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Cryopreservation of Dental Stem Cells

Nela Pilbauerová*, Jakub Suchánek

A B S T R AC T
Nowadays, regenerative and reparative medicine has grown in popularity. Dental stem cells are easily accessible source of adult stem cells. 
They can be harvested by a tooth extraction or spontaneous deciduous tooth exfoliation. They have to be isolated, expanded and stored 
until time they would be needed for individual stem cell therapy. Cryopreservation is both a short-term and long-term storage of tissues or 
cells at sub-zero temperatures. There are several methods of cryopreservation requiring different technologies. The objective of this review 
is to compare them and highlight their advantages and disadvantages.
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INTRODUCTION
Stem cells (SCs) have opened promising future in regener-
ative medicine, because of their two remarkable features 
known as self-renewal and multilineage differentiation. 
Based on the SCs origin, they are classified into Embryonic 
stem cells (ESCs) and Adult (postnatal) stem cells (ASCs). 
The advantages of ASCs are less ethical concerns, low im-
munogenicity and less tumorigenic potency than their 
embryonic counterparts (1). ASCs have been isolated from 
many human tissues so far, such as dermis (2), periph-
eral blood (3), adipose tissues (4), intestine (5), cartilage 
(6) and bone marrow (7). Several types of ASCs have been 
identified in dental related tissues. ASCs reside in special-
ized micro-environment called “niche”, which regulates 
stem cell behavior and maintains a balance between cell 
death and self-renewal (8).

Dental related tissues represent an easily accessible 
source of ASCs. Embryologically, human teeth develop 
from reciprocal interaction between the dental ectoderm 
(oral epithelium) and the neural crest-derived mesen-
chyme (dental mesenchyme) (9). Most of the dental tis-
sues have dental mesenchyme origin – dentin, dental pulp, 
periodontal ligaments, alveolar bone. Enamel is a dental 
ectoderm derivative. Due to their ectomesenchymal ori-
gins, dental stem cells (DSCs) may display characteristics 
of both mesoderm and ectoderm (10).

Up until now, seven different types of DSCs have been 
isolated. They are classified in two major groups, dental 
pulp-related stem cells and periodontium-related stem 
cells. Dental pulp-related stem cells are: Dental Pulp Stem 
Cells (DPSCs) (11); Stem cells from Human Exfoliated De-
ciduous teeth (SHED) (12); and Stem Cells from Apical 
Papilla (SCAP) (13), and Human Natal Dental Pulp Stem 
Cells (NDP-SCs) (14). Periodontium-related are: Peri-
odontal Ligament Stem Cells (PDLSCs) (15), Dental Folli-
cle Progenitor Cells (DFPCs) (16), Gingival Mesenchymal 
Stem Cells (GMSCs) (17). DPSCs were first identified by 
Gronthos et al. in 2000. And 3 years later, in 2003, Miura 
et al. first isolated SHED.

As it has been already mentioned, DSCs are easily ac-
cessible by a tooth extraction among younger individuals 
or when a  primary tooth is exfoliated. However, these 
tooth extractions or spontaneous exfoliations usually oc-
cur in a period of life when there is normally no need for 
a stem cell therapy. Therefore, it is necessary to isolate, ex-
pand and store stem cells until the time when they would 
be required.

PRINCIPLES OF CRYOPRESERVATION

Cryopreservation is a process of sustaining the viability of 
cells and tissues by freezing and storing them at sub-zero 
temperatures, when biochemical reactions do not occur 
(18). DSCs can be subject to an irreversible damage during 
the freezing or thawing process, known as a freezing inju-
ry (19). An exact mechanism is poorly understood, but in 
general, the irreversible changes to the DSCs are explained 
by extracellular and intracellular forming of ice crystals. 
There are two key mechanisms. The first one occurs, when 
DSCs are cooled slowly, and the extracellular ice crystal 

formation causes an osmotic efflux of water from cells. 
This mechanism increases the concentration of intracel-
lular solutes, which can lead to an osmotic damage because 
of the solute toxicity. The other one happens, when DSCs 
are cooled rapidly. Because of that, there is not enough 
time for water to leave the cells and the intracellular for-
mation of ice crystals causes mechanical and structural 
damages to the cells (20).

Other freezing-associated stress is a creation of reac-
tive oxygen species (ROS), which are possible triggers for 
apoptosis (21).

To avoid that, there is a  cryoprotective agent (CPA) 
incorporated into the freezing medium to protect DSCs 
during both the freezing and thawing process. The major 
effects of CPAs are to optimize the cooling rate and to block 
the formation of ice crystals by binding to nuclei and slow-
ing down ice crystals growing (22).

CRYOPRESERVATION OF WHOLE TEETH

Although the main area of interest of short or long-term 
cryopreservation studies of DSCs is the cryostorage of 
dental stem cell lineages after their successful isolation 
and expansion from the dental related tissues, there have 
been several attempts to cryopreserve whole, both decidu-
ous and permanent, intact teeth. Dental stem cell isolation 
and expansion in a  lab environment is expensive, time 
consuming and risky for contamination and spontaneous 
differentiation (23). The hypothesis, why to bank intact 
whole teeth, was to postpone these procedures till later 
time, when DSCs would be actually required. However, 
many limitations remain in this method as well, which 
make its clinical use practically impossible. One of the 
problems is the low percentage of viable DSCs obtained 
from cryopreserved deciduous or permanent teeth after 
the thawing process. Liedemann at al. showed in their 
study that DPSCs were obtained from cryopreserved de-
ciduous teeth only with a 30% culture rate, whereas from 
non-cryopreserved teeth, this rate increases to 61% (23). In 
another research, Woods et al. used permanent immature 
teeth with not fully developed roots and they observed 
only a 20% isolation rate after thawing. For them, 3 out 
of 10 cryopreserved teeth did not contain any stem cells 
showing morphological characteristics of DPSCs or they 
exhibited no cell growth whatsoever. Plus, in post-thawing 
observations the cryopreserved DPSCs had a low prolifer-
ation rate and round-shaped cytoplasm, compared with 
spindle-shaped cytoplasm of non-cryopreserved group 
(23). The low isolation rate might be associated with low 
penetration and diffusion of the CPA into the center of the 
dental pulp and therefore the insufficient protection from 
the ice crystal formation. Because of that, deciduous teeth 
with no visible root resorption or permanent teeth with 
fully developed roots cannot be used. On the other hand, 
root resorption or open root apices provide a way of pene-
tration for the CPA. Yet the proliferation rate remains very 
low, in particular to meet the clinical demands. There was 
also an attempt to modify the freezing protocol by using 
Nd:YAG laser piercing, which makes micro-holes into the 
tooth surface and facilitate penetration of CPA (25). The 
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isolation rate of DPSCs during this novel method was sim-
ilar to the rate of non-cryopreserved DPSCs. However, the 
costs and difficulty were significantly higher. The other 
causes of DPSC damage may be due to the tooth fractures 
that might occur after low temperature exposure during 
freezing process. For now, this method does not show re-
peatable and satisfiable results in DPSC cryopreservation 
and it does not allow its application in therapeutic pur-
poses.

INTERNATIONAL LICENSED DENTAL STEM CELL 
BANKS

According to recently published studies, the cryopreserva-
tion of isolated lineages of DSCs remains the method with 
the most successful cryorecovery results. This conclusion 
is very important in answering the question if cell banks 
should bank whole intact teeth or the isolated stem cell 
populations. Another hypothesis can also be that a mini-
mal manipulation with the pulpal tissues before the freez-
ing might yield better results of post-thawed viable DP-
SCs. Wood et al. disproved this idea; DPSCs digested from 
post-thaw pulp tissue did not proliferate at the same rate 
observed in their fresh counterparts. It took at least twice 
as long (24).

Current number of licensed dental stem cell banks is 
very low. Historically the first one was built in Japan at 
Hiroshima University in 2005 (26). The National tooth 
bank was opened soon after in 2008. Another was open in 
Norway thanks to the collaboration between Norwegian 
Institute of Public Health and the University of Bergen 
(27). There are also commercially licensed tooth banks in 
the UK and the USA.

CRYOPRESERVATION PROCEDURE OF ISOLATED 
POPULATION OF DSCS

When DSCs are intended to use for therapeutic purposes 
the entire cryopreservation thawing protocol must follow 
standards of good manufacturing practice (cGMP).

TOOTH COLLECTION

In general, each vital tooth both deciduous and permanent 
might be a potential source of dental related stem cells. 
However, one of the major problems associated with cryo-
preservation is that the degrading process of dental relat-
ed tissues starts immediately after the tooth is extracted or 
exfoliated. Several previous studies established the maxi-
mum time frame for stem cell isolation to be 120 hours post 
extraction (24, 28). The longer time frame from the tooth 
extraction, the lower post thawing cell recovery efficiency 
is observed (28). A submersion of the tooth into a sterile 
hypotonic phosphate-buffered saline solution while the 
tooth is transported to a  laboratory for DSC harvesting 
and isolation prevents dental tissue necrosis to begin. This 
solution precludes tooth dehydration. Transported teeth 

have to be kept in hypothermic conditions (at 4 °C), which 
is being referred to as a sustention.

A  tooth extraction, as a  future source of DPSCs, is 
a  common surgical procedure, which can be performed 
at any age. Dental pulp tissues from wisdom teeth are the 
most common source of DPSCs among adults. The second 
most common are premolars. In particular, first premolars 
are often extracted during an orthodontic treatment of 
frontal teeth crowding. In general, the efficiency of DPSC 
harvesting and isolation is higher when the permanent 
teeth are immature and they do not have fully developed 
roots. In deciduous teeth, as sources of SHED, vital pulp 
tissues are mainly found in clinical crowns. Their roots 
must not be resorbed more than 1/3 of the original length. 
The grater root resorption might have an negative impact 
on the viability of SHED (29).

Harvested teeth should be washed out in commercial-
ly available bactericidal solutions, e. g. chlorhexidine, to 
minimize the bacterial contamination. It helps to further 
reduce the risk of cross-contamination (24). 

DENTAL PULP STEM CELL ISOLATION AND 
EXPANSION

As soon as a tooth is collected and transported to the labo-
ratory, the dental crown is gently separated from the root 
to open the pulp chamber and harvest the pulp tissue. 
There are several methods how to perform that allowing 
for a minimal damage to the cellular components. First, 
undeveloped roots in permanent teeth or resorbed roots 
in deciduous teeth have largely open apexes (usually more 
than 2 mm). These open roots create a way to obtain pulp 
tissues through them without a necessity of splitting the 
crown from the root. The other approach, if the apical 
foramina are too narrow, is to use special forceps or dia-
mond burs and gently open the pulp chamber in the cervi-
cal third of the tooth, at the enamel – cementum junction. 
Indeed, the possibility of an irreversible damage to pulp 
tissues is higher with this method. Afterwards, the dental 
pulp is gently separated from the pulp chamber and root 
canal walls and minced into small pieces.

In order to isolate DPSCs there are also two approach-
es. DPSCs can be isolated either by an enzymatic digestion 
(ED) method (30, 31) or a  spontaneous outgrowth (OG) 
method (32, 33).

To perform the first method, pulp tissue fragments are 
digested by submerging them into a solution of enzymes 
collagenase type I and dispase, or trypsin enzyme to obtain 
single cell suspension. The second approach, on the other 
hand, is based on a spontaneous stem cell overgrowth from 
minced pulp tissue pieces. Several researchers have tried 
to answer a question which method has better efficiency 
of cell proliferation rate or unchanged morphological and 
phenotypic properties of isolated stem cells. Unfortu-
nately, while some researchers concluded that stem cells 
isolated by OG have lower proliferation rate and weaker 
stem cells marker expression (34), some others concluded 
no differences in those aspects regardless of the isolation 
method used (35). Thus more detailed studies are further 
required to answer this question.
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CRYOPRESERVATION SOLUTION

The high-water content of tissues and cells is one of the 
leading determinants of physical changes during the 
freezing or thawing phase of cryopreservation. During 
sub-zero temperatures formation of ice crystals occurs, 
which can lead to a fatal damage to tissues and cells.

A cryoprotective agent (CPA) is incorporated into the 
cryopreservation medium in order to protect stem cells 
from the ice crystal formation. Major attribute of CPAs 
is determined by their ability to reduce the freezing and 
thawing point and therefore optimize the freezing rate 
(22). Currently used CPAs are divided into two major 
groups. First one are low molecular weight substances, for 
example glycerol, ethylene (propylene) glycol, dimethyl 
sulfoxide (DMSO), which can penetrate a cell cytoplasmic 
membrane, prevent the formation of ice crystal nuclei and 
slow down the ice crystal growth inside cells (36). Con-
trary, the second group includes substances with high mo-
lecular weight, for example, dextran, hydroxyethyl starch 
(HES), polyvinylpyrrolidone and polyvinyl alcohol. They 
remain in the extracellular space and allow for cell dehy-
dration and minimization of the intracellular ice crystal 
formation, and stabilize the cellular membrane (22).

A freezing medium containing DMSO as the CPA has 
been widely used in both in vitro and in vivo, since its high 
efficiency in cell protection was documented. The review 
of recent literature has shown 10% concentration of the 
DMSO as the most effective. However, there are some doc-
umented concerns about its cytotoxicity and related side 
effects such as sickness if it is introduced to patients as 
part of the stem cell therapy (36).

Interestingly, even the knowledge of these side effects 
has not stopped the usage of DMSO as the CPA, because 
there is not such as effective alternative. The theory, how 
to decrease DMSO concentration and the cytotoxic effect 
as well, is its combination with substances with the high 
molecular weight. In some recent studies the combination 
of DMSO and HES has been documented as an effectual 
alternative in stem cell cryopreservation (22, 37).

Another question is the optimal cell concentration for 
cryopreservation to maximize the post-thaw cell viability. 
Woods et al. at indicated that 1.0 – 1.5 × 106 cell (with 10% 
DMSO as the CPA) yielded optimal results (24).

Furthermore, a  xenogeneic serum is the most com-
monly incorporated into the standard used freezing me-
dium. However, the presence of the fetal calf serum/bo-
vine serum is against standards of cGMP, in particular in 
the human stem cell therapy. Therefore, one of the major 
interests of further researchers should be to comprehen-
sively examine the efficiency of the serum-free freezing 
medium that contains the non-toxic CPA in DSC cryopres-
ervation.

FREEZING PROTOCOL

There are several techniques of the freezing protocol. 
However, a choice among those methods depends on re-
sources available and experience of scientists and techni-
cians.

CONTROLLED-RATE FREEZING

The goal of minimizing the potential for stem cell damage 
by dehydration and ice crystal formation during cryo-
preservation led to the introduction of controlled-rate 
freezing methods. The slow freezing rate (SRF), 1–2 °C 
per minute, is generally considered as optimal for main-
taining stem cell viability during cryopreservation (38, 
39). Other method, ultra-slow freezing rate (USFR), is the 
highly controlled rate of 0.3 to 0.6 °C per minute, which 
is more costly (40). Current studies have shown signifi-
cantly higher post-thaw cell growth and viability using 
those methods, in contrast with the rapid freezing meth-
od described below. For instance, Huynh et al. concluded 
that controlled-rate freezing methods resulted in a sig-
nificantly higher number of viable cells, both in 5% and 
10% DMSO (79.7% and 79.0% respectively) compared with 
the rapid freezing method (41). At the same time, Naaldijk 
et al. observed the effect of different freezing rates during 
cryopreservation of rat mesenchymal stem cells and they 
determined, on the other hand, that the rapid freezing 
protocol is no less effective in maintaining post-thaw vi-
ability of MSC compared to the controlled rate freezing 
method. They also showed, that different effect of freez-
ing protocols are only observable 3 days after thawing and 
beyond (37).

In addition, another problematic issue is that these 
methods cannot be scaled up to provide uniformity of 
temperature to all vials during large scale banking. Thus, 
further development in this area is necessary (42).

UNCONTROLLED-RATE FREEZING

The alternative approach of cryopreservation is an uncon-
trolled rate freezing protocol. The CPA and tissue or stem 
cell samples are first precooled to 4 °C and then they are 
directly deposited into the freezer at −80 °C or into liquid 
nitrogen (43). This process is considered to be a simpler, 
cheaper alternative that requires no individual training or 
specific technology. Current research has determined un-
controlled rate freezing to be an efficient method in long-
term cryopreservation of DPSCs (44). It also concluded no 
post-thaw effect on cell viability, multipotency, prolifera-
tion and differentiation. However, the efficiency of uncon-
trolled rate freezing protocol has so far only been studied 
in the presence of 10% DMSO as the CPA.

RAPID FREEZING (VITRIFICATION)

The principle of the rapid freezing protocol is based on the 
formation of an arrested liquid state and a glasslike solid-
ification in presence of a high concentration of the CPA 
(45). This method has been well described in the cryopres-
ervation of human embryonic stem cells, oocytes, sperms, 
which are particularly sensitive to cryoinjuries. For in-
stance, Jadoon et al. concluded that the greater amount of 
vitrified oocytes survived cryopreservation through rapid 
freezing than slowly frozen (SRF) oocytes (70.3% vs. 12.5%) 
in their study in 2015 (46). On the other site, there are very 

ACTA MEDICA 01 2018.indd   4 27.06.18   8:55



Cryopreservation of Dental Stem Cells 5

few published papers concerning the usage of the rapid 
freezing method in cryopreservation of DSCs. Huynh et 
al. compared the post-thaw cell viability and the growth 
rate of DPSCs cryopreserved by controlled-rate freezing 
and rapid freezing method in 5% and 10% DMSO. Regard-
less the percentage of DMSO used, DPSCs cryopreserved 
for 6 months by the latter method did not regrow after 
thawing. In comparison to it, the former method resulted 
in significant higher number of viable cells and the more 
rapid growth rate (47). Unfortunately, this approach also 
seems to be unsuccessful in cryopreservation of whole in-
tact teeth, due to progressive root resorption and the dam-
age of DSCs embedded in the hard dental tissues (48). The 
concept of this technique is to isolate small volume of the 
tissue specimen, which is going to be cryopreserved, and 
to place them on vitrification carriers, such as cryoleaf, 
cryoloop, or ministraw, directly into a liquid nitrogen (49, 
50). It is a very simply technique. Interestingly the possi-
ble toxic effect of the DMSO as the CPA can be minimized 
by rapid freezing rate (51). Unfortunately, just the small 
volume of samples and relatively high volume of liquid ni-
trogen for each vitrification, caries limit this technology to 
scale up for wider clinical use.

MAGNETIC FREEZING

Magnetic cryopreservation is considered to be a controlled 
slow-rate freezing technique. Programed freezers are sup-
plied with a magnetic field of 0.01 mT and they cool at the 
rate of 0.5 °C/min until the temperature reaches −32 °C 
(52). Afterwards, the cryopreserved samples are stored in 
a −150 °C freezer. The magnetic field has been proven to 
lower water aggregation during freezing. This is advanta-
geous as formation of ice crystals as well as a generation of 
unwanted weak electric current are both reduced. There-
fore, the electric current cannot disrupt cell membranes, 
which allows for a better protection of cells during freez-
ing (53). It has been published so far that this technique 
can be effective in the cryopreservation of both, whole 
intact teeth as well as isolated DPSCs. Lee SY, Sun CH, Kuo 
TF et al. observed the effect of the magnetic cryopreserva-
tion on intact rat teeth and pulpal tissues in the presence 
of different concentration of the DMSO as the CPA. Still, 
they observed a problematic penetration of the CPA into 
the coronal part of the pulp tissue while cryopreserving 
intact teeth, however, a better penetration to the root por-
tion of the teeth has been seen. At the end, they conclud-
ed that the magnetic cryopreservation is still an effective 
method for intact tooth and pulp tissue banking compared 
to the others. It requires lower concentration of DMSO and 
shorter pre-equilibration time. Finally, it allows higher bi-
ological activity of the recovered DPSCs from post-thawed 
tooth and pulp tissue (53). DPSCs isolated from the mag-
netic cryopreservation contained 73% of viable cells (54). 
Additionally, this method also revealed successful results 
for cryopreservation of DPSCs in presence of 3% DMSO 
and a serum-free cryopreservation medium (SFM). This 
seems very promising for good manufacturing practice 
(cGMP) and therefore for further application in human 
regenerative medicine (52).

OPTIMAL STORAGE TEMPERATURE

The viability of post-thawed DPSCs, stored for 1 week, 1 
month or 6 months at either −85 °C or −196 °C, was ≥ 90% 
for all storage lengths and both temperatures. No varia-
tions in the doubling time or in the differential potential 
were significant statistically (24).

CELL THAWING

There have been very few research papers concerning the 
optimal thawing method or the thawing temperature. The 
most widespread standard procedure, that has been uti-
lized so far, is a 37 °C water bath. It has been proven that 
this technique removes ice crystals efficiently and the po-
tential cell damage is minimal (28, 55). On the other hand, 
water environment brings a high risk for bacterial or fun-
gicidal contamination. Other method, that has been stud-
ied up to now, is the application of dry heat. These studies 
identified that samples thawed using dry heat had similar 
viabilities and clonogenic potential to those thawed using 
the standard water procedure (56, 57). The different thaw-
ing temperature (0, 20 and 37 °C for 20 min) did not un-
cover any statistically significant changes on post-thawed 
cells (58). However, this is only a one study and this area 
ought to be examined more comprehensively before a gen-
erally valid conclusion can be drawn.

In any case, The CPA should be washed out from cryovi-
als after thawing due to its cytotoxic effect, DMSO in par-
ticular. This approach has been standardized in thawing of 
cells of bone marrow and peripheral blood. The problem-
atic step of the CPA removal is that cells first shrink and 
then swell, which may cause their damage as well. Because 
of it a stepwise removal of the CPA, using graded isotonic 
solutions, is recommended. However, recently published 
studies concerning cryopreservation and thawing of  
DPSCs incorporated either the stepwise removal of the 
CPA or no rinsing steps at all.

CONCLUSION

Over the recent years, reparative and regenerative medi-
cine has been grown in popularity. DSCs represent a rel-
atively simple to obtain sources of adult stem cells with 
minimal harm to the donor individuals. Both, cryopre-
served intact tooth or DSCs, can be further use in individ-
ual regenerative cell and tissue therapy. As such, the most 
optimized cryopreservation protocol for both has to be es-
tablished. However, the question what optimal is remains 
to be addressed. What is the optimal concentration of the 
CPA? Is there any non-toxic CPA or serum-free freezing 
medium, which has no cytotoxic effect and yields efficient 
results for the post-thaw cell viability? What is the optimal 
cryopreservation method with successful results, but is 
not overly costly and does not require specific technology? 
Among other questions there is an area of the long-term 
cryopreservation (>10 years) and its negative effects on 
cryopreserved tissues and cells. It is clear, that an optimal 
cryopreservation protocol remains to be a relatively un-
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explored field with lots of questions and less answers and 
further comprehensive research is required before valid 
conclusions can be drawn.
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14. Karaöz E, Doğan BN, Aksoy A et al. Isolation and in vitro characteri-
sation of dental pulp stem cells from natal teeth. Histochem Cell Biol 
2010; 133(1): 95–112.

15. Seo BM, Miura M, Gronthos S  et al. Investigation of multipotent 
postnatal stem cells from human periodontal ligament. Lancet 2004; 
364(9429): 149–55.

16. Morsczeck C, Götz W, Schierholz J et al. Isolation of precursor cells 
(PCs) from human dental follicle of wisdom teeth. Matrix Biol 2005; 
24(2): 155–65.

17. Zhang Q, Shi S, Liu Y et al. Mesenchymal stem cells derived from 
human gingiva are capable of immunomodulatory functions and 
ameliorate inflammation-related tissue destruction in experimental 
colitis. J Immunol 2009; 183(12): 7787–98.

18. Mullen F, Critser JK. The science of cryobiology. Cancer Treat Res 
2007; 138: 83–109.

19. Zhurova M, Woods EJ, Acker JP. Intracellular ice formation in conflu-
ent monolayers of human dental stem cells and membrane damage. 
Cryobiology 2001; 61: 133–41.

20. Mazur P, Leibo SP, Chu EH. A two-factor hypothesis of freezing inju-
ry. Evidence from Chinese hamster tissue-culture cells. Exp. Cell Res 
1972; 71(2): 345–55.

21. Mazzilli F, Rossi T, Sabatini L et al. Human sperm cryopreservation 
and reactive oxygen species (ROS) production. Acta Eur Fertil 1995; 
26(4): 145–8.

22. Stolzing A, Naaldijk Y, Fedorova V, Sethe S. Hydroxyethylstarch in 
cryopreservation  – Mechanisms, benefits and problems  – review. 
Transfusion and Apheresis Science 2012; 46: 137–47.

23. Lindemann D, Werle SB, Steffens D. Effects of Cryopreservation on 
the characteristics of Dental Pulp Stem Cells of Intact Deciduous 
teeth. Archives of oral biology 2014; 59: 970–76.

24. Woods J, Perry BC, Hockema JJ et al. Optimized Cryopreservation 
Method for Human Dental Pulp-Derived Stem Cells and Their Tis-
sues of Origin for Banking and Clinical Use. Cryobiology 2009; 59(2): 
150–7.

25. Gioventiu S, Andiolo G, Bonino F et al. A Novel Method for Banking 
Dental Pulp Stem Cells. Transfusion and Apheresis Science 2012; 47: 
199–206.

26. Abedini S, Kaku M, Kawata T et al. Effects of cryopreservation with 

a newly-developed magnetic field programmed freezer on periodon-
tal ligament cells and pulp tissues. Cryobiology 2001; 62(3): 181–7.

27. Tvinnereim HM, Lygre GB, Haug K et al. A biobank of primary teeth 
within the Norwegian mother and child cohort study (MoBa) per 
2014: a resource for the future. Norsk Epidemiologi 2014; 24(1–2): 
135–40.

28. Perry BC, Zhou D, Wu X, et al. Collection, cryopreservation, and 
characterization of human dental pulp-derived mesenchymal stem 
cells for banking and clinical use. Tissue Eng C Methods 2008; 14(2): 
149–56.

29. Bernardi L, Luisi SB, Fernandes R et al. The isolation of stem cells 
from human deciduous teeth pulp is related to the physiological pro-
cess of resorption. J Endod 2011; 37(7): 973–9.

30. Gronthos S, Mankani M, Brahim J et al. Postnatal human dental pulp 
stem cells (DPSCs) in vitro and in vivo. Proc Natl Acad Sci USA 2000; 
97(25): 13625–30.

31. Suchanek J, Soukup T, Ivanakova R et al. Human dental pulp stem 
cells–isolation and long term cultivation. Acta Medica 2007; 50(3): 
195–201.

32. Park SH, Hsiao GY, Huang GT. Role of substance P and calcitonin 
gene-related peptide in the regulation of interleukin-8 and mono-
cyte chemotactic protein-1 expression in human dental pulp. Int 
Endod J 2004; 37(3): 185–92.

33. Spath L, Rotilio V, Alessandrini M et al. Explant-derived human den-
tal pulp stem cells enhance differentiation and proliferation poten-
tials. J Cell Mol Med 2010; 14(6B): 1635–44.

34. Karamzadeh R, Eslaminejad MB, Aflatoonian R. Isolation, character-
ization and comparative differentiation of human dental pulp stem 
cells derived from permanent teeth by using two different methods. 
J Vis Exp 2012; 69: 4372.

35. Hilkens P, Gervois P, Fanton Y et al. Effect of isolation methodology 
on stem cell properties and multilineage differentiation potential of 
human dental pulp stem cells. Cell Tissue Res 2013; 353(1): 65–78.

36. Zambelli A, Poggi D, Da Prada G et al. Clinical toxicity of cryopre-
served circulating progenitor cells infusion. Anticancer Res 1998; 
18(6B): 4705–8.

37. Naaldijk Y, Staude M, Fedorova V et al. Effect of different freezing 
rates during cryopreservation of rat mesenchymal stem cells using 
combinations of hydroxyethyl starch and dimethylsulfoxide. BMC 
Biotechnol 2012; 12: 49.

38. Kawasaki N, Hamamoto Y, Nakajima T et al. Periodontal regenera-
tion of transplanted rat molars after cryopreservation. Arch Oral Biol 
2004; 49(1): 59–69.

39. Thirumala S, Zvonic S, Floyd E et al. Effect of various freezing param-
eters on the immediate post-thaw membrane integrity of adipose tis-
sue derived adult stem cells. Biotechnol Prog 2005; 21(5): 1511–24.

40. Ha SY, Jee BC, Suh CS et al. Cryopreservation of human embryonic 
stem cells without the use of a programmable freezer. Hum Reprod 
2005; 20(7): 1779–85.

41. Huynh NC-N, Le SH. Doan VN, Ngo LTQ, Tran HLB. Simplified con-
ditions for storing and cryopreservation of dental pulp stem cells. 
Archives of Oral Biology 2013; 84: 74–81.

42. Thirumala S, Goebel WS, Woods EJ. Manufacturing and banking of 
mesenchymal stem cells. Expert Opin Biol Ther 2013; 13: 673–91.

43. Davies OG, Smith AJ, Cooper PR et al. The effects of cryopreservation 
on cells isolated from adipose, bone marrow and dental pulp tissues. 
Cryobiology 2014; 69(2): 342–7.

44. Kumar A, Bhattacharyya S, Rattan V. Effect of uncontrolled freezing 
on biological characteristics of human dental pulp stem cells. Cell 
Tissue Bank 2015; 16(4): 513–22.

45. Li T, Mai Q, Gao J et al. Cryopreservation of human embryonic stem 
cells with a new bulk vitrification method. Biol Reprod 2010; 82(5): 
848–53.

46. Jadoon S, Adeel M. Cryopreservation of oocytes. J Ayub Med Coll Ab-
bottabad 2015; 27(1): 22–8.

47. Huynh NC, Le SH, Doan VN, Ngo LTQ, Tran HLB. Simplified condi-
tions for storing and cryopreservation of dental pulp stem cells. Arch 
Oral Biol. 2017 Dec; 84: 74–81.

48. Kawasaki N, Hamamoto Y, Nakajima T et al. Periodontal regenera-
tion of transplanted rat molars after cryopreservation. Arch Oral Biol 
2004; 49(1): 59–69.

49. Chian RC, Gilbert L, Huang JY et al. Live birth after vitrification of in 
vitro matured human oocytes. Fertil Steril 2009; 91: 372–6.

50. Liebermann J, Tucker MJ. Effect of carrier system on the yield of hu-
man oocytes and embryos as assessed by survival and developmental 
potential after vitrification. Reproduction 2002; 124: 483–9.

51. Kuleshova LL, Lopata A.Vitrification can be more favourable than 
slow cooling. Fertil Steril 2002; 78(3): 449–54.

52. Lee SY, Huang GW, Shiung JN et al. Magnetic cryopreservation for 
dental pulp stem cells. Cells Tissues Organs 2002; 196: 23-33.

ACTA MEDICA 01 2018.indd   6 27.06.18   8:55



Cryopreservation of Dental Stem Cells 7

53. Lee SY, Sun CH, Kuo TF et al. Determination of cryoprotectant for 
magnetic cryopreservation of dental pulp tissue. Tissue Eng Part C 
Methods 2012; 18(6): 397–440.

54. Lee SY, Chiang PC, Tsai YH et al. Effects of cryopreservation of in-
tact teeth on the isolated dental pulp stem cells. J Endod 2010; 36(8): 
1336–40.

55. Katayama Y, Yano T, Bessho A et al. The effects of a simplified meth-
od for cryopreservation and thawing procedures on peripheral blood 
stem cells. Bone Marrow Transplant 1997; 19(3): 283–7.

56. Röllig C, Babatz J, Wagner I et al. Thawing of cryopreserved mobilized 
peripheral blood—comparison between waterbath and dry warming 
device. Cytotherapy 2002; 4(6): 551–5.

57. Triana E, Ortega S, Azgueta C et al. Thawing of cryopreserved hema-
topoietic progenitor cells from apheresis with a new dry-warming 
device. Transfusion 2013; 53(1): 85–90

58. Yang H, Acker JP, Hannon J et al. Damage and protection of UC blood 
cells during cryopreservation. Cytotherapy 2001; 3(5): 377–386.

ACTA MEDICA 01 2018.indd   7 27.06.18   8:55



8 original article

Exhaled Breath Condensate:  
Pilot Study of the Method  
and Initial Experience in Healthy Subjects
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A B S T R AC T
Analysis of Exhaled breath condensate (EBC) is a re-discovered approach to monitoring the course of the disease and reduce invasive 
methods of patient investigation. However, the major disadvantage and shortcoming of the EBC is lack of reliable and reproducible 
standardization of the method. Despite many articles published on EBC, until now there is no clear consensus on whether the analysis 
of EBC can provide a clue to diagnosis of the diseases. The purpose of this paper is to investigate our own method, to search for possible 
standardization and to obtain our own initial experience. Thirty healthy volunteers provided the EBC, in which we monitored the density, 
pH, protein, chloride and urea concentration. Our results show that EBC pH is influenced by smoking, and urea concentrations are affected 
by the gender of subjects. Age of subjects does not play a role. The smallest coefficient of variation between individual volunteers is for 
density determination. Current limitations of EBC measurements are the low concentration of many biomarkers. Standardization needs to 
be specific for each individual biomarker, with focusing on optimal condensate collection. EBC analysis has a potential become diagnostic 
test, not only for lung diseases.
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INTRODUCTION

Exhaled breath condensate (EBC) is a biological fluid that 
consists mainly of water, but it also contains small droplets 
of airway lining fluid (36). Condensate carries molecules 
<65 kDa (25). EBC contains both, volatile and non-volatile 
compounds (35). Adenosine, ammonia, hydrogen perox-
ide, isoprostanes, leukotrienes, nitrogen oxides, peptides, 
cytokines belong to the compounds detected in EBC (42). 
In the clinical setting, non-volatile components, such as 
cytokines, are used for diagnostics and for monitoring of 
disease progression (87, 61, 27).

First reports on the EBC collection were published 
in early 1980s.The report on the EBC collection from the 
1990s shows that the condensate was obtained by passing 
expired gas through tubing submerged in an ice-water 
bath (7). The first EBC studies documented, that the ex-
haled breath condensate test is simple, non-invasive and 
easy to perform. Homemade and commercially manu-
factured condensers are available today. Various home-
made devices have been described, for example a Teflon 
or a Polypropylen tube, dipped in a bucket filled with ice, 
a double glass layer container or a device, where exhaled 
air condensation takes place between the two layers (70, 
83, 102). Commercially manufactured condensers are also 
available, for example EcoScreen, Turbodeccs, ANACON or 
RTube (90, 26, 85, 14).

Nowadays, there is an incrased interest in non-inva-
sive diagnostics and investigation. Collection of EBC fulfils 
requirements of a non-invasive, repeatable test and thus 
applicable in the pediatric population (20, 88, 100) and in 
adult patients, especially in those, who have to control pa-
rameters daily. EBC has the potential to become a routine 
method used for diagnostics, mainly for lung diseases such 
as bronchial asthma (98, 33, 92, 16, 74), cystic fibrosis (101), 
idiopathic pulmonary fibrosis (82), bronchiectasia (64), 
tuberculosis (69), lung carcinoma (2, 46), acute lung injury 
and acute respiratory distress syndrome (19), chronic ob-
structive pulmonary disease (59), scleroderma with pul-
monary involvement (38, 67), sleep apnea syndrome (18, 
89), silicosis (77, 60) and other occupational lung diseases 
(24, 76, 75, 80, 92). Recently, EBC has been used in moni-
toring gastrointestinal diseases, such as gastroesophageal 
reflux disease (91, 81, 39, 58), inflammatory bowel disease 
(56, 52, 44), coeliac disease (5, 43). Other studies were car-
ried out to monitor systemic sclerosis (28, 93), liver dis-
eases (6), abdominal surgery (66, 84, 65), obese population 
(13), impacts of oxidative stress (78, 94, 63) or for toxicity 
screening (34, 79, 57).

If the breath is captured and analyzed correctly, it can 
be used to provide information of the current health status 
with a potential to predict future outcomes progression of 
the disease (50). Nowadays, the PubMed (at https://www 
.ncbi.nlm.nih.gov/pubmed) registers more than 1,300 sci-
entific papers on EBC. However, several methodological 
issues, including standardization of EBC technique and 
validation of analytical methods, need to be addressed be-
fore this approach can be considered and taken into real 
practice. EBC composition may be influenced the time of 
exhalation, condenser temperature, use of nose clips, tem-
perature and duration of condensate storage, saliva con-

tamination, smoking, eating, drinking of coffee may influ-
ence composition of EBC. The American Thoracic Society 
and European Respiratory Society developed guidelines 
for EBC collection and measurement of exhaled biomark-
ers, to suggest recommendations on the possible use and 
limits of exhaled biomarkers and to highlight those areas 
where further research is required (42).

Nevertheless, the major disadvantage and shortcoming 
of the EBC is lack of reliable and reproducible standard-
ization of the method (37, 70, 54).

The aim of this study was to introduce our own meth-
od, to search for possible standardization and to obtain our 
own initial experience in healthy volunteers.

METHODS

SUBJECTS
Thirty healthy volunteers between 25–69 years of age were 
included in the study. The volunteers were the staff of the 
Faculty Hospital and the Faculty of Medicine of the Charles 
University in Hradec Králové. The exclusion criteria were 
the history of chronic lung disease or other serious chron-
ic illness or respiratory infection within 2 weeks preced-
ing the study. The group contained 14 smokers and 16 
non-smokers. The project was carried out according to the 
Declaration of Helsinki, and was approved by the Ethics 
Committee (201706S11P) of the University Hospital in Hra-
dec Králové. All participants signed an informed consent.

CONDENSATION OF EXHALED BREATH
The condenser EcoScreen (Jaeger, Hoechberg, Germany) is 
a system in which a mouthpiece with a one-way valve and 
a refrigerated collecting system are connected to a power 
supply by an extendable arm. Due to the function of the 
valve (which is connected to the mouthpiece), inspirato-
ry and expiratory air are separated. The collecting system 
is connected to the valve block and is placed in a cooling 
thermoblock. During exhalation, air flows through the 
lamellar condenser, becomes liquid, and drops into the 
collecting vial.

All parts of the collection kit were rinsed with ethanol 
and deionised water and were air dried before each use. 
The subjects rinsed their mouth with infant water (Cl− < 
5 mg/L) with a defined composition.The subject did not 
smoke, did not eat and did not drink coffee or sweet lem-
onade at least one hour before sampling. The subjects were 
not exposed to increased physical activity for at least 30 
minutes before sampling. The sampling occurred between 
8:00 and 11:00 a.m. The ECoScreen was cooled to −10 °C, 
based on the information provided by the manufacturers. 
EBC was collected during 10 minutes of exhalation. After 
10 minutes of quiet breathing, 1–3 mL of EBC were collect-
ed from adult individuals. Volume of EBC is proportional 
to the total exhaled volume and breathing frequency. EBC 
samples were immediately transferred to polypropylene 
tubes and were frozen at −80 °C.

In order to examine repeatability of the measurements 
over a moderate period of time, the collection of EBC was 
repeated after two weeks.
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DENSITY DETERMINATION
Total amount of 500 μL of EBC was transferred by a val-
idated pipette to a polypropylene tube of defined weight. 
Thereafter, the condensate tube was weighed on Sartorius 
analytical balances (Germany). Accuracy of measurement 
was at 0.01 mg and was repeated three times. The measure-
ment was run at 25 °C.

PROTEIN DETERMINATION
Protein content was determined with a diagnostic reagent 
for quantitative in vitro determination of Bio-La-Test Total 
Protein kit (Erba Lachema, Czech Republic). Named values 
were verified by determination Bicinchoninic Acid Protein 
Assay Kit (Sigma-Aldrich). The measurement was run at 
37 °C and was repeated three times.

UREA DETERMINATION:
Urea content was determined with a diagnostic reagent for 
quantitative in vitro determination of Bio-La-Test Urea kit 
(Erba Lachema, Czech Republic). The measurement was 
run at 37 °C and was repeated three times.

CHLORIDE DETERMINATION
Chloride content was determined with a  Ion-selective 
chloride electrode (Fisher Scientific, Czech Republic). The 
measurement was run at 25 °C and was repeated three 
times.

PH DETERMINATION
All samples were deaerated in an ultrasonic bath. pH were 
determined with a pH electrode (Fisher Scientific, Czech 
Republic). The measurement was run at 25 °C and was re-
peated three times.

STATISTIC ANALYSIS
Results had normal distribution and therefore are pre-
sented as mean ± SD or median (interquartile range). Data 

obtained were tested statistically by means of non-paired 
t-test. All statistics was performed using SigmaStat soft-
ware (Jandel Scientific, Eckhardt, Germany, Version 3.1).

RESULTS

SUBJECTS
Thirty healthy volunteers, 24 females and 6 males, were 
included in the study. The mean age of the female and male 
subjects was comparable (40.4 years, range: 25–58 and 
39.7 years, range: 28–69, P = 0.93). The group included 14 
smokers and 16 non-smokers. The proportions of smokers 
among females and males were 10/24 (42%) and 4/6 (67%), 
respectively (P = 0.38). The mean age of non-smokers and 
smokers did not differ (40.8 years, range: 25–58 vs. 39.6 
years, range: 25–69, P = 0.93).

TWO-WEAK REPEATABILITY OF EBC MEASUREMENTS
The repeated measures analysis of variance was used to 
calculate the average intra-individual and inter-individ-
ual coefficients of variation of duplicate measurements 
performed two weeks apart as well as the intraclass 
correlation coefficient (Table 1). The mean intra-indi-
vidual variabilities are considerable for the concentra-
tion of total protein, chloride and urea. On the contrary, 
the measurements of density and pH shows the lowest 
%CVintra. The intraclass correlation coefficient was good 
for pH (ICC = 0.81) and moderate for urea measurement 
(ICC = 0.52), whereas its negative values indicated that 
the test-retest variability (%CVintra) of density and total 
protein was higher than the interindividual variability 
(%CVinter) (Table 1). The repeatability of EBC pH and urea 
measurements is visualized with the help of Bland-Alt-
man plots in Figure 1.

DENSITY
Density of EBC sample was 1007.2 ± 4.7 g/L (Table 1). Den-
sity of EBC was not dependent on smoking, gender or age 
of subjects. There was no statistically significant differ-

Tab. 1 Descriptive statistic of measured analytes and physical quantity.

Density pH Total Protein Chlorides Urea
(g/L) (µg/mL) (mmol/L) (µmol/L)

Mean ± SD 1007 ± 4.7 6.8 ± 0.8 1.6 ± 1.2 3.1 ± 1.8 199 ± 156
SD/Mean (%) 0.5 11.5 74.8 58.0 77.2
Median 1007 7.0 1.3 3.4 173
IQR 1004–1010 6.1–7.4 0.7–2.4 1.2–4.6 83.9–291
Range 996–1016 5.5–8.1 0.1–4.5 0.4–6.2 1.0–610
CVintra (%) 1.5 5.3 61.2 57.7 61.3
CVinter (%) 1.2 12.0 52.0 62.4 88.6
ICC −0.06 0.81 −0.19 0.20 0.52

The descriptive statistics of measured analytes and physical quantity were calculated from the results of second measurements; SD – standard deviation, 
IQR – interquartile range. The CVintra (%) and CVinter (%) reffer to the mean intra-individual and inter-individual coefficients of variation of duplicate 
measurements performed two weeks apart; ICC – intraclass correlation coefficient of repeated measurements.
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ence between non-smokers and smokers, between females 
and males and between age groups (Table 3). There were 
no significant relationships between density and other in-
vestigated parameters (Table 2).

PH
EBC pH was 6.8 ± 0.8 (Table 1). pH was dependent on 
smoking (Figure 2). EBC pH in smokers was lower than 
in non-smokers. Gender and age of subjects did not influ-
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Fig. 1 The repeatability of EBC pH and urea measurements between visits 1 and 2 separated by two weeks. Bland Altman difference vs. 
average plots with the mean difference and 95% limits of agreement visualized as the broken lines.

Tab. 2 Pearson Product Moment Correlation between variables of interest.

Age Density Chlorides pH TP Urea
Age r2 x 0.12 0.12 0.10 −0.05 −0.02

P x 0.52 0.54 0.58 0.78 0.80
Density r2 – x 0.07 −0.19 0.11 0.05

P – x 0.73 0.31 0.55 0.41
Cl- r2 – – x 0.16 −0.18 −0.22

P – – x 0.40 0.36 0.25
pH r2 – – – x −0.33 0.013

P – – – x 0.08 0.95
TP r2 – – – – x 0.013

P – – – – x 0.95

Coefficients of determination and two-tailed P-values are listed. The existence of correlation was not proved between any of the pairs of variables (P > 0.05).

Tab. 3 Univariate analyses of the effects of smoking, age and gender on measured analytes and physical quantity.

Density pH Total Protein Chlorides Urea
(g/L) (µg/mL) (mmol/L) (µmol/L)

Smokers, N = 14 1008 ± 3.4 6.2± 0.5 1.6 ± 1.5 2.8 ± 2.0 229 ± 178
Nonsmokers, N = 16 1006 ± 5.7 7.4 ± 0.5 1.9 ± 1.2 3.4 ± 1.7 172 ± 134
P 0.32 < 0.001 0.13 0.41 0.33
Younger (25–40 yr), N = 14 1008 ± 4.9 6.9 ± 0.8 1.6 ± 1.5 3.2 ± 2.1 227 ± 181
Older (41–70 yr), N = 16 1007 ± 4.8 7.0 ± 0.8 1.3 ± 1.2 3.0 ± 1.7 174 ± 131
P 0.60 0.37 0.82 0.79 0.36
Women, N = 24 1007 ± 5.0 6.9 ± 0.8 1.5 ± 0.9 3.1 ± 1.9 164 ± 125
Men, N = 6 1009 ± 2.8 6.5 ± 0.7 2.1 ± 2.1 3.2 ± 1.7 336 ± 201
P 0.19 0.25 0.26 0.95 < 0.02
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ence pH values (Table 3). There were no significant rela-
tionships between pH and other investigated parameters 
or physical quantity (Table 2).

TOTAL PROTEIN
Total protein concentration were 1.6 ± 1.2 µg/mL (Table 1). 
Our results show that total protein level is not dependent 
on smoking, gender and age of subjects. There were no 
statistically significant differences between non-smokers 
and smokers, between females and males and between age 
groups (Table 3). There were no significant relationships 
between total protein levels and other investigated param-
eters (Table 2).

CHLORIDE
Chloride ion concentration in EBC samples was 3.1 ± 
1.8 mmol/L (Table 1). Chloride content was not dependent 
on smoking, gender and age of subjects. There were no 
statistically significant differences between non-smokers 
and smokers, females and males and between age groups 
(Table 3). There were no significant relationships between 
chloride ion levels and other investigated parameters  
(Table 2).

UREA
Urea concentration was 199 ± 156 µmol/L (Table 1). Urea lev-
els were dependent on gender (Figure 3). Urea concentra-
tion in females was lower than in males. Smoking and age 
do not have any impact on urea levels (Table 3). There were 
no significant relationships between urea levels and oth-
er investigated parameters or physical quantity (Table 2).

DISCUSSION 

First attempts on breath diagnostics go back to Hippo-
crates who described foetor ex ore and foetor hepaticus 
in his treatise on breath smell analysis. The modern era 
of breath testing was initiated in 1971, when Pauling ana-
lyzed volatile organic compounds from breath trapped in 

a  cooled stainless steel tube and found out that normal 
human breath contains more than 250 different volatile 
organic compounds (73, 54). At present, breath analysis is 
divided into two main directions. The first area of breath 
analysis deals with the detection of volatile organic com-
pounds. The second areas looks into the aqueous part of 
breath, which contains mainly non-volatile compounds 
and water soluble volatiles. There is a lot of studies with 
both exhaled air analysis and/or, EBC (8, 72).
EBC represents one of the most accessible biological ma-
terials, which can be obtained by a non-invasive way. Yet, 
lack of reliable and reproducible standardization of the 
method is the major problem at present. Despite multiple 
articles having been published on EBC, there is no clear 
consensus at present on whether the analysis of EBC can 
provide a definite diagnosis of the diseases. There seems to 
be a high risk of pre-analytical and analytical errors and 
based on this, interpretation of EBC biomarkers should be 
taken with a lot of precaution.
There are are numerous possible source of pre-analytical 
errors can be miscellaneous. Collection devices are an im-
portant source of variability of EBC biomarkers (86, 40, 
21). The other principal factors of variability include cool-
ing temperature (26) and condenser materials (86). Diet, 
smoking, medication and physical activity influenced EBC 
results (55, 15, 10, 9). Use of a nose clip is another unsolved 
question. When using a nose clip, the subject is forced to 
exhale only through the mouth, preventing thus acciden-
tal exhalation through the nose. Yet, the use of a nose clip 
may affect composition of EBC (95). Currently, there are 
devices developed by Loccioni Gruppa Humancare (Angeli 
di Rosora, Italy) which help to assess collection parame-
ters, when the EBC is being obtained from human individ-
uals. These devices provide continuous visual feedback to 
the subjects to control breathing patterns (99).

The method of determination may be the source of 
variability in the analytical phase. EBC can be analysed 
for example by ionex chromatography (47), plasma mass 
spectrometry (1), Liquid chromatography–mass spectrom-
etry (48) or Polymerase chain reaction (62). We decided to 
use colorimetric assays and ion-selective electrodes in our 
study. The possible sources of variability errors are given 
for the relevant analytes and physical quantities.
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The aim of our current study was to search for markers 
that could serve as a standard that several markers could 
be related to. Investigated the following parameters: den-
sity density, pH, total protein level, chloride level and urea 
level. Some authors suggested that data normalization to 
the internal control is not necessary, because the levels 
of analytes during the disease increase many times (17, 
23). Carter and colleagues have different view on normal-
ization. Their study showed that standardization should 
be specific for each biomarker, as a more general model 
would not optimize collection of all compounds (21).

Our results showed that the density of EBC could be 
used for standardization. Density meets the requirements 
in the sense, that it reaches almost the same value across 
the across the different EBC samples as well as a  good 
test-retest reproducibility of the result. It is not influ-
enced by smoking, gender or age of subjects. Condensed 
water vapour enriched with trace amounts of volatile 
and non-volatile components is the major component 
of the EBC (99, 3). Therefore, the EBC density is close to 
1 g/mL and the other dissolved minor components do not 
change the density. The larger content of dissolved vola-
tiles compounds such as ammonia (53) or air trapping in 
the sample would decrease density. Thus, density could 
help to compensate for the influence of such factors dur-
ing sampling but it will unlikely fulfill all expectations 
for an internal standard. Namely, density is unrelated to 
the efficiency of the transfer of a particular molecule/ion 
into exhaled air and, to the completeness of its trapping 
during cooling.

The interpretation of EBC pH values is complex. EBC 
pH reflects acidity of the airway lining fluid. However, 
its value is from a part affected by volatile airway acids 
(CO2) and bases (NH3) which show a variable content upon 
standing of the EBC sample. The attempts to eliminate CO2 
as a confounding factor included either its removal from 
the sample by deaeration using an inert gas or saturation 
of the sample with CO2 to a stable pH (41). In our study, 
we used deaeration using ultrasonic baths that secures 
that CO2 was removed. Vaughan et al were able to docu-
ment that EBC pH reflects lung homeostasis. The pH of the 
airway in health has been reported to be slightly alkaline 
while acidification of EBC occurs during disease states 
(96). The pH also depends on temperature of sampling and 
volume of NH4

+. EBC collected at −70 °C were more acidic 
than those collected at −20 °C (26) We assume that we elim-
inated this variability by using Ecosreen and followed the 
same conditions in all sampling. The literature shows that 
pH is influenced by diet (55). Ćalušić et al showed that con-
suming a standardized meal constituting 101.3 g of water, 
34 g of protein, 11.2 g of fat, and 47.3 g of saccharides has 
no effect on pH (15). Hunt et al. found EBC pH decreased 
significantly after 50 ml sweet limonade and returned to 
baseline after 15 min (Hunt et al. 2006). We have elimi-
nated the effect of food and beverages by avoiding least 
one hours before the sampling. The subjects were also not 
exposed to increased physical activity for at least 30 min-
utes before sampling. Bikov et al. found that following ex-
ercise EBC pH decreased in exercise‐induced bronchocon-
striction positive group although in healthy subjects this 

decline was not demonstrated (11). Thus, amount of NH4
+ 

found in the EBC reflects the contamination with salivary 
NH3, some of which is derived from bacterial degradation 
of urea (29). Volume NH4

+ can be reduced by washing the 
mouth with infant water.

Smoking is another factor which influences pH. Ac-
cording to several studies, EBC pH may be lower in smok-
ers compared to non-smokers (4, 51, 40). We confirmed 
this, too. The measurement of pH with a glass electrode 
is technically simple. The intraclass correlation coefficient 
of EBC pH was the highest of all analytes examined in this 
study. However, the influence of general factors on the EBC 
pH including the unstable content of volatile acids/bas-
es, hydration of the airways, smoking, exercise-induced 
bronchoconstriction etc., precludes its use for standardi-
zation of the EBC measurements.

We also revealed, that there was a substatial variabili-
ty in total protein concentration among investigated sub-
jects. Our results are consistent with a study by Bloemen 
et al. Their study showed that total protein concentration 
of EBC differed significantly between healthy individuals. 
Unlike we did, she showed a correlation between the age 
of subjects and total protein concentration (12). The vari-
ability in total protein values might be caused by protease 
activity (49). The addition of protease inhibitors may fur-
ther prevent degradation of proteins, however, protease 
inhibitors can interfere with protein analysis. EBC storage 
also plays its role. Storage in polyethylene tubes minimiz-
es protein adhesion. (22). Elevated inflammatory markers 
in respiratory disease increase total protein levels in EBC 
(68). Type of material of the inner part of the condensers 
may also play its role. Ecosreen had greater albumin reten-
tion compared to glass or Teflon coatings (86).

Our results showed that chlorides are not suitable 
for standardization. This observation is consistent with 
the hypothesis that EBC chloride correlates with plasma 
chloride levels (30). Physical exercise can alter ion regu-
lation by increasing chloride secretion to a significant and 
similar degree compared to the individuals with cystic fi-
brosis (97). EBC of patients with chronic persistent cough 
is more acidic and has lower chloride levels than EBC of 
non-coughing healthy subjects (71). We did not find any 
correlation between pH and chloride levels.

Urea concentrations in the EBC are quite low and more 
variable than the other evaluated parameters, i.e. density 
and pH. It is believed that the EBC urea value correlates 
with plasma urea levels (32) as well as chloride levels. NH4

+ 
can also interfere with urea analysis (31).

CONCLUSIONS

EBC analysis has a potential become a safe and a non-in-
vasive diagnostic test, not only for lung diseases. In the 
future it could replace some of more invasive methods. In 
order to address the issues regarding standardization, it is 
necessary to consider the matter of collection devices and 
techniques, modes and conditions. Standardization needs 
to be specific for each individual biomarker, with future 
investigations focusing on optimal collection. 
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Immunohistochemical Expression of CDC7 in 
Dentigerous Cyst, Odontogenic Keratocyst and 
Radicular Cyst
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A B S T R AC T
CDC7 is a serine/threonine kinase which has an essential role in initiation of DNA proliferation and S phase. It increases the invasion and 
proliferation in many pathologic lesions. This study aimed to evaluate the expression of CDC7 in the most common odontogenic cysts. We 
evaluated 17 dentigerous cysts, 18 odontogenic keratocysts (OKC) and 13 radicular cysts immunohistochemically. The mean expression of 
CDC7 was analyzed using ANOVA and Post-HOC methods. All specimens revealed CDC7 expression. Higher expression of CDC7 in OKC and 
radicular cyst was shown in comparison to dentigerous cyst (P < 0.001), while radicular cyst and OKC groups showed no difference in CDC7 
expression (P = 0.738). The high expression of CDC7 in OKC suggests that this protein could be related to the higher proliferation rate and 
invasiveness of OKC. On the other hand, the higher CDC7 expression in radicular cyst may simply be related to inflammation as this cyst is 
neither aggressive nor invasive.
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INTRODUCTION

Odontogenic cysts are developmental lesions that form 
because of abnormalities that can occur during tooth de-
velopment. These lesions are commonly found in routine 
radiographic examination (1). Dentigerous cyst (DC) is 
the most common developmental odontogenic cyst that 
involves about 24% of the epithelium lined cysts of the 
jaws (2, 3). This slow-growing cyst involves the crown of 
anunerupted tooth due to changes in the reduced enamel 
epithelium after completion of amelogenesis that results 
in aggregation of liquid between the reduced enamel ep-
ithelium and tooth crown (2–5). Odontogenic keratocyst 
(OKC) is one of the common cysts that accounts for about 
11% of all developmental odontogenic cysts (6) originat-
ing from the remnants of the dental lamina. The OKC has 
a high growth rate and tendency for invasion and recur-
rence (7). Because of this aggressive behavior, from 2005 
to 2017, the OKC was named keratocystic odontogenic tu-
mor by the World Health Organization (WHO) (8, 9). In 
2017, the WHO reverted it to the odontogenic keratocyst as 
a cystic lesion; hence, there is a debate around the putative 
neoplastic nature of this lesion (9).

Radicular cyst (RC) is the most common cyst of the 
oral cavity which originates from the epithelium exist-
ing in the periodontal space or forming as a result of pulp 
necrosis (10–13). This inflammatory cyst usually has a low 
growth rate and is asymptomatic unless there is acute in-
flammation in the area (12).

 In many instances, the differentiation between differ-
ent cysts is difficult; thus, finding a diagnostic aid seems 
necessary. Todays, immunohistochemistry (IHC) using ap-
propriate diagnostic or prognostic markers can help the 
pathologists.

Cell division cycle 7 (CDC7) protein is a serine/threo-
nine kinase which plays a key role in the initiation of DNA 
replication and regulation of G1/S phase transition (check 
point of the cell cycle) (14). Different mechanisms of mod-
ulation of kinase activity in response to DNA replication 
stress have been reported. In one hypothesis, CDC7 plays 
an active role in cell cycle stages, but in another one it is 
an inactive final target in the cell cycle check-point (15, 16). 
It seems that overexpression of CDC7 by disabling p53 is 
related to several cancers and cancer cell lines (15).

Hess and colleagues found that CDC7 expresses in 
many normal tissues such as placenta, fetal tissues, brain, 
lung and immune system tissues, but it expresses further 
in many tumors such as colorectal carcinoma, different 
types of leukemia, lung carcinoma melanoma and all of 
their modified cell lines. They concluded that expression 
of CDC7 may be related to increasing proliferation of some 
tumors and neoplastic changes in other tumors (17). Bon-
te et al. studied the presence of CDC7 in certain tumors 
and normal cells and found that CDC7 protein expression 
in normal tissues derived from the breast, lung and colon 
was very low or undetectable, but this protein was over-
expressed in about 50% of 62 human tumor cells such as 
different types of leukemia. Overexpression of CDC7 was 
shown in primary tumors of the breast, colon and lung, 
but it was not detected in normal tissues of those areas. 
They also showed the association between decreasing the 

p53 and overexpression of CDC7 and DBF4 in primary 
breast cancer and cancer cell lines (15). Also, inhibition of 
CDC7 in the cell lines can lead to stopping of the cell cycle. 
Thus, inhibition of CDC7 may be useful for the treatment 
of cancer (15, 16, 18).

There is not any study that has been conducted on 
evaluation of the expression of CDC7 protein in the od-
ontogenic cysts, so this study aimed to evaluate the im-
munohistochemial expression of this protein in the most 
common odontogenic cysts.

MATERIALS AND METHODS

In this cross-sectional study, 17 cases of DC, 18 OKC and 13 
RC were included. The samples were obtained from Oral 
and maxillofacial pathology department of Shiraz Uni-
versity of Medical Sciences (1998–2014). All samples had 
a definite diagnosis and an adequate epithelial component. 
Inflamed OKCs and DCs were excluded. Baseline data in-
cluding the patients’ age and gender as well as the location 
of the lesions were noted according to the patients’ med-
ical files.

IHC staining was performed using the Envision Labe-
led Peroxidase System (DAKO, Carpentaria, CA, USA). All 
the samples had been fixed in 10% formalin and embed-
ded in paraffin previously. After deparaffinizationin xy-
lene, the sections were dehydrated in alcohol and washed 
in distilled water. Antigen retrieval was done by DAKO 
cytomation target retrieval solution with PH = 9 during 
20 minutes. Internal peroxidase activity was inhibited by 
H2O2 3%. We used CDC7 (Polyclonal rabbit antibody # 1:50, 
Gentex, USA) as primary antibody. 3,3�-diaminobenzidi-
netetrahydrochloride (DAB) was used as chromogen and 
hematoxylin was applied for background staining.

Basal cell layer of the oral mucosa was used as posi-
tive control. For negative control, primary antibody was 
replaced by PBS (phosphate-buffered saline) solution. The 
cells with brown nuclei were considered as CDC7 posi-
tive. In high power, we counted at least 300 cells in three 
microscopic fields of each specimen. Samples with CDC7 
staining <5%, 5–10% and >10% were considered as low, 
intermediate and high expression of CDC7, respectively 
(19). Data were analyzed using SPSS software. ANOVA and 
Post-HOC tests were used. P value ≤0.05 was considered 
significant statistically.

RESULTS

The mean± SD age of the cases was 30.66 ± 10.25 years old 
(range 12–54 years). Baseline characteristics regarding 
age, gender and location of the lesions in each group are 
shown in Table 1.

Nuclear expression of CDC7 in basal and para-basal cell 
layers was observed in all specimens. In the DC group, the 
mean of CDC7 expression of cells was 3.47 ± 1.4 and it was 
limited to the basal cell layer (Fig. 1A). Also in RC, in addi-
tion to the basal cell layer, positive staining was observed 
in the parabasal layer and the mean of expression was 20.6 
± 14.9 (Fig. 1B). In the OKC group, more positive CDC7 cells 
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were observed in the parabasal layer and basal cell layer 
showed less staining. The mean of positive staining for 
OKC was 18.15 ± 8.04 (Fig. 1C).

According to ANOVA test, there was a  statistically 
significant difference among the three groups in CDC7 
expression (P < 0.001). Post-HOC test showed that posi-
tive staining for CDC7 in DC was lower than the two oth-
er cysts. (P < 0.001 for both group); however, RC and OKC 
did not reveal any significant difference in staining for 
CDC7 (P = 0.738). CDC7 expression in the three groups was 
divided into three subgroups: low, medium and high, as 
illustrated in Table 3. Although most of the DCs showed 
low expression of CDC7, the cases of OKC and RC revealed 
a high CDC7 expression rate.

DISCUSSION

In the present study, expression of CDC7 in the most com-
mon odontogenic cysts was evaluated. OKC had an aggres-
sive behavior and tendency to high recurrence, but DC and 
RC showed slow growth and low recurrence. Although the 
exact mechanism for this difference is unknown, many 
studies explain that the epithelium of OKC could be in-
volved in its aggressive behavior (2). However, some stro-
mal components are also involved in this behavior (20).
The results of this study showed that the expression of 
CDC7 in OKC and RC was higher than DC with a significant 
difference. In various studies on the expression of CDC7, 
the total conclusion was that the increase in the expres-
sion of this marker is related to higher proliferation activi-
ty, or increase in the aggressiveness of the tumor (15, 17, 21, 
22). Its mechanism is phosphorylation of MCM2–7 com-
plex (minichromosomal maintenance 2–7), activating the 
internal pathway of DNA-Helicase activity and initiating 

Fig. 1 Nuclear expression of CDC7; 1A: in the basal cell layer of 
dentigerous cyst (×400); 1B: in the basal and parabasal classes 
of Radicular radicular cysts (×200); 1C: in the parabasal layer of 
odontogenic keratocyst (×400).

Tab. 1 Baseline data of all study groups.

Maxilla : MandibleMale : FemaleAgeType of Cyst (N)
7 : 1014 : 329.76 ± 10Dentigerous Cyst (17)
8 : 58 : 535 ± 9.3Radicular Cyst (13)
4 : 148 : 1028.2 ± 10.7Odontogenic Keratocyst (18)

Tab. 2 CDC7 expression rate in all study groups.

P-valueMin–MaxCDC7 (Mean ± SD)Type of Cyst (N)
0.000 : vs Rad

2–6.13.5 ± 1.4Dentigerous Cyst (17)
0.000 : vs OKC
0.000 : vs D

5.5–4920.6 ± 14.9Radicular Cyst (13)
0.738 : vs OKC
0.738 : vs Rad

9–32.618.1 ± 8Odontogenic Keratocyst (18)
0.000 : vs D

Tab. 3 Classification of CDC7 expression in the study.

ighModerateLowType of Cyst(N)
–314Dentigerous Cyst(17)
931Radicular Cyst(13)
171–Odontogenic Keratocyst (18)
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the replication of DNA (23); thus, it results in an increase 
in cell proliferation (24). In previous studies, an increase 
of MCMs such as MCM2 and MCM 3 was observed in OKC 
(25); also, many studies have shown an increased prolif-
erative activity of this cyst rather than other odontogenic 
cysts. MCM positive cells have a high CDC7 activity (25).

CDC7 is used as an initiator for DNA replication in an-
ti-cancer therapeutic purposes. Inhibition of CDC7 ex-
pression can cause a  destructive S  phase and ability to 
destroy the cancer cells. This feature was recognized by 
a G1 reverse phase, during inhibition of CDC7 expression 
that happened by reactivation of the cell cycle checkpoints 
which were damaged due to cancer (25). In normal cells, 
a p53-dependent pathway actively inhibits the damaged 
S phase during the absence of CDC7 kinase, and p53 is es-
sential for maintenance of check-points of the cell cycle 
(16). Our results reflect the role of CDC7 in higher prolif-
eration of OKC. Moreover, the expression of CDC7 in OKC 
was seen mostly in the parabasal layer, whereas in other 
groups it was observed in the basal cell layer. Many studies 
have observed the suprabasal layer of OKC as the prolifer-
ative layer, unlike other odontogenic cysts. In a study, it 
has been mentioned that the biologic behavior of OKC is 
due to its proliferative parabasal layer in which Ki-67, p53 
and p63 express highly (24).

In this study, we found a higher expression of CDC7 in 
RC; as proliferation of the RC cells is attributed to the in-
flammatory process stimuli, we raise the question wheth-
er the high CDC7 imunoexpression observed in RC might 
be related to the significant inflammation. Guler and col-
leagues studied the expression of Ki67 and MCM2 factors, 
as well as the effects of inflammation on the markers of 
cell cycle in the cases of dental follicle and odontogenic 
cysts such as RC, DC and OKC. They concluded that the ex-
pression of Ki67 in dental follicle and OKC and expression 
of MCM2 in RC and OKC were higher statistically. The re-
sult of MCM2 in the mentioned study is similar to that of 
CDC7 expression in our study, which was higher in RC and 
OKC. They mentioned that there could be a relationship 
between higher inflammation in RC and higher expression 
of MCM2 proliferation marker (26).

Among the study groups, DC and OKC showed uni-
formity in the expression of CDC7; as 82% of DC showed 
low expression and 94% of OKC revealed high expression 
of CDC7, but RC had a more scattered staining pattern. 
Based on these results, the expression of CDC7 could be 
affected by the amount and type of inflammatory cells. 
Given that the proliferative markers are used to make 
a  differential diagnosis of pathologic lesions, based on 
these results, it seems that the effectiveness of this mark-
er in making differential diagnosis in inflamed odonto-
genic cysts is low. However, further studies focusing on 
the impact of inflammation are suggested for confirming 
this point.

CONCLUSION

Based on the present findings, it is concluded that there 
is a higher expression of CDC7 in odontogenic cysts with 
higher proliferative activity and higher aggressiveness, 

such as OKC. Therefore, it could be a potential prognostic 
marker. Since the expression of this marker was also high 
in RC, inflammation appears to contribute to CDC7expres-
sion.

We suggest further studies comparing the RC with in-
flamed DC and OKC to evaluate the effectiveness of this 
marker in diagnosis of inflamed lesions and a larger sam-
ple size to get a cut-off point for differential diagnosis of 
the odontogenic cyst.
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Modulation of Rat Liver Regeneration  
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by Dietary Cholesterol
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A B S T R AC T
Introduction: The aim of study was to evaluate impact of long-term dietary cholesterol overload on the cholesterol homeostasis and liver 
regeneration.
Material and Methods: Serum lipid parameters, 14C-cholesterol incorporation, liver DNA synthesis and protein expression was determined 
in partially hepatectomized (PH) rats fed with a standard (SLD) or hypercholesterolemic (CHOL) diet. 
Results: 29-day intake of CHOL diet before PH produced increase in serum total cholesterol, LDL lipoprotein, and triglyceride concentration. 
PH provoked decrease in serum total cholesterol and triglyceride concentration in both groups. PH was associated with increase in 
serum ALT activity more pronounced in CHOL animals. Hepatic DNA synthesis was increased after PH in both groups, but lower in CHOL. 
Hypercholesterolemic diet reduced the absorption of radiolabelled cholesterol in intestine and then activity in blood and liver. The 
14C-cholesterol hepatic activities tend to increase after PH in both groups. CHOL diet produced up-regulation of Acyl-CoA:cholesterol 
acyltransferase-2 protein expression. PH was associated with increase of LDL receptor and Acyl-CoA:cholesterol acyltransferase-2 protein 
expression in both dietary groups.
Discussion: Liver regeneration after PH is negatively influenced by CHOL diet. The increased uptake of cholesterol in the liver after PH 
associated with up-regulation of LDL receptor protein expression suggests preferential use of extrahepatic cholesterol by the liver.
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INTRODUCTION

Hypercholesterolemia has been considered as a major risk 
factor for cardiovascular disease such as coronary heart 
disease and atherosclerosis (1), a  leading cause of death 
and disability in developed countries. Moreover the role 
of cholesterol in the pathogenesis of non-alcoholic stea-
tohepatitis (NASH) remains unclear. Results of Zhu et al. 
suggested that cholesterol markedly promoted apoptosis 
of steatotic HepG2 cells in vitro, likely through the up-reg-
ulation of Bax and caspase-3 expression. Other authors 
suggested that abnormal lipid metabolism may contribute 
to the increase of reactive oxygen species (ROS) and in-
flammation and induced NASH (2, 3).

Liver is the central organ in the regulation of whole-
body cholesterol homeostasis. The role in the cholesterol 
metabolism is multiplex and includes the synthesis of cho-
lesterol and cholesterol-carrying apoproteins; catabolism  
of cholesterol to bile acids; receptor-mediated clearance of  
cholesterol containing lipoproteins; and esterification  
of cholesterol (4, 5). Not surprisingly, high cholesterol die-
tary intake induces changes of these processes and invoke 
suppression of cholesterol de novo synthesis and increased 
storage of lipids in the liver (2, 6). In addition, long-term 
hypercholesterolemic diet is associated with potentiat-
ed signalling by adhesion molecules and activation of 
fat-storing cells to become fibrogenic effector leading to 
liver fibrosis (7, 8).

Partial hepatectomy (PH) in rats is widely used model 
to study liver regeneration, which is accompanied by cell 
division and by outstanding cell and organelle membrane 
production. This process requires quantity of cholesterol 
(9). Hepatocytes after PH proliferate synchronously, they 
enter in G1 phase and begin to synthesize DNA 18 h after 
PH and divide after 24 h. It has been shown that cholester-
ol is necessary in early G1 phase during cell duplication. 
During liver regeneration, an increase in chromatin cho-
lesterol is observed between 6 and 18 h after hepatectomy 
(7). Therefore, appropriate cholesterol intake and balanced 
diet is essential for liver regeneration (9).

The aim of present study was (1) to evaluate impact of 
long-term dietary cholesterol overload on the cholesterol 
homeostasis and then (2) to evaluate the influence of this 
status on liver regeneration induced by surgical remov-
al of 70% of liver parenchyma in rats. To obtain relevant 
information, changes in serum biochemical parameters, 
hepatic DNA synthesis, cholesterol content in the main 
organs of cholesterol turnover and hepatic expression of 
key enzymes of cholesterol metabolism were evaluated in 
these animals. 

MATERIALS AND METHODS

PREPARATION OF LABORATORY DIET 
Diet was prepared according to available literature (www 
.testdiet.com, www.dyets.com) from casein (PML Inc., 
Novy Bydzov, CZ), cornstarch (Skrobarny Pelhrimov, 
CZ), cellulose (Phrikolat, Chemische Erzeugnisse GmbH, 
Germany), choline chloride, L-cysteine, L-arginine and 
sucrose (Fisher Scientific, Ltd., Pardubice, CZ), corn oil 

(CANO Ltd. Hermanuv Mestec, CZ), DL-methionine (Sig-
ma-Aldrich, Ltd. Prague, CZ), mixture of vitamins and 
minerals according to AIN-93, TestDiet.

The half of the prepared diet was control diet (SLD). 
Second half of diet was enriched by cholesterol to the final 
concentration of 4% (CHOL). These diets were fabricated 
into pellets and dried in 60 °C in food dryer.

MATERIALS
Rabbit polyclonal anti-ACAT-2 (Acyl-coenzyme A: Cho-
lesterol Acyltransferase-2, Cat. No. 100027) antibody and 
anti-LDL receptor (Cat. No. 10007665) polyclonal anti-
body was obtained from Cayman Chemical (Ann Arbor, 
MI, USA). Anti-HMG-CoA Reductase antibody was pur-
chased from Chemicon (Billerica, MA, USA). Horseradish 
peroxidase-linked donkey anti-rabbit immunoglobulin G 
was purchased from GE Healthcare (Prague, CZ). All other 
reagents and supplies were obtained from Sigma Chemical 
Co. (St. Luis, MO) and SERVA Electrophoresis GmbH (Hei-
delberg, Germany), respectively, and were of the highest 
purity available. 

ANIMALS
The Ethical Expert Committee of Medical Faculty, Charles 
University, Hradec Králové approved the experiment 
protocol (No. 20287/2005-30/300). All operations were 
performed in total ether anesthesia. Male Wistar rats 
(Biotest Inc., Konarovice, Czech Republic) were placed 
in plastic cages under standard conditions. They were in 
standard room temperature 22 ± 2 °C, twelve hours light/
dark system, air humidity 30–70%. The rats (8 weeks old) 
were randomly divided into 2 groups, 24 rats each with 
starting body weight 256 ± 15 g. They were fed with above 
mentioned diets and drank tap water ad libitum for 29 
days. 1st group: (SLD), were fed with standard laborato-
ry diet, and 2nd group: (CHOL), were fed with cholesterol 
enriched diet (80–100 mg of cholesterol/rat/day). Eight 
rats from each group were sacrificed on 29th day of ex-
periment (SLD-int, CHOL-int), others (8 + 8) underwent 
at the day 28 two third partial hepatectomy (PH) and then 
were sacrificed 18 hours (8 + 8 rats, SLD-18, CHOL-18), and 
24 hours (8 + 8 rats, SLD-24, CHOL-24) after partial hepa-
tectomy (10).

14C-cholesterol (37 kBq/100 g of body weight, APCzech, 
Prague, CZ) was administered p.o. 24 hours before sacri-
fice to intact rats or immediatelly after PH. The 3H-thy-
midin (740 kBq/100 g of body weight, Lacomed Ltd., Řež 
u Prahy, CZ) was administered i.v. 1 hour before sacrifice 
by exsanguination from abdominal aorta in all rats.

The liver was removed and immediately frozen in liq-
uid nitrogen and stored at −80 °C until analyses.

ANALYSES
Serum total cholesterol, triglyceride (TAG) concentration 
and ALT activity (μkat/l) was measured by automated en-
zymatic methods on Modular Roche analyser (Roche, Man-
nheim, Germany). Liver cholesterol concentration was 
determined using colorimetric kits (Lachema, Brno, CZ).
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The activity of 14C-cholesterol (Bq/g of tissue or ml of 
blood) was determined after ethanol-acetone extraction 
and saponification and radioactivity was quantitated by 
scintillation counting (11). Newly synthesized bile acids 
with incorporated 14C-cholesterol in liver were assessed 
after ethanol extraction, precipitation by digitonin (10) 
and radioactivity was quantitated by scintillation count-
ing. Liver DNA synthesis was determined by incorporation 
of methyl 3H-thymidine to liver DNA (11). The radioactivity 
of the samples was measured by liquid scintillation system 
on Beckman Coulter LS 6000LL (Fullerton, CA, USA). The 
liver DNA content was determined with diphenylamine 
reagent (12).

WESTERN BLOT
Hepatic expression of key enzymes of cholesterol me-
tabolism, namely 3-hydroxy-3-methylglutaryl coenzyme 
A  (HMG-CoA) reductase, low-density lipoprotein (LDL) 
receptor, and acyl-coenzyme A:cholesterol acyltransferase 
(ACAT-2) was assessed by Western blot.

Membrane preparation. Samples were prepared as de-
scribed previously (13). Briefly, livers were minced in ice-
cold Tris-sucrose buffer containing 0.5 mg/mL leupeptin, 
0.5 mg/mL pepstatin, 2 mg/mL aprotinin, 50 mg/mL ben-
zamidine, and 40 mg/mL phenylmethylsulfonyl fluoride 
(PMSF) and homogenized. A membrane-enriched micro-
somal pellet was obtained from the postnuclear super-
natant after a  100,000 g ultracentrifugation at 4 °C for 
60 minutes. Acquired pellet was resuspended in Tris-HCl 
buffer. The protein concentration was determined with 
the BCA assay (Pierce, Rockford, IL, USA) and samples 
were stored at −80 °C.

Immunoblot analysis. Crude membrane–containing 
homogenates (50 μg) from freshly harvested livers were 
incubated with sample buffer at room temperature for 
30 minutes and separated on a 7.5% polyacrylamide gel. 
After the proteins were transferred to a  nitrocellulose 
membrane (Bio-Rad, Hercules, CA, USA), it was blocked 
for 1 h at room temperature with 5% nonfat dry milk in 
Tris-buffered saline containing 0.05% Tween 20 (TTBS). 
The membrane was then incubated with primary anti-
bodies (1:500) for 1 h, washed, and incubated for 1 h with 
a  peroxidase-conjugated secondary antibody (1:1,000). 
After washing five times with TTBS, the membranes were 
developed using enhanced chemiluminescent reagent (GE 
Healthcare, Prague, CZ) and subjected to autoluminog-
raphy for 1–5 min. The immunoreactive bands on the ex-
posed films were scanned with densitometer ScanMaker 
i900 (UMAX, Prague, CZ) and semiquantified using the 
QuantityOne imaging software (Bio-Rad).

HISTOLOGY
Liver tissue for histopathological examination was ob-
tained from one standard site (processus anterior dexter et 
processus caudatus lobi caudati) and fixed in 10% buffered 
formalin. The 3 μm paraffin sections were stained with he-
matoxylin–eosin. Steatosis was graded by semi-quantita-
tive analysis as follows: mild = 5–29%; moderate = 30–59%; 
and severe = more than 60% of hepatocytes affected. Each 

biopsy was analyzed and graded by the same pathologist 
who was blinded to the rats group.

STATISTICS
Statistical analyses were performed by software SigmaStat 
3.1 (Jandel Scientific®, San Rafael, CA, USA). Results are ex-
pressed as mean ± SEM. Test used were t-test and ANOVA. 
One sign represents statistical significance p < 0.05, two 
signs are p < 0.01 and three signs represent p < 0.001, NS 
means “not significant”. 

RESULTS

The results of serum biochemical analyses are summarized 
in Table 1. 29-day continual intake of high cholesterol diet 
in rats before PH produced 35% and 136% increase in se-
rum total cholesterol and triglyceride. PH induced insig-
nificant decrease in serum total cholesterol and triglycer-
ide concentration in both SLD and CHOL groups. Alanine 
aminotransferase activities were significantly higher after 
PH in both dietary groups in comparison with intact rats, 
but changes were more pronounced in CHOL group.

Liver regenerative mechanism as evaluated by DNA 
synthesis and total content of DNA together with cho-
lesterol content in the liver and changes in liver weights 
are listed in Table 2. PH in control diet fed animals pro-
duced increase in DNA synthesis in both SLD-PH groups 
with progression according to duration of PH. Total he-
patic content of DNA and cholesterol was not changed in 
SLD-PH animals when compared with SLD-int. The rats of 
CHOL-int group had similar synthesis of DNA as SLD-int 
group. Nevertheless, PH in these animals produced signifi-
cantly lower liver DNA synthesis 18 and 24 hours after sur-
gical procedure together with decreased total content of 
liver DNA 24 hour after PH in comparison with respective 
SLD-PH rats. The liver weight in CHOL-int rats was signifi-
cantly higher than in SLD-int, but smaller when compared 
with respective 24 hour PH groups. Liver cholesterol con-
tent was significantly higher in all CHOL rats comparing 
to corresponding SLD group. In comparison to respective 
intact groups, hepatic cholesterol content in both diet 
groups slightly decreased during 18 hour after PH.

To evaluate actual turnover of cholesterol in blood, liv-
er and intestine, 14C cholesterol was applied p.o. to all rats 
18 or 24 hour before being sacrificed. The results of incor-
poration of radiolabeled cholesterol in tissues are present-
ed in Table 3. While PH in SLD animals did not influenced 
the activities of cholesterol in intestine, or blood, the 
CHOL-int animals exerted significantly lower 14C-choles-
terol activities in all three evaluated compartments when 
compared with SLD-int group. The 14C-cholesterol hepat-
ic activities tend to increase after PH in both diet groups 
when compared with corresponding intact group.

To study expression of crucial receptors and enzymes 
involved in hepatic turnover of cholesterol we performed 
western blot analysis of HMG-CoA reductase, LDL recep-
tor, and ACAT-2. Results are presented in Fig. 1–3. The 
HMG-CoA reductase protein expression was similar in in-
tact animals of both diet groups. In addition, correspond-
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ing progression of changes was detected in all groups af-
ter PH. We observed insignificant decrease of HMG-CoA 
reductase 18 hours after PH and then increase 24 hours 
after PH (Fig. 1).

The expression of ACAT-2 was slightly induced in in-
tact cholesterol fed rats (Fig. 2). The SLD rats had signif-
icantly elevated ACAT-2 expression especially 18 hour af-
ter PH in comparison with SLD intact rats. Similarly, the 
rats of CHOL group had significant elevation of ACAT-2 
expression after both intervals of PH. 

The rats in CHOL group had insignificantly lower LDL 
receptor protein expression before PH versus SLD rats 
(Fig. 3). The significant increase in LDL receptor protein 
expression was observed in both dietary groups 18 hours 
and 24 hours after PH with changes being more intensive 
in CHOL rats.

Macroscopic and microscopic examination of the liver 
of SLD and CHOL animal is presented in Fig. 4–7. 

Liver of a rat fed by SLD diet shows normal macroscop-
ic finding (Fig. 4).

The liver tissue of a control rat shows no histopatholog-
ic changes (Fig. 5).

The liver of a CHOL rat shows macroscopic steatosis 
(Fig. 6).

The liver after a 29 days CHOL diet shows lobular mi-
crovesicular steatosis (>30%), no inflammatory cells were 
observed (Fig. 7).

DISCUSSION

In the present study, we demonstrated significant chang-
es in cholesterol homeostasis after long-term hypercho-
lesterolemic diet in rats which were associated with im-
paired liver regeneration. High cholesterol intake induced 
increased serum total cholesterol and TAG concentrations. 

Tab. 1 Serum concentrations of total cholesterol, triglycerides (mmol/l) and alanine-aminotrasferase activities (μkat/l).

SLD CHOL
SLD-int SLD-18 SLD-24 CHOL-int CHOL-18 CHOL-24

Cholesterol 2.3 ± 0.3 1.4 ± 0.1 ‡ 1.0 ± 0.1 ‡‡ 3.1 ± 0.2 ** 1.9 ± 0.1 ‡ † 1.3 ± 0.13 ‡‡

TAG 1.4 ± 0.2 0.3 ± 0.02 ‡ 0.4 ± 0.04 ‡ 3.3± 0.4 *** 0.8 ± 0.5 ‡ 0.4 ± 0.04 ‡‡

ALT 0.7 ± 0.09 6.8 ± 1.0 *** 6.2 ± 1.8 ** 0.7 ± 0.07 20.9 ± 10.7 ‡‡ *** † 9.5 ± 1.8 ***

Values are means ± SEM (n = 8).
* P < 0.05, ** P < 0.01, *** P < 0.001 all groups vs. SLD-intact animals;
‡ P < 0.05, ‡‡ P < 0.001 PH group vs. corresponding intact group (SLD or CHOL);
† P < 0.05 respective CHOL-PH group vs. corresponding SLD-PH group

Tab. 2 Specific activity (s.a. – synthesis) of liver DNA (Bq/μg DNA), total content (t.c.) of liver DNA (μg × 103/g jater), weight of liver remnant 
(g/100 g of body weight) and liver cholesterol concentration (μg/g).

SLD CHOL
SLD-int SLD-18 SLD-24 CHOL-int CHOL-18 CHOL-24

s.a. DNA 0.2 ± 0.03 2.3 ± 0.44 ‡ 11.2 ± 1.1 ‡‡ 0.3 ± 0.02 1.1 ± 0.26 † ‡ 6.1 ± 0.8 † ‡‡

t.c. DNA 1.7 ± 0.04 1.9 ± 0.1 2.0 ± 0.1 1.5 ± 0.1 1.8 ± 0.1 1.8 ± 0.1‡‡

Liver weight 3.5 ± 0.2 1.4 ± 0.1 2.1 ± 0.1 5.3 ± 0.3 *** 1.8 ± 0.1 ‡‡ 1.8 ± 0.1 ‡‡ 
Liver cholesterol 4.3 ± 0.2 3.9 ± 0.2 4.8 ± 0.3 12.8 ± 0.8 *** 10.9 ± 0.6 12.2 ± 0.6

Values are means ± SEM (n = 8).
* P < 0.05, ** P < 0.01, *** P < 0.001 all groups vs. SLD-intact animals;
‡ P < 0.05, ‡‡ P < 0.001 PH group vs. corresponding intact group (SLD or CHOL);
† P < 0.05 respective CHOL-PH group vs. corresponding SLD-PH group;
xxx P < 0.001 SLD-18 vs. SLD-24 and CHOL-18 vs. CHOL-24

Tab. 3 14C-cholesterol activities in selected tissues, in blood and as bile acid in liver tissue (Bq/g of tissue, Bq/ml of blood).

SLD CHOL
SLD-int SLD-18 SLD-24 CHOL-int CHOL-18 CHOL-24

Intestine 1952 ± 797 1948 ± 473 2941 ± 769 335 ± 64 * 1074 ± 277 845 ± 219 
Blood 616 ± 44 322 ± 70 720 ± 66 312 ± 71 * 312 ± 41 427 ± 73
Liver 833 ± 123 1467 ± 235 1895 ± 402 228 ± 36 * 1082 ± 159 845 ± 162
Bile acid in liver 
tissue

71.2 ± 15.1 74.3 ± 10.9 84.9 ± 17.4 52.1 ± 14.3 55.9 ± 10.8 54.7 ± 12.4

Values are means ± SEM (n = 8).
* P < 0.05, ** P < 0.01, *** P < 0.001 all groups vs. SLD-intact animals
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CHOL rats developed steatosis, which was proven macro-
scopically and microscopically. PH in these animals lead to 
lower hepatic DNA synthesis, DNA content and cholesterol 
uptake and increased ALT activity in comparison to intact 
animals which indicate problems in liver reparative pro-
cesses. In addition, we observed induction of LDL receptor 
protein expression and increased uptake of cholesterol by 
the liver after PH.

The high-cholesterol diet consumption reduced choles-
terol absorption from intestine in mice (14), in rats (15), 
and probably in humans (16). The assumed mechanism is 
decrease of intestinal cholesterol absorption by up-regu-
lation of adenosine triphosphate-binding cassette choles-
terol transporter – Abcg5, Abcg8 (15) or a Niemann-Pick 
C1 Like 1 (NPC1L1) protein localized in jejunal enterocytes, 
which are critical for intestinal cholesterol absorption (17). 
These data comply with the results of our study where we 
demonstrated that the rats of CHOL group had inhibited 
exogenous cholesterol absorption, and 14C-cholesterol was 
increased in faeces in comparison with SLD group (un-
published observation). This fact is agreed by significant 
decrease of 14C cholesterol activities in intestinal wall tis-
sues in CHOL groups (and consequently in blood, liver and 
intrahepatic bile acid). 

We observed slight increase in hepatic ACAT-2, and 
unchanged LDL-receptor and HMG-CoA reductase protein 
expression between SLD and CHOL rats before PH. Spec-
trum of studies dealing with these protein expressions 
after hypercholesterolemic diet brought controversial 
results. Our results are in agreement with some of these 
reports pointing to induction of ACAT-2 and minimal 

 
Fig. 1 Representative Western blot and group data depicting 
HMG-CoA reductase protein expression in the liver of control 
(SLD – standard laboratory diet) and cholesterol overloaded (CHOL) 
rats before (intact) and 18 or 24 hour after PH. Data are means ± 
SEM (n = 8 in each group). All data were compared with SLD-intact 
(rats on standard chow before PH). NS, not significant.

 
Fig. 3 Representative Western blot and group data depicting LDL 
receptor protein expression in the liver of control (SLD – standard 
laboratory diet) and cholesterol overloaded (CHOL) rats before 
(intact) and 18 or 24 hour after PH. Data are means ± SEM (n = 8 
in each group). All data were compared with SLD-intact (rats on 
standard chow before partial hepatectomy). Statistical significance 
* vs. SLD-int, xx vs. CHOL-int.

 
Fig. 2 Representative Western blot and group data depicting Acyl- 
CoA:cholesterol acyltransferase (ACAT-2) protein expression in the 
liver of control (SLD – standard laboratory diet) and cholesterol 
overloaded (CHOL) rats before (intact) and 18 or 24 hour after PH. 
Data are means ± SEM (n = 8 in each group). Data were compared 
with SLD-intact (rats on standard chow before PH). Statistical 
significance *** vs. SLD-int, ++ SLD-18 vs. CHOL-18, x vs. SLD-int.
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changes of HMG-CoA reductase and LDL receptor during 
long-term cholesterol overload (5, 6, 18). One explanation 
for minimal changes in respective hepatic proteins ob-
served in our study might be the decreased intestinal ab-
sorption of cholesterol, which reduces infl uence of dietary 
cholesterol on the liver proteins.

Liver regeneration aft er PH is accompanied by cell di-
vision and (cell and organelle) membrane production is 
a process requiring cholesterol (7). Th e rats aft er PH lost 
about 67–70% of liver parenchyma together with choles-
terol synthesis enzymes and cholesterol store, neverthe-
less they have to induce regenerative processes. As a con-
sequence, serum cholesterol concentration decreased 
aft er PH in both groups, which comply with our previous 
results (19). Similarly in humans, hypocholesterolaemia is 
a frequent and typical phenomenon of many acute situa-
tions in the critically ill (20). Albi et al. (9) proved that he-
patic cholesterol increases during liver regeneration aft er 
PH, fi rst as a linked fraction and then, when DNA synthe-

sis starts, as a free fraction. Herein, we demonstrated that 
regenerating liver tissue in rats aft er PH gained preferen-
tially cholesterol from circulation. Th is concept is support-
ed by:
1.  Increased content of 14C-cholesterol in the liver aft er 

PH indicating increased uptake from blood. Th is eff ect 
is most probably consequence of observed up-reg-
ulation of liver LDL receptor expression aft er PH. It 
suggests the eff ort of remnant hepatocytes to use LDL 
cholesterol, mainly in rats of CHOL groups which is in 
accordance with the results of other authors (21, 22). 
In agreement, Bocchett a et al. (23) demonstrated an in-
duction of LDL receptor gene expression shortly (2–4 h) 
aft er PH. 

2.  Up-regulation of liver ACAT-2 synthesis for esterifi ca-
tion of (newly) absorbed liver cholesterol. Our results 
show, that ACAT-2 expression increased signifi cantly 
in all PH groups indicating activation of regenerative 
processes such membrane component synthesis.

 

Fig. 4 Macroscopic view of liver from intact rat SLD group aft er 
exsanguination. Homogenous structure of intact liver.
Fig. 6 Macroscopic view of liver from intact rat CHOL group after exsanguination. Pale 

steatotic liver. 

   

Fig. 6 Macroscopic view of liver from intact rat CHOL group aft er 
exsanguination. Pale steatotic liver.

 

Fig. 5 Histology of liver tissue from intact rat SLD group. Normal 
liver shows regular lobular architecture (HE, magnifi cation 200×).

 

Fig. 7 Histology of liver from intact rat CHOL group. Th e liver aft er 
a 29 days CHOL diet show lobular microvesicular steatosis (>30%) 
and no infl ammatory cells were observed (HE, artifi cial laceration 
(magnifi cation 200×).
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3.  Stable expression of HMG-CoA reductase after PH, 
with only an insignificant decrease 18 hour after PH 
and slight increase 24 hours after PH. Similarly, Cheng 
et al. (24) demonstrated that cholesterol synthesis was 
selectively decreased 24 hours after PH in rat hepato-
cytes. Bakalar et al. (25) proved decrease of cholesterol 
precursor synthesis as a major cause of hypocholester-
olemia in the critically ill patients with multiple trau-
ma.
We evaluated DNA synthesis as the marker of liver re-

generation. After PH in SLD animals we observed steady 
increase in 3H-thymidin incorporation indicating liver re-
generation. This process was markedly delayed in CHOL 
group. We suppose that physiological turnover of adequate 
endogenous and exogenous cholesterol makes better con-
ditions for triglyceride metabolism with early onset and 
advantageous course of liver regeneration. Blaha et al. (26) 
showed necessity of lipids for liver regeneration after PH 
which was significantly better in balanced enteral feeding 
in comparison with overfeeding. The rats fed by high cho-
lesterol diet had blocked the cholesterol absorption from 
intestine, and endogenous synthesis of cholesterol is not 
flexible enough (24, 25), which might be followed by decel-
eration of DNA liver synthesis. 

The negative effect of high cholesterol diet demon-
strated by the course of liver regeneration was expressed 
among others also by higher transaminase activities in 
CHOL groups (especially 18 hours after PH). The reason 
of this fact is not completely resolved. It may be problem 
originating from higher membrane fluidity (8), severe 
steatosis (2), or impaired ACAT-2-mediated protection of 
hepatocytes against free cholesterol toxicity (27). 

High cholesterol diet consumption in CHOL group 
leads to status with higher stores of cholesterol in the liv-
er. The rats of CHOL group had liver steatosis, in spite of 
that both diets (SLD and CHOL) had an identical content 
of non-steroid lipids (5% oil of corn). Therefore, the liver 
steatosis was the result of abundant intake of exogenous 
cholesterol only, and subsequent different triglyceride dis-
tribution. This is in agreement with previously reported 
rapid deposition of lipid droplets in the liver during a high 
cholesterol diet (2). The lipid accumulation in the liver re-
sults from an imbalance between hepatic fatty acid inflow, 
triglyceride synthesis and excretion (3).

In conclusion, the liver regeneration in rats after PH 
is negatively influenced by high cholesterol diet. PH pro-
duced preferential use of extrahepatic cholesterol by the 
liver through LDL receptor up-regulation. However, the 
uptake of cholesterol to liver was less effective in CHOL 
rats after PH following delayed liver regeneration. 
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Giant Uterine Leiomyoma in a Young Woman 
as an Incidental Finding After a Car Accident: 
a Case Report

Vladimír Bartoš1,*, Peter Korec2, Robert Ficek3

A B S T R AC T
Leiomyomas are the most common benign tumor of the uterus. Occasionally, they may reach an extreme dimension. The authors present 
a case of a 44-year old woman, who suffered a car accident as a driver of personal motor vehicle. At the hospital, a huge tumor mass filling 
the entire abdominopelvic cavity was incidentally detected. The patient admitted a progressive abdominal enlargement for the last 5 years. 
An urgent laparotomy was performed, during which a giant, well-demarcated tumor arising from the uterine body had been disclosed. It 
was completely surgically removed and sent for histopathology. Grossly, the tumor measured 30 × 30 × 20 cm in the largest diameters and 
weighed 8.1 kg. The tissue was markedly edematous with foci of massive hemorrhages and contained confluent pseudocystic formations 
of various sizes, filled with a fluid and fresh blood. Solid foci of rubber consistency were also visible. Microscopic examination revealed 
a conventional subserous uterine leiomyoma with marked regressive and degenerative changes. Giant uterine leiomyomas occur extremely 
rare, but because of the often unexpected finding and atypical presentation, they may represent a great diagnostic challenge for both, 
pathologists and clinicians. At the biopsy examination, a multiple-section sampling is very important to avoid the possibility of underlying 
malignancy.
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INTRODUCTION

Leiomyomas are the most common benign tumor of the 
uterus occuring in 30–50% of women between 30–50 
years of age (1). In biopsy practice, they are found in up 
to 75% of hysterectomy specimens when they are sys-
tematically search for (2). Multiple lesions are present in 
two-thirds of the women with these neoplasms. The eti-
opathogenesis is still unclear but it seems that hormonal 
stimulation by estrogen and possibly progesterone plays 
a key role (2). Based on location they are classified as intra-
mural (the most common form), submucosal and subsero-
sal (2). The size of leiomyomas may vary from diminutive 
to huge tumors. They are often asymptomatic, but larger 
lesions produce a  variety of clinical symptoms, such as 
dysmenorrhea, abnormal bleeding, pelvic dyscomfort or 
pain (2). On occasion, these tumors may reach an extreme 
size. The authors of the article present an unusual case of 
a giant uterine leiomyoma in a young woman that was in-
cidentally diagnosed after a car accident.

CASE PRESENTATION

A 44-year old woman suffered a car accident in the city 
street as a driver of personal motor vehicle. She was im-
mediately transported to the hospital by Emergency Res-
cue Service. During transport, the patient was conscious 
and communicated. A preliminary physical examination 
showed mild external injuries of the body (mainly contu-
sions of the thorax and abdomen). At the hospital, urgent 
computed tomography (CT) scan revealed fractures of 
sternum and the right ribs, contusions of the right lungs 
and the liver and hemoperitoneum. However, as an inci-
dental finding, a huge tumor mass filling the entire ab-
dominopelvic cavity was detected. It was inhomogeneous, 
containing multicystic and solid components. Grossly, 
a woman had visibly enlarged abdomen. The patient ad-
mitted a progressive abdominal enlargement for the last 5 
years, but she “had no time to visit the doctors”. An urgent 
laparotomy was performed, during which a giant, well-de-
marcated tumor arising from the uterine body had been 
disclosed (Figure 1). It grew expansively and compressed 
the intestines and visceral organs. No tumor implants on 
the omentum or visceral peritoneum were found. A gyne-
cologist was called ad hoc into the operating room to con-
sult the situation and further steps. The tumor was com-
pletely resected and sent for histopathology. Uterus and 
adnexa were retained in situ. As for traumatic injuries, 
surface laceration of the liver parenchyma was detected 
and sutured, as well as hemoperitoneum was evacuated. 
As the domain of our article is uterine neoplasm, in the 
next text, we focus on tumor aspects of the case. We only 
briefly mention, the car-accident related injuries did not 
have any serious consequences. Additionally it was found 
out, the patient was a nullipara, but she reported an abor-
tion 15 years ago.

MATERIAL AND METHODS

Macroscopically, the tumor had an irregular shape, it 
measured 30 × 30 × 20 cm in the largest diameters and 
weighed 8.1 kg. On the surface, it was smooth and had 
a  gray to gray-yelowish color with multiple small hem-
orrhages (Figure 2). Serial cut sections revealed very 
heterogeneous appearence, both of the structure and of 
the color (Figure 3). The tissue was markedly edematous 
with foci of massive hemorrhages and contained conflu-
ent pseudocystic formations of various sizes, filled with 
a fluid and fresh blood. Furher, solid foci of rubber con-
sistency and brown-yelowish color were also visible. Some 
of them were hard and calcified. Numerous tissue sections 
were taken, routinely processed in paraffin blocks (total 
of 45 blocks), stained with hematoxylin and eosin (H&E) 
and investigated in the light microscope. An immunohis-
tochemical analysis was also performed.

RESULTS

Histopathologic examination identified a  convention-
al subserous uterine leiomyoma with marked regressive 
changes, prominent edema with pseudocystic degenera-
tion and multifocal fresh hemorrhages. No hemosiderin 
pigment was detected. Well-preserved tumor tissue was 
found particularly at the periphery of lesion. It consisted 
of dense interlacing fascicles of smooth muscle cells with-
out a  nuclear pleomorphism or increased mitotic count 
(Figure 4). Some solid tumor areas showed an extensive 
hyalinisation and dystrophic calcification. Immunohisto-
chemically, the neoplastic cells were strongly positive for 
α-smooth muscle actin (clone 1A4, Dako), desmin (clone 
D33, Dako) (Figure 5) and h-caldesmon (clone h-CD, Dako). 
Proliferative activity (Ki-67, clone MM1, Leica) did not 
exceed 1%. No coagulative necroses were detected. There 
were not found any signs of malignancy. Five days after 
the first surgery, a laparotomy was repeated at the Depat-

Fig. 1 Giant tumor mass revealed at laparotomy.
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ment of Gynecology, during which a resection of the uter-
ine fundus containing a solitary intramural nodule (2.5 cm 
in the largest diameter) had been performed. Histological-
ly, this nodular lesion was a conventional leiomyoma. The 
patient was discharged from the hospital on the 15th day 
after the first operation. Since she come from another dis-
trict, at the time of writing this article we had not further 
informations about her.

DISCUSSION

Leiomyomas of the uterus belong to one of the most fre-
quent diagnosis in a routine gynecologic and pathologic 
practice. These tumors may often reach large size, but such 
huge lesions as presented in our article are exceedingly 
rare. Although there is no consensual criterium for the 
definition of “giant” uterine leiomyoma, we reviewed the 

recent papers publishing similar case reports using such 
terminology. They are briefly summarized in Table 1 (ref-
erences 3–14). According to these literature sources (in-
cluding our present case), the largest diameter of lesions 
ranged from 24.2 to 62 cm and a weight varied from 6.5 to 
28.1 kg. They occurred in women between 33–63 years of 
age (mean 45 years). The most common clinical symptoms 
were abdominal distention, abnormal uterine bleeding, lo-
cal pressure and pain. None of these cases was discovered 
as an incidental finding, which is a  great peculiarity of 
our report. The potential for uterine leiomyomas to grow 
to an extreme size without significant clinical difficulties 
is quite notable. This is likely due to the relatively large 
volume of the abdominal cavity, the distensibility of the 
abdominal wall and the slow growth rate of these tumors. 
Especially subserosal lesions may be asymptomatic for 
a long time and thus, they sometimes become very large 
before the patient becomes aware of them.

Fig. 2 Tumor after surgical removal (post fixation in formalin).

Fig. 4 Histomorphology of conventional leiomyoma (H&E, 
magnification 200×).

Fig. 5 Diffuse immunoreactivity of tumor for desmin (clone D33, 
magnification 200×).

Fig. 3 Transversal sections through tumor (post fixation in 
formalin).
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Tab. 1 A summary of recent case reports describing giant uterine leiomyomas.

References Age Tumor size Tumor weight
Moris et al. (2014) 39 years 62 × 39 × 21 cm 28.1 kg
Săvulescu et al. (2011) 45 years 33 × 28 × 22 cm 18.1 kg
Wroński (2014) 63 years 24.2 × 17.3 cm not available
Funaki et al. (2013) 31 years 40 × 40 × 30 cm 8 kg
Kalayci et al. (2015) 49 years 33 × 25 cm not available
Rahman et al. (2016) 46 years 43 × 32 × 23 cm 11.6 kg
Reshmy et al. (2015) 50 years 30 × 28 cm not available
Ramteke et al. (2016) 40 years 26 × 23 × 18 cm 6.5 kg
Aydin et al. (2013) 58 years 33 × 20 × 18 cm not available
Steward et al. (2011) 33 years 31 × 26 × 14 cm 11.6 kg 
Müller & Břeský (2016) 42 years > 30 cm 15.6 kg 
Rajender Prasad et al. (2015) 45 years 33 × 28 × 22 cm 20 kg
present case 44 years 35 × 30 × 20 cm 8.1 kg 

Larger uterine leiomyomas are frequently accompa-
nied by prominent regressive and degenerative changes. 
Hyaline fibrosis and edema of tumor tissue are the most 
common one and are observed in up to 60% and 50% of 
all microscopically investigated leiomyomas of the uter-
us, respectively (2). Approximatelly 10% of them displayes 
significant areas of hemorrhages (2). Pseudocystic degen-
eration occurs in about 4% of the cases (2) and it is usually 
extreme sequelae of edema. Dystrophic calcification may 
be found in 4% of all uterine leiomyomas (2), especially 
within fibrohyalinized regions. It is understandable, these 
changes become more prominent in huge tumors that have 
been growing for a long time. As a tumor progressively en-
larges, it outgrows its blood supply, resulting in various 
types of degeneration. As a result they may create hetero-
geneous or unusual microscopic appearances that contrib-
ute to diagnostic confusion.

In conclusion, giant uterine leiomyomas occur ex-
tremely rare, but because of the often unexpected find-
ing and atypical presentation, they may represent a great 
diagnostic challenge for both, pathologists and clinicians. 
At the biopsy examination, a multiple-section sampling is 
very important to avoid the possibility of underlying ma-
lignancy. A minimal sampling should include one tissue 
section per each 1 cm of tumor diameter. In our case, de-
spite numerous tissue specimens investigated, no histo-
logic features of malignancy were found.
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A Bilateral, Non-syndromic, Type III Second 
Branchial Arch Sinus in a Neonate:  
a Case Report

Ioannis Patoulias1, Evangelia Rachmani1, Konstantinos Farmakis1, Vasileios Rafailidis2, Maria Kalogirou3, 
Dimitrios Patoulias4,*

A B S T R AC T
The incidence of a second branchial arch sinus accounts for 26–60% of all existing congenital malformations deriving from the branchial 
apparatus. They are most usually detected between 14 months and 7 years of age, while their incidence during neonatal period and infancy 
accounts for 0.06% of all cases.
The aim of this case study is to emphasize three rare characteristic features: the manifestation during neonatal period, the bilateral 
localization and the ultrasonographic diagnostic documentation.
A 25 days old girl was admitted by her parents due to the presence of mucoid excretion from two small openings found on the neck. These 
openings were found bilaterally, between the mid and lower third of the anterior border of sternocleidomastoid muscle. Diagnosis was 
confirmed via ultrasonography. The patient underwent elective surgery during early infancy and both branchial fistulas were excised. 
Patient’s postoperative course was uneventful.
In conclusion:
–  in cases of a bilateral second branchial arch sinus, the branchio-oto-renal (BOR) or branchio-otic (BO) syndromes must be excluded;
–  ultrasound scan can be used for the thorough evaluation of the sinus anatomic course and the relationship with the adjacent anatomic 

structures;
–  rompt diagnosis and early therapeutic intervention, even during neonatal period, ensures an uneventful post-operation course.
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INTRODUCTION

“Branchia” is the Greek word for gill, and the same word 
describes the corresponding anatomic structures, due to 
their resemblance to fish gills. Branchial apparatus plays 
a vital role in the development of head and neck struc-
tures. Six paired branchial arches, develop from the 4th to 
the 6th fetal week. Each branchial arch consists of a mes-
enchymatous core covered externally by ectoderm and in-
ternally by endoderm (1).

The incidence of second branchial arch deformities 
accounts for 26–60% of all existing congenital malfor-
mations deriving from the branchial apparatus. They are 
most frequently detected between the 14th month and 
the 7th year of life, while their incidence during neona-
tal period and infancy accounts for 0.06% of all cases (2) 
Second branchial sinuses are the most common branchial 
anomalies (up to 97% of all second branchial apparatus 
anomalies) and they are usually found unilaterally (2, 3).

The aim of this case study is to emphasize four uncom-
mon features: the manifestation during neonatal period, 
the bilateral localization, the ultrasonographic diagnos-
tic documentation and the absence of branchio-oto-renal 
(BOR) syndrome features.

CASE REPORT

A 25 days old girl was admitted to our Department by her 
parents due to the presence of mucoid excretion from two 
small openings found on the neck. These openings were 
found bilaterally, between the mid and lower third of the an-
terior border of sternocleidomastoid muscle (Figures 1, 2).

Ultrasonography revealed the presence and anatomic 
course of two branchial sinuses, 1.2–1.3 mm in diameter. 
They were located subcutaneously, penetrating the platy-
sma, passing between the carotid bifurcations and leading 
to the peritonsillar fossa (Figure 3).

Preoperative evaluation did not reveal any abnormal-
ity, while familial predisposition was not documented. 
More specifically, in the context of thorough physical ex-
amination there were no distinctive features indicative of 
cranio-facial deformities or ocular abnormalities. ENT ex-
amination was also normal, without indications of hear-
ing loss. Ultrasonographic evaluation of the urinary tract 
did not reveal any pathology.

The patient then underwent elective surgery under 
general anaesthesia. The two branchial sinus tracts were 
initially catheterized with the use of a 4 Fr catheter. These 
were then used to lead in, while the sinus tract was dis-

 

	  Fig. 1, 2 External opening of the right (figure 1 – arrow) and left 
sinus (figure 2 – arrow), respectively.

 

	  Fig. 4–6 Notice the step by step meticulous dissection of the left branchial sinus.

 

 

 

Fig. 3 Ultrasonographic 
image of the right 
branchial sinus.
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sected through a step-ladder incision until the complete 
excision of each tract at the level of tonsillar fossa. A sec-
ond incision was not required. Traction of the leading 
catheter assisted to the better dissection of the branchial 
sinus (Figures 4–9).

Patient’s postoperative course was uneventful and she 
was discharged home the next day in good general condi-
tion. The excised specimens were subjected to histopatho-
logical examination, which showed that they were lined 
by squamous epithelium, while cartilage remnants and 
lymphoid tissue were found in the subepithelium. 

One year later, patient remains asymptomatic without 
indications of recurrence.

DISCUSSION

Anomalies of the second branchial arch can be found in 
the anterior-lateral surface of the neck along with the 
anterior border of the sternocleidomastoid muscle. Clas-
sification of second branchial apparatus sinuses is based 
upon their anatomic course and the relationship with the 
adjacent anatomic structures (Table 1). In this case report, 
we present a type III second branchial sinus (3).

After meticulous research of the relevant literature, 
there are less than 7 reports of second branchial sinuses 
found bilaterally, while 6 of them were associated with fa-
milial predisposition (4–8). Bilateral manifestation along 
with absence of familial predisposition were the two key 
points in our case.

Clinical manifestation of a  second branchial fistula 
during neonatal period is very rare, even when it mani-
fests unilaterally. After meticulous bibliographic research, 
we did not find another case of second branchial fistula 
diagnosed during neonatal period (9–13). Prasad and col-
leagues reported another case of remnant of the second 
branchial apparatus, which was diagnosed and surgically 
treated at the age of 5 months, without determination of 
the specific type of this anomaly (3).

Tab. 1 Classification of second branchial apparatus sinuses.

Type Characteristics
I Branchial sinus penetrates the platysma and ends to 

the deep cervical fascia
II Branchial sinus extends medially between the external 

and internal carotid artery
III Branchial fistula passes between carotid bifurcation, 

then penetrates the stylohyoid muscle and the poste-
rior surface of the digastric muscle towards ipsilateral 
pharynx to end up to the tonsillar fossa. Rarely, there 
are two complete openings. The sinus passes next to 
the glossopharyngeal and hypoglossal nerves, behind 
the stylohyoid ligament.

IV Branchial sinus passes between the carotid artery bifur-
cation and ends blindly. 

In the largest relevant retrospective study, Yang and 
colleagues report 28 cases of branchial apparatus anom-
alies that they encountered, while, only 5 of them (16.7%) 
derived from the second branchial apparatus. The youngest 
patient of their study group was 1 year old (14). Smith and 
Kielnovitch reported a case of a newborn with branchial 
cyst, remnant of second branchial apparatus (15).

In a retrospective study conducted by Maddalozzo and 
colleagues, including 28 cases in total, three patients (11%) 
had bilateral second branchial arch sinus. In two out of 
those three cases (66%) there were features indicative of 
BOR syndrome. Mutation of EYA1 gene is implicated as the 
commonest cause of BOR syndrome. In cases of this syn-
drome, hearing loss’s incidence reaches up to 90%, with 
the mixed type being the most prevalent. Hearing loss may 
progress during the course of life in 12.8% of all cases (12). 
There are also cases, in which no renal involvement is doc-
umented, thus it is called branchial-otic (BO) syndrome 
(16).

In terms of exclusion of BOR syndrome in our case, we 
used the criteria proposed by Chang and colleagues. Based 
upon those criteria, in order to establish the diagnosis, the 
patient must fulfill three major criteria or two major and 

 

 

	  

Fig. 7–9 Notice the step by step meticulous dissection of the right branchial sinus, passing between the carotid bifurcation. Figure 8 depicts 
the internal jugular vein and under this, the internal carotid artery (arrow)
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two minor criteria, when there is no familial predispo-
sition. Our patient fulfilled only one major criterion, the 
presence of bilateral second branchial arch anomalies, 
with no minor criteria. Thus, the clinical diagnosis of BOR 
syndrome was excluded. After that, we did not consider 
as necessary the performance of genetic testing in our pa-
tient (17).

Determination of the anatomic course of a  second 
branchial sinus constitutes the basis for safe and success-
ful treatment. Most frequently used methods for this aim 
are: a) conduction of fistulogram preoperatively and b) 
intraoperative injection of blue de methylene via the ex-
ternal opening of the sinus (1–3).

However, Prasad et al., in their series consisting of 17 
cases of second branchial sinus, documented the anatomic 
course via ultrasonography in 9 patients (3). In our case, 
ultrasonography contributed crucially to the preoperative 
determination of the anatomic course of the sinuses.

There is indication of surgical excision of second 
branchial sinus early after diagnostic documentation. Ma-
jor risks are: suppuration development of solid adhesions 
that lead to laborious and unsafe surgical excision, due to 
the adjacency to major vessels and hypoglossal nerve. An-
other main risk that must be avoided in clinical practice 
is the possible development of branchial carcinoma in the 
future (3). Alternative treatment methods such as endo-
scopic electro-coagulation and chemical cauterization are 
considered as unsafe in pediatric population (18).
In conclusion:
–  in cases of a bilateral second branchial arch sinus, the 

branchio-oto-renal (BOR) or branchio-otic (BO) syn-
dromes must be excluded;

–  ultrasound scan can be used for the thorough evalua-
tion of the sinus anatomic course and the relationship 
with the adjacent anatomic structures;

–  prompt diagnosis and early therapeutic intervention, 
even during neonatal period, ensures an uneventful 
post-operation course.
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Fountain’s Sign as a Diagnostic Key  
in Acute Idiopathic Scrotal Edema:  
Case Report and Review of the Literature

Dimitrios Patoulias1,*, Vasileios Rafailidis2, Thomas Feidantsis3, Maria Kalogirou4, Dimitrios Rafailidis5, 
Ioannis Patoulias3

A B S T R AC T
The acute idiopathic scrotal edema (AISE) is a self-limited disease of unknown etiology, characterized by edema and erythema of the 
scrotum and the dartos, without expansion to the underlying layers of scrotum’s wall or to the endoscrotal structures. Boys younger than 
10 years old are usually involved in 60–90% of all cases. Diagnosis is made after exclusion of other causes of acute scrotum.
We present a case of a 7-year old boy, who was admitted to the Emergency Department due to development of scrotal edema and 
erythema over the last 48 hours, which extended to the base of the penis. The patient mentioned that he first noticed the erythema on 
the anterior surface of the right hemiscrotum, which gradually extended. Physical examination did not reveal presence of pathology 
involving the endoscrotal structures, indicative of need for urgent surgical intervention. Transillumination was negative for blue dot sign. 
Ultrasonographic examination of the scrotum documented the homogeneity of the testicular parenchyma, while color Doppler revealed 
the presence of fountain’s sign (equal arterial blood supply to both testicles). Conservative strategy was followed and the patient gradually 
improved within the next three days.
In conclusion, meticulous physical examination along with ultrasonographic examination of the suffering scrotum, especially with the 
highlighting of fountain’s sign with color Doppler, document the diagnosis of AISE. Thus, need for urgent surgical investigation of the 
suffering scrotum due to diagnostic doubt is limited.
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INTRODUCTION

Of all the clinical entities that come under the term “acute 
painful scrotum” in childhood, 2.3% of those cases are at-
tributed to AISE (1, 2). The age distribution of clinical man-
ifestation of acute scrotal edema ranges from 5 to 11 years. 
In 60–90% of all cases, AISE manifests in boys 10 years old 
or less (1).

It is a self-limited disease of unknown etiology, char-
acterized by edema and erythema of the scrotum and the 
dartos, without expansion to the underlying layers of 
scrotum’s wall or to the endoscrotal structures. Typically, 
it starts from the groin or the perineum with rapid expan-
sion to the scrotum (2).

Aim of the present case study is to make a suggestion 
regarding the need for substantial modification of diag-
nostic approach in potential cases of AISE. In other words, 
diagnostic documentation should not be made on the basis 
of exclusion, but with the highlighting the crucial role of 
fountain’s sign as a diagnostic key.

CASE DESCRIPTION

A 7-year old boy was admitted to the Emergency Depart-
ment, due to development of scrotal edema and erythema 
over the last 48 hours, which extended to the base of the 
penis. The patient noticed that the erythema started from 
the anterior surface of the right hemiscrotum and gradu-
ally extended to the whole anterior surface of the scrotum 
and to the penile basis (Figure 1). 

Meticulous physical examination did not reveal find-
ings indicative of pathology of endoscrotal structures. 
Both testicles were of equal size, painless and orthotopic, 
with vertical orientation and normal turgidity. The patient 
complained for pain during the palpation of the right tes-
ticle, however, this was not a stable finding. Cremaster-
ic muscle reflex was produced bilaterally. Palpation of 
epididymis was painless bilaterally, without observation 

Fig. 1 Notice the erythema and the edema on the anterior surface 
of the right hemiscrotum, which gradually involved the anterior 
surface of the entire scrotum.

Fig. 2 Fountain’s sign, as depicted in color Doppler examination in 
our case.

of edema, while Prehn’s sign was negative. Blue dot sign 
also turned out negative during transillumination.

Ultrasonographic examination of the suffering scro-
tum followed and revealed the homogeneity of the testic-
ular parenchyma, while we also measured the thickness 
of the scrotal wall, which was 7.2 mm. Color Doppler doc-
umented the equal arterial blood supply to both testicles, 
finding consistent with fountain’s sign (Figure 2). 

As there was no clinical or imaging indication of sur-
gical investigation of the suffering scrotum, we decided 
to treat our patient conservatively. He actually improved 
within the next three days after admission. He was dis-
charged home after the 3rd day of hospitalization in good 
general condition. The patient was re-examined as an out-
patient 10 and 20 days after admission, without evidence, 
both clinical and ultrasonographic, of pathology involving 
the endoscrotal structures. 

DISCUSSION

The etiology of AISE is currently unknown, although cer-
tain situations have occasionally been implicated in the 
pathogenesis of this entity, such as:
1.  The cellulitis, that extends from the perianal region to 

the scrotum. This approach lacks, because, on the one 
hand, the cultures received from the region are usual-
ly negative, and on the other hand, the AISE is mainly 
self-limited without therapeutic intervention.

2.  The bites caused by insects.
3.  An injury.
4.  The urine loss, which causes aseptic inflammatory re-

sponse in the area, expanding to the scrotum.
5.  The allergy. It is considered as the most likely cause; 

based on the fact that eosinophilia is found in more 
than 40% of all AISE cases, while these patients also 
suffer from diseases such as asthma, eczema or contact 
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dermatitis. Besides, there is evidence that medication 
with antihistamines contributes to the recession of the 
symptoms. Thus, it is believed that AISE is a  clinical 
manifestation of angioedema (3, 4).

6.  The acute Epstein-Barr viral (EBV) infection (5).
These patients usually do not complain of accompany-

ing symptoms. They can rarely mention indistinct discom-
fort in the suffering scrotum. Rarely, itchiness precedes 
edema. Generally, scrotal edema is the first clinical man-
ifestation; it develops suddenly and is accompanied with 
diffuse erythema in the affected area. AISE spreads rap-
idly, within a few hours. Edema most often begins unilat-
erally (L/R = 1), but it progressively extends to the whole 
scrotum. Erythema expands to the groin (67% of all cases), 
the perineum (42%), the penis (20%) or to the suprapu-
bic region. Edema and erythema are the major clinical 
manifestations of AISE, while local pain coexists in 80% 
of all cases. The duration of the above mentioned clinical 
manifestations usually ranges from 6 to 72 hours (average 
14 hours) (1, 2). Soon begins the recession of edema and er-
ythema, which is usually complete within 48 hours, with-
out residual signs. In 21% of all cases, AISE recurs from 
1 to 3 times, without complication. Relapse occurs several 
months or even years after the prior event.

Regarding differential diagnosis based upon physical 
examination, pathognomonic clinical signs in cases of 
testicular torsion are the absence of cremasteric muscle 
reflex and the high position of the testicle. In cases of ap-
pendiceal torsion, localized tenderness and pain during 
palpation of the upper pole of the suffering testicle and 
positive blue dot sign in transillumination of the suffer-
ing hemiscrotum are pathognomonic (1, 2, 6). Finally, in 
acute epididymitis, pain during palpation of the suffering 
epididymis, along with the presence of edema, are typical.

Major imaging modality is color Doppler, as it contrib-
utes substantially to the exclusion or confirmation of oth-
er main causes of acute scrotum – most significantly, of 
those requiring urgent surgical intervention, soon after 
diagnosis –, and to the diagnostic documentation of AISE, 
with the highlighting of pathognomonic findings, includ-
ing fountain’s sign (7–10).

Exclusion of the testicular torsion can be made accu-
rately, after conduction of high resolution ultrasound im-
aging with the use of frequencies 10–12 MHz: basic indica-
tion of testicular torsion is the observation of rotations of 
the spermatic cord (snail-shell shaped mass), and not the 
disruption of the testicular circulation (11). High resolu-
tion ultrasound features 96% sensitivity, while color Dop-
pler ultrasound is inferior, with 76% sensitivity (11, 12).

After performing cross sections, the homogenous 
thickening of the scrotal wall is documented, ranging 
from 3.4 to 13.4 mm (average 7.7–11.2 mm), as in our case. 
A second pathognomonic finding is the increased vascu-
larization of the scrotal wall, which is not always helpful 
in pediatric population (10, 13).

Blood supply to the scrotum is ensured by the anteri-
or and posterior scrotal artery, which originate from deep 
branches of the internal and external pudendal artery. De-
piction of those vascular branches in cross sections, along 
with observation of the scrotal hyperemia, constitutes the 
characteristic fountain’s sign (7, 8, 14, 16). Other potential 

ultrasonographic findings are the development of reactive 
hydrocele, which occurs in 20% of all AISE cases, and the 
presence of swollen and hyperemic inguinal lymph nodes 
(1). None of the aforementioned findings was observed in 
our case.

CONCLUSION

Formerly, diagnosis of AISE was made via the exclusion of 
other causes of acute painful scrotum. Meticulous physical 
examination by the pediatric surgeon with precise inter-
pretation of the clinical findings, along with the depiction 
of pathognomonic signs in color Doppler, and especially 
of fountain’s  sign, are crucial for the correct diagnosis. 
Thus, the necessity of urgent surgical investigation of the 
suffering scrotum due to diagnostic doubt – especially for 
the documentation or exclusion of testicular torsion – is 
significantly restricted.
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