requires
microscopic tumour tissue analysis. Although these tumours are
benign, they can cause a variety of symptoms while growing, ne-
cessitating urgent operative treatment.Key words. Open angle
glaucoma, argon laser trabeculoplasty , intraocular pressure.

Keywords: schwannoma, sympathetic chain, head and
neck neoplasms, surgery, pathology

INTRODUCTION

Schwannoma (also known as “neurilemmoma”) is a
rare tumour arising from the nerve sheaths of cranial, pe-
ripheral and autonomic nerves. Between 25% and 45% of
these tumours are located in the cranial and cervical re-
gions, and schwannomas most commonly arise from cra-
nial nerves and their branches.1 Clinically, they present
as solitary, painless, slow-growing tumours, sometimes fol-
lowed by neuralgia and paresthesia in the corresponding
region. The treatment of choice is complete surgical exci-
sion to prevent neurological deficits and recurrence. Since
these tumours rarely undergo malignant transformation,
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SAZETAK

Uvod. Svanomi glave i vrata nastaju iz omotaa kranijalnih,
perifernih ili autonomnih nerava. Na ovoj lokalizaciji se javljaju
u 25 % do 45% slucajeva. Svanomi simpatickog lanca su veo-
ma retki, i u literaturi je opisano nesto vise od 40 sluéajeva, sa
najée$¢om lokalizacijom u vratnoj ili retroperitonealnoj regiji.

Prikaz sluéaja. Predstavljamo slu¢aj, 38 godina stare
Zene sa dZinovskim $vanomom vratnog simpati¢kog lanca,
maksimalnog  pre¢nika 130mm. Zbog veli¢éine medijas-
tinalne komponente, tumour je operativno uklonjen kroz
desnu posterolateralnu torakotomiju. Mikroskopskim ispiti-
vanjem postavljena je dijagnoza benignog $vanoma. Sest
meseci nakon operacije pacijent je bez radioloskih znakova
recidiva bolesti.

Zakljuéak. Svanomi vratnog simpatickog lanca su izuzet-
no retki tumouri ¢&ija se dijagnoza potvrduje mikroskopskom
analizom tumourskog tkiva. Najéesée su benignog karaktera
ali svojim rastom mogu usloviti pojavu razli¢itih simptoma,
zbog ¢ega je indikovano hitno operativno lecenje.

Kljuéne reci: svanomi, simpati¢ki lanac, neoplazme glave
i vrata, hirurgija, patologija.

the primary goals of surgery should be preserving and re-
pairing nerve function.

Schwannomas in this location often imitate other condi-
tions such as infections or metastatic tumours. Although their
incidence is quite low, surgeons must consider the potential
neurogenic origin of these tumours. When a schwannoma
is incompletely resected, permanent nerve damage may oc-
cur. Schwannomas are diagnosed using computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) imaging
in addition to angiography, and histological examination of
resected tissue is required to confirm the diagnosis.

a-SMA - smooth muscle actin; CT - computerised tomography; GFAP - glial fibrillary acidic protein; EMA - epithelial membrane antigen; MRI - magnetic

resonance imaging; US - ultrasound.
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CASE REPORT

A 38 year-old woman was admitted to our hospital for
swelling in the right half of her neck. She described a one-year
history of occasional aching in the right half of her chest and
difficulty swallowing. Physical examination revealed a pain-
less, movable mass located in subcutaneous tissue in the right
supraclavicular region. No neurological deficit was detected.
Laboratory tests and spirometry parameters were within nor-
mal limits. Ultrasound (US) scan of the neck revealed a hy-
poechogenic mass in the right supraclavicular area, inferior to
the main blood vessels. Radiographic, posterior-anterior films
of the chest revealed a clearly defined shadow that increased
the pressure on the trachea, causing leftward tracheal devia-
tion. CT scans revealed an expansive mass, sized 98 x 78 x
70 mm, located in the upper mediastinum, with the intensity
of the non-homogenous soft fissues (the attenuation of 40HU).
No pathological changes were observed in the surrounding
lung parenchyma. The tumour compressed trachea and bra-
chiocephalic vein, but there was no clear evidence of infiltra-
tion (Figure 1).

Based on these imaging procedures, the patient was given
a clinical diagnosis of a tumour in the upper mediastinum. A
multidisciplinary medical team recommended a right poste-
rolateral approach for surgical excision because of the bulky
mediastinal portion of the tumour, despite expansion of the
tumour into the neck.

After thoracotomy, a rounded mass was visualised, with
a maximum diameter of 130 mm, below the upper thoracic
aperture. The root originated over the upper edge of the first
rib. The mass was identified as a cervical sympathetic chain
tumour. To safely resect the tumour, we first reduced the fissue
and then removed it together with the tumour capsule.

The patient experienced Horner’s syndrome after the op-
eration, but the postoperative period was otherwise uncom-
plicated. The patient was released from the hospital after two
weeks. A CT scan performed six months after the resection
showed no signs of a local recurrence.

Three tfissue samples of irregular shape (maximum diam-
eter of 23, 52 and 61 mm), with total weight of 210 grams,
were sent for pathological examination (Figure 2). Macro-
scopically, they had smooth and shiny surfaces, and the cross-
sections were white-yellowish in colour with a glassy and firm
consistency. Microscopic analysis revealed an encapsulated
tumour with a clear border and spindle-shaped cells grouped
in short and long fascicles oriented in different directions
(Figure 3a). The tumour was uniformly cellular, though there
were a few hypercellular zones with palisade nuclei forming
Verocayzs bodies and areas of myxoid degeneration (Antoni A
and Antoni B component). Pathologists found no evidence of
cytological atypia, mitosis or necrosis. The tumour had scant
macrophage infiltration, focal aggregates of lymphocytes,
and zones of cystic degeneration together with hyaline in the
blood vessel walls. Immunohistochemically, tumour cells dif-
fusely expressed vimentin (Figure 3b), S-100 protein (Figure
3c) and glial fibrillary acidic protein (GFAP) (Figure 3d), but
lacked epithelial membrane antigen (EMA), desmin, CD 31,
CD 34, smooth muscle actin (a-SMA) and CD 68 (Figure 3e).
We found focal areas with macrophages by CD68 staining, as
well as regions of blood vessels staining positively for CD31,
CD34 and a-SMA in tumour tissue. Application of Ki-67 an-
tibodies showed a very low proliferation index, less than 1%

Figure 1. Heterogeneous soft tissue shadow located in the upper mediasti-
num: a) CT of the chest; b) CT reconstruction

-

Figure 2. Macroscopic appearance of the resected tumour: three tissue
samples of irregular shape, with maximum diameter of 130 mm and total
weight of 210 g.

(Figure 3f). Taken together, the microscopic and immunohis-
tochemistry results led to a final diagnosis of benign schwan-
noma.

DISCUSSION

Schwannomas were first described in 1910 by Verocay.2
They have alternatively been called neurilemmomas, solitary
tumours of nerve sheets, and perineural fibroblastic tumours
but the WHO has recommended the term schwannoma.3, 4
In general, schwannomas are solitary tumours, whereas the
presence of multiple schwannomas is a component of von
Recklinghausen disease. In the head and neck, schwannomas
can originate from any peripheral, spinal or cranial nerves
except the optic or olfactory nerves.5

Schwannomas of the sympathetic chain are very rare. Ap-
proximately 40 cases have been described in the literature,
and these are most often localised to the cervical and lumbar
retroperitoneal region.6-11, 12-16 These tumours usually af-
fect patients from 20 to 50 years old7, and men are affected
three times more often than women.16 Schwannomas can
grow to 20 cm in diameter.17 These large tumours are often
associated with focal haemorrhage, calcifications or cystic de-
generation of the lesion.18

Most schwannomas of the cervical region are asymp-
tomatic. Depending on their exact location, cervical schwan-
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Figure 3. Histological features of a schwannoma: a) the tumour is com-
posed of spindle cells grouped in shorter and longer fascicles (HE staining
technique, x200). The tumour cells express: b) vimentin (x100), ¢) S-100
protein (x200), and d) GFAP (x200). e) The tumour cells are weakly, focally
positive for CD 68 (x200), and f) the Ki-67 proliferation index is very low,
less than 1% (x200).

nomas can cause tonsillitis, hoarseness, dysphagia and pain.
Although schwannomas infrequently compress or infiltrate sur-
rounding organs, in these rare cases, the sympathetic chain is
usually affected, resulting in pain and paresthesias. Several
cases have been associated with Horner’s syndrome.é, 8, 10,
11, 13, 14 Sympathetic hyperactivity can also occur, and one
report describes a cervical sympathetic chain schwannoma
that caused ipsilateral lacrimation, palmar hyperhidrosis, con-
junctival injection, and nasal congestion.9

The challenge in the treatment of these tumours is to differ-
entiate a benign schwannoma of the sympathetic chain from
other pathological processes with similar presentations. De-
pending on the location of the tumour, the differential diagno-
sis could include lesions of the carotid artery, paragangliomas,
sarcomas and malignant schwannomas. Careful clinical ex-
amination is important, but histopathological and immunohis-
tochemical analyses are required to confirm the diagnosis and
exclude malignancies.

Preoperative imaging procedures including MRI, CT
and angiography are particularly helpful. On an MRI scans,
schwannomas show a high intensity signal on T2-weighted
imaging and a low intensity signal on T1-weighted scans. In
comparison to paragangliomas, schwannomas are not vas-
cularised. Non-contrast CT shows a mass less dense than sur-

rounding muscle tissue. CT scans
with contrast show heterogeneous
distribution of the contrast agent.

US can help to distinguish a
vagal nerve schwannoma from a
schwannoma of the sympathetic
chain. Carotid angiogram can
also be important in the diagnosis
of cervical tumours. Carotid body
tumours are characterised by hy-
pervascularity while schwannomas
lack this distinguishing feature.12,
15

Cervical anatomy can give
insight into the appropriate dif-
ferential diagnosis for a cervical
tumour. Paragangliomas have a
cranial origin and spread laterally.
Schwannomas mostly occur in the
parapharyngeal region, affecting
cranial nerves IX, X, Xl and XII. If
they include the vagal nerve, the
schwannomas divide the common
carotid artery and internal jugular
vein, while schwannomas the of
the sympathetic chain do not di-
vide these vessels.7

Microscopic and immunohis-
tochemical analysis are key to
establishing a definite diagnosis.
According to the WHO classifica-
tion of central nervous system tu-

mours, schwannomas are defined as the tumours originating
from nerve sheaths.3, 4 They are further classified into cel-
lular, plexiform and melanotic types.3, 4 Immunohistochemi-
cally, they are characterised by expression of S-100 protein
and GFAP.19

In our case, the presence of Antoni A and Antoni B zones,
microscopic patterns pathognomonic for schwannomas, con-
firmed our diagnosis.20 We observed nuclear palisades in
several tumour specimens, which formed Verocay’s bodies.
Nuclear palisades in Antoni A regions are more commonly as-
sociated with spinal, rather than at intracranial, schwannomas.
In addition, schwannomas of cranial nerve VIII characteristi-
cally lack nuclear palisades.20 Schwannomas are typified by
cystic and hyaline degeneration of blood vessel walls, and they
have macrophages and lymphocytic aggregates.19 Ki-67 is
expressed only in some tumour cells, which aligns with reports
that mitosis is rarely observed in schwannomas.21

The appropriate schedule for surgical resection and post-
operative follow-up remains controversial.22 In our case,
there were several indications for immediate intervention. Our
patient was young, and she had a large sympathetic chain
schwannoma that was likely to grow quickly and/or convey
novel symptoms during the disease course. Furthermore, our
differential diagnosis included other tumour types that require
urgent surgical infervention. Since some schwannomas are
malignant and benign schwannomas can undergo malig-
nant transformation, young patients may have a higher risk
of having cancerous schwannomas.23 Surgical intervention
was indicated since only microscopic examination of biopsy
specimens could yield a precise diagnosis.

71



72

In our patient, the surgeon had to resect the tumour
through a right posterolateral thoracotomy. Direct visualisa-
tion revealed that the tumour originated from the sympathetic
chain. After the schwannoma and cervical sympathetic chain
were removed, the patient experienced Horner’'s syndrome
postoperatively. Previous studies reported similar neurological
deficit in patients with this kind of tumour.10, 11, 13, 16, 23,
24 Classical Horner’s syndrome is characterised by lesions of
the oculosympathetic pathway at any point between the hy-
pothalamus and eye. It presents as pupillary miosis, ptosis,
enophtalmos and facial anhydrosis. Ptosis is a consequence
of paralysis of Mueller’'s muscle, and it can be corrected by
strengthening the levator aponeurosis or resecting the adja-
cent conjunctiva and muscles.7, 25 Aside from the obvious
aesthetic consequences, Horner’s syndrome does not cause
functional deficits.

Schwannomas of the cervical sympathetic chain are ex-
tremely rare tumours. They are difficult o diagnose preopera-
tively, and clinical diagnosis must be confirmed by microscopic
analysis of resected tumour tissue. Complete surgical excision
is the treatment of choice and recurrence is rare. Since most
schwannomas are benign, long term follow-up is usually not
required.
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in conventional units, too (in parentheses). Generic names
should be used for drugs. Brand names may be inserted in
parentheses.

Authors are advised to retain extra copies of the manu-
script. Serbian Journal of Experimental and Clinical Research
is not responsible for the loss of manuscripts in the mail.

TITLE PAGE

The Title page contains the title, full names of all the aut-
hors, names and full location of the department and institution
where work was performed, abbreviations used, and the na-
me of corresponding author.

The title of the article should be concise but informative,
and include animal species if appropriate. A subtitle could be
added if necessary.

A list of abbreviations used in the paper, if any, should
be included. The abbreviations should be listed alphabetically,
and followed by an explanation of what they stand for. In ge-
neral, the use of abbreviations is discouraged unless they are
essential for improving the readability of the text.

The name, telephone number, fax number, and exact po-
stal address of the author to whom communications and re-
prints should be sent are typed et the end of the title page.

ABSTRACT

An abstract of less than 250 words should concisely state
the objective, findings, and conclusions of the studies descri-
bed in the manuscript. The abstract does not contain abbrevi-
ations, footnotes or references.

Below the abstract, 3 to 8 keywords or short phrases are
provided for indexing purposes. The use of words from Med-
line thesaurus is recommended.

INTRODUCTION

The introduction is concise, and states the reason and spe-
cific purpose of the study.

PATIENTS AND METHODS/MATERIAL
AND METHODS

The selection of patients or experimental animals, inclu-
ding controls, should be described. Patients’ names and ho-
spital numbers are not used.

Methods should be described in sufficient detail to permit
evaluation and duplication of the work by other investigators.

When reporting experiments on human subjects, it should
be indicated whether the procedures followed were in accor-
dance with ethical standards of the Committee on human ex-
perimentation (or Ethics Committee) of the institution in which
they were done and in accordance with the Helsinki Declaration.
Hazardous procedures or chemicals, if used, should be descri-
bed in details, including the safety precautions observed. When

appropriate, a statement should be included verifying that the
care of laboratory animals followed accepted standards.
Statistical methods used should be outlined.

RESULTS

Results should be clear and concise, and include a mini-
mum number of tables and figures necessary for proper pre-
sentation.

DISCUSSION

An exhaustive review of literature is not necessary. The ma-
jor findings should be discussed in relation to other published
work. Attempts should be made to explain differences betwe-
en the results of the present study and those of the others.
The hypothesis and speculative statements should be clearly
identified. The Discussion section should not be a restatement
of results, and new results should not be introduced in the di-
scussion.
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TABLES

Tables should be typed on separate sheets with table num-
bers (Arabic) and title above the table and explanatory notes,
if any, below the table.

FIGURES AND FIGURE LEGENDS

All illustrations (photographs, graphs, diagrams) will be
considered as figures, and numbered consecutively in Arabic
numerals. The number of figures included should be the least
required to convey the message of the paper, and no figure
should duplicate the data presented in the tables or text. Figu-
res should not have titles. Letters, numerals and symbols must
be clear, in proportion to each other, and large enough to
be readable when reduced for publication. Figures should be
submitted as near to their printed size as possible. Figures are
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figures should be given on separate pages.
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should be indicated on the figure or in the figure legend.

Two complete sets of high quality unmounted glossy prints
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illustrations (plates) should bear the first authors last name,
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75



CIP - KaTanorusauuja y nyénvkaumju
HapoaHa 6ubnunoteka Cpbuje, beorpag

61

SERBIAN Journal of Experimental and Clinical Research
editor - in - chief Slobodan
Jankovié. Vol. 9, no. 1 (2008) -
Kragujevac (Svetozara Markovié¢a 69):
Medical faculty, 2008 - (Kragujevac: Medical faculty). - 29 cm

Je nastavak: Medicus (Kragujevac) = ISSN
1450 - 7994
ISSN 1820 - 8665 = Serbian Journal of
Experimental and Clinical Research
COBISS.SR-ID 149695244



P

-
&
Serbian Journal @ @  Clinical Research

2000

THE MEDICAL FACULTY KRAGUJEVAC
Svetozara Markovica 69, 34000 Kragujevac, SERBIA
RO. Box 124
Tel. +381 (0)34 30 68 00 = Tix. +381 (0)34 30 68 00 ext. 112

e-mail: sjecr@medf.kg.ac.rs

www.medf.kg,ac.rs



