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Abstract
The fungus Inonotus obliquus, referred to as “Chaga,” has been used 

as a folk medicine since the 16th century. This fungus is endemic from 
40°N to 68°N latitudes and is often found on white birch trees. Water 
decoctions and alcohol tinctures of Chaga have been reported to cure 
ailments such as cancer and tuberculosis. Recent studies have revealed 
biologically active compounds in Chaga that show genoprotective and 
antimutagenic activities. We are examining ethanol extracts of Chaga 
for evidence of bioactive effects on cultured human cells that could 
eventually suggest lead compounds for cancer therapy.  Our analyses 
involved examination of treated cells for evidence of alterations in 
telomere labeling and changes to cell cycle distribution. Results from 
our investigation indicate cultured human cells exposed to Chaga 
extract demonstrate reversible suppression of cell division with 
attendant blockade of the cell cycle at the G1 checkpoint. These results 
indicate Chaga extract may contain compounds with characteristics 
desirable for treatment of certain kinds of cancer in humans.  
Keywords: Chaga, telomere, cell culture, cell cycle, flow cytometry

Introduction
The use of natural products as a source of medicinal agents is 

well documented (Katiyar, Gupta, Kanjilal, & Katiyar, 2012; Cragg, 
Katz, Newman, & Rosenthal, 2012).  Interest in natural bioactive 
compounds from plants and fungi is driven in part by readily available 
material, sustainability, diverse molecular repertoires, and potential 
to modulate physiological processes in tissues and cells. Inonotus 
obliquus is a filamentous white rot fungus in the phylum Basidiomycota, 
and a member of the “bracket” or “shelf fungi”. The organism is 
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commonly referred to as “Chaga” fungus; the name derived from the 
Russian word czaga, or mushroom. Chaga has been investigated since 
the 16th century for its potential as a source of medicinal agents.

Growth of the Chaga fungus within live birch trees in northern 
latitudes results in formation of dark structures of up to several 
kilograms in size. These growths, which erupt out the sides of infected 
trees, are called sclerotial conks. These mycelial masses take many 
years to form, precluding naturally grown Chaga as a viable source 
of the relevant bioactive compounds. Efforts toward cultivation 
of the fungus in an agricultural practice have not been productive, 
though studies using submerged culture methods in the presence 
of various abiotic antagonists have positioned Inonotus obliquus 
for continued opportunities in drug discovery (Zheng et al., 2010).  

A variety of compounds contained in Chaga extracts have been 
reported to reduce ailments in humans. Both aqueous decoctions and 
alcohol-based tinctures of Chaga have been reported to reduce illness 
caused by inflammatory (Mishra, Kang, Kim, Oh, & Kim, 2012; Joo, 
Kim, & Yun, 2010), immune dysregulation (Harikrishnan, Balasundaram, 
& Heo, 2012; Ko, Jin, & Pyo, 2011), and neoplastic (Lemieszek et al., 
2011; Sun et al., 2011) disorders. One advantage of Chaga extract is 
that it is reported to have relatively few toxic side effects in humans.

The telomeric region of chromosomes is a hexameric nucleotide 
sequence repeat, T2AG3, that varies from 5k to 20k base pairs in most 
normal human somatic cells. Telomeres form a protective cap at the ends 
of chromosomes which function as a non-coding DNA buffer against 
chromatid attrition during DNA synthesis. Telomeres shorten with each 
cell division, leading to senescence or apoptosis; ultimately limiting the 
lifespan of cells. This process is implicated in aging and some cancers. A 
recent claim to the benefits of Chaga extract is the ability to slow cancer 
progression in mammalian tissue (Lemieszek et al., 2011). Since some 
cancers result from abnormal erosion of chromosome telomeres (Pereira 
& Ferreira, 2013); we hypothesized Chaga extract would help maintain 
telomere length in cultured human cells.  The length of telomeres can 
be evaluated using peptide nucleic acid (PNA) probes analyzed by flow 
cytometry, and this approach has enabled evaluation of human cells for 
evidence of dysregulation or damage (Ilyenko, Lyaskivska, & Bazyka, 
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2011).  An alternative hypothesis in our study was that a possible 
antineoplastic effect of the Chaga extract was due to reinforcing p53 
protein function that regulates the G1 cell cycle checkpoint, a protective 
mechanism that is frequently flawed in cancerous cells (Eastman, 2004).

In the current study, we compared cultured human cell lines 
with and without exposure to Chaga extract for evidence of 
pharmacologic effect. We report a refined method for examining 
cell nuclei and telomere labeling, in which background labeling due 
to autofluorescence is reduced. Our results also show reproducible 
growth suppression in two types of human tissue culture cells 
following exposure to extract. Exposure of cultured human HFF-1 
cells to the Chaga extract results in growth suppression without loss 
of cell regenerative capacity. Using cultured A549 cells, we associated 
abrogated cell growth to reduction of cells entering S phase of cell 
cycle, presumably due to arrest at the G1 checkpoint. Our data warrant 
further investigation into possible antineoplastic cell attenuation, 
owing to bioactive compounds present in the Chaga fungus. 

Materials and Methods
Cell culture: Human foreskin fibroblast cells (HFF-1) and A549 

adenocarcinomic human alveolar basal epithelial cells were obtained 
from ATCC and cultured in Dulbecco’s modification of Eagle’s 
medium (DMEM) supplemented with 10% fetal bovine serum 
containing 100 IU/ml penicillin and 100 µg/ml streptomycin. Extract 
(see preparation of extract below) was added to the same medium at 
a concentrations indicated, vortexed for 10 seconds, then placed in 
a 37°C water bath for 30 minutes to ensure maximum dissolution. 
The warm medium containing extract was passed through a 0.2 µm 
acetate filter (Cole-Parmer) prior to use. Cultures of the cells were 
incubated at 37oC and an atmosphere of 5% CO2 until cells were 
80-90% confluent. Cells to be examined were first washed in sterile 
phosphate buffered saline (PBS, 145 mM NaCl, 13 mM Na2HPO4, 
3 mM KCl, 2 mM KH2PO4, pH of 7.4), liberated from the culture 
container using 0.25% trypsin-EDTA for 3 minutes, then resuspended 
with a ten-fold volume of DMEM. Samples of cells were then 
seeded to new T25 flasks and incubated 24 hours before the Chaga 
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media with was introduced (0.8 mg/ml DMEM). Cell viabilities 
were examined periodically using trypan blue (0.4%) exclusion. 

Animal handling: Murine splenocytes were utilized to assist in 
characterization of PNA labeling and to provide a comparison to the 
cultured HFF-1 cells described below. Mice were kept in specific 
pathogen-free housing in the rodent facility at UW-Stout, and all 
manipulations were approved by the Institutional Animal Care and 
Use Committee (IACUC). Mice were housed in microisolator cages 
in an environment of filtered air, given autoclaved food ad libitum and 
used at 8 to 20 weeks of age. Mice were euthanized by inhalation of 
isofluorane, a pneumothorax was created, and spleens were removed 
to provide a source of splenocytes. Cell preparations were obtained 
by macerating the spleen in PBS, straining cell/PBS solution through 
a 40µM nylon filter, red blood cells were removed by hypotonic lysis, 
washed 2X in PBS, and stored for less than 24 hours at 4°C until use.  

Nuclear Isolation of HFF-1 cells: 1 X 106 intact HFF-1 cells were 
suspended in ice cold extraction buffer (1.5% Triton X-100, 320 mM 
sucrose, 10 mM HEPES, 5 mM magnesium chloride, pH of 7.4), 
then vortexed for 10 seconds and placed on ice for 10 minutes. Cell/
buffer solution was centrifuged at 2000 x g for 8 minutes at 4oC. The 
supernatant was decanted and the particles were resuspended in ice 
cold extraction buffer without Triton X-100 and centrifuged at 2000 x 
g for 6 minutes (this wash step was repeated once more). The isolated 
nuclei were suspend in PBS and centrifuged at 400 x g and fixed in 
80% methanol 20% dH2O. Nuclei were then stored at -20°C until use.

PNA probe hybridization: PNA FISH (peptide nucleic acid 
fluorescent in situ hybridization) of mouse splenocytes or HHF-
1 methanol-fixed nuclei was carried out after resuspending 5 X 
105 cells/nuclei in hybridization buffer (75% formamide, 1% 
BSA, 20 mM Tris-HCl pH 7.2, 20 mM NaCl, 52 nM PNA probe).  
Hybridization reactions were carried out in 1.5 ml tubes with a 
final reaction volume of 300 µl. Nuclei were heated to 80°C for 10 
minutes as previously reported (Kapoor & Telford, 2004) and the 
18 mer (C3TA2)3 AlexaFluor488 conjugated PNA probe (PNA Bio, 
Thousand Oaks, CA) were allowed to hybridize with the G-rich 
strands of the telomeric repeats overnight at room temperature 
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in the dark. After hybridization, two separate stringency washes 
were performed in PBS in the presence of 0.1% BSA. DNA was 
counterstained with 50 ng/ml propidium iodide in PBS and 10 µg/
ml RNase A for two hours to reduce background fluorescence.

Preparation of aqueous/alcoholic extract from Chaga fungus: 
Chaga sclerotia were collected from birch trees in the Clam Lake area 
of the Chequamegon-Nicolet National Forest in northern Wisconsin. 
The sclerotia were placed on the bottom of an upturned 4 meter long 
AeroCraft aluminum canoe and allowed to dry in the sun for one week. 
One large sclerotia was selected, cut into smaller pieces, and was 
subsequently reduced to the consistency of coarsely-ground coffee in 
a Waring commercial blender. Twenty-five grams of ground sclerotia 
were added to 400 ml 80% ethanol in a glass screw top bottle with 
constant stirring for 24 hours. The insoluble material was then allowed 
to settle. The liquid was decanted through several layers of cheese 
cloth and desiccated on a lyophilizer. The lyophilized extract was 
scraped from the glass lyophilizer vessel and stored at 4°C until use. 

Flow cytometry: All flow cytometry measurements were 
performed on a Millipore Guava EasyCyte 5 flow cytometer and data 
were analyzed using Millipore InCyte ver. 2.2.3 software. Single 
cells (or in some experiments single nuclei) were discriminated from 
multiples using the parameters of red fluorescence area (log) versus red 
fluorescence (log). Single cells or nuclei were gated and used for further 
analysis by histogram showing mean red fluorescence intensity. PNA 
labeling was evaluated through mean fluorescence intensity in the green 
signal channel. Cell cycle analysis was performed following fixation 
in 80% ice cold methanol, 2X PBS wash and staining of nuclear DNA 
in PBS containing 10 µg/ml propidium iodide and 10 µg/ml RNase A.

Microscopy: Microscopic examinations were performed to validate 
the flow cytometry signal on a Zeiss Axioscope 2-Plus microscope 
and imaging system using Zeiss Axoivision version 4.4 software.

  
Results and Discussion

Recent studies indicate mammalian cells are normally protected 
from cancerous cell transformation in part through several tumor 
suppressor proteins such as p53, as well as by maintenance of telomere 
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length and reduced telomerase activity (Aslan et al., 2012; Skinner et 
al., 2012; Muraki, Nyhan, Han, & Murnane, 2012; Hao et al., 2013). 
Using the molecular and cell culture methods we have outlined, 
telomere length can be evaluated to determine states of health and 
disease, especially in cells grown in tissue culture (Oeseburg, de Boer, 
van Gilst, & van der, 2010; Blackburn, 2000), or in cells exposed to 
desired experimental conditions. Our study sought to investigate the 
presence of any genoprotective effect of Chaga extract (Chen et al., 
2010) first on the noncancerous primary human HFF-1 cell line, and 
then for suppression of growth of cancerous A549 cells. To carry out 
this study, we pursued three independent avenues of investigation: 1) to 
establish protocols for Chaga extract preparation, 2) to use the extract 
to treat cultured human noncancerous cells for changes in telomere 
labeling by the PNA probe, and 3) to examine cancerous cells following 
extract treatment for observable changes to cell cycle distributions, 
consistent with that seen after treatment using anticancer drugs. 

Ethanol-based extraction of the Chaga sclerotia was chosen 
as a reference in this study to which subsequent analyses could be 
compared. Crude extracts contain mixtures of compounds which offer 
an opportunity to screen potentially large numbers of molecules within 
a single sample. The alcoholic/aqueous extraction method was chosen 
owing to the diversity of compounds solubilized in this fraction. 
Many of the compounds present in this fraction have significant 
antioxidant activity and were thought to be a good starting point in 
investigating the effect on telomere attrition in vitro (Cui Et al., 2003). 

The material produced by this method yielded an amber-
colored tincture. When lyophilized to remove water and ethanol, 
the extract showed a waxy consistency, which was partially soluble 
in the water-based DMEM. It is possible that concentrations of 
compounds in the Chaga extract used in this study were higher 
than could be expected to result in the body following consumption 
of the liquid as a beverage. It is also possible that hot water-based 
decoctions rather than alcohol-based tinctures would provide 
contrasting effects on cells in the conditions we examined.

HFF-1 and A549 cells are two types of human cultured cells used 
for our studies. The HFF-1 noncancerous cell line was chosen for 
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analysis since telomeres of these cells are not perturbed by genetic 
instability associated with cancer. A549 human cells are cancerous and 
were therefore used to examine Chaga extract for possible changes to 
growth dynamics that could suggest potential anticancer compounds.

Following hybridization of the telomere specific PNA probe 
and analysis of the HFF-1 cells, we observed a consistently high 
(green fluorescent) background signal by flow cytometry that 
was not significantly increased in cells hybridized with the probe. 
Microscopic examination of the cells both with and without 
exposure to the PNA probe revealed diffuse nuclear staining 
and nonspecific signal in cytoplasmic regions of the cell. The 
nonspecific labeling and autofluorescence masked specific PNA 
labeling of telomeres, complicating further analyses of this cell type.

Figure 1
 

Figure 1: Telomere labeling in whole HFF-1 cells. A) Flow 
cytometry analysis shows mock control cells in blue and 
PNA-hybridized cells in pink, with overlapping signal in 
regions R1 and R2. The mean fluorescence intensity values 
for the cells are 7.7 and 12.1, respectively. B) The 
photomicrograph on the right shows a single whole HFF-1 
cell hybridized with PNA probe. The image identifies an 
autofluorescent granule (white arrow) and diffuse staining in 
the nucleus.  

A                    B 

Mouse splenocytes have been reported to show specific telomere 
labeling by PNA probe (Hande, Lansdorp, & Natarajan, 1998), we 
therefore validated the protocol on this cell type. Flow cytometric 
analysis of fresh mouse splenocytes showed a clear difference between 
cells exposed to the PNA probe and mock controls. Specificity of 
the signal in this case is due to the binding of the sequence-specific 
probe to telomeric repeats, and the green fluorescence represents 
the contribution of the AlexaFluor488-conjugated PNA probes.  
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When examined by microscopy, the murine splenocytes exposed 
to the probe showed strong intranuclear punctate staining, further 
substantiating probe fidelity. A limited supply of these cells and the 
inability to maintain freshly-harvested cells in culture for several 
days precluded using this cell source as a mainstay for our study.

Figure 2

Figure 2: Telomere labeling in whole murine 
splenocytes. A) Flow cytometry analysis shows baseline 
separation of mock control cells in blue and PNA-
hybridized cells in pink, with mean fluorescence intensity 
values of 1.2 and 17.2, respectively. B) A photomicrograph 
of a single whole splenocyte hybridized with PNA probe is 
shown on the right. The punctate green nuclear staining 
identifies telomeres.  

A                    B 

Figure 3

Figure 3: Telomere labeling in purified HFF-1 cell 
nuclei. A) Flow cytometry analysis shows signal from 
mock control nuclei in blue and PNA-hybridized nuclei 
in pink. The mean fluorescence intensity values of R1 
and R2 regions are 2.6 and 45.6, respectively. B) A 
photomicrograph of a representative HFF-1 nucleus 
hybridized with probe is shown on the right (DIC/green 
fluorescence overlay).  

A                    B 
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To enable the use of HFF-1 cells in telomere measurement studies, 
we isolated intact nuclei (Wieser et al., 2006) to avoid autofluorescent 
components to the cytosol. When HFF-1 nuclei were extracted and 
hybridized with the PNA probe, a clear increase in signal was observed 
by flow cytometry relative to mock controls. Examination of cell nuclei 
by fluorescence microscopy confirmed punctate staining by the PNA 
probe and only modest autofluorescence. Our results support the notion 
that nuclear isolation significantly reduced problems associated with 
nonspecific labeling by PNA probe. Our results further support the utility 
of using HFF-1 cells as a system for telomere labeling, though we were 
unable to observe significant changes in telomere length in cells exposed 
to Chaga extract due to an antiproliferative effect (data not shown).

Figure 4

Figure 4: Cultured HFF-1 cells show growth inhibition due 
to exposure to Chaga extract. Cells were grown in DMEM 
alone (white bars) or in DMEM containing 0.8 mg/ml dried 
extract. The inhibitory effect of the extract growth effect was 
observed for three contiguous passages. Values reported reflect 
percent cell confluency 4 days following each passage. One-
way ANOVA analysis show significant P <0.03 differences 
between mock and extract treatment groups.  

Cultured HFF-1 cells were exposed to 0.8 mg/ml Chaga extract 
or medium without extract for three days, at which time the control 
cells were ready for passage. At this time the cell monolayers (both 
with and without exposure to extract) were evaluated and scored for 
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percent confluency. Following passage, cells were allowed 24 hours 
in extract-free DMEM. Three serial passages (1:4 split) were carried 
out with consecutive extract treatments and monolayer confluency 
measurements were recorded at the time of each passage. The Chaga 
extract showed a time-dependent antiproliferative effect on the cells. We 
observed the same effect when HFF-1 cells were exposed to a reduced 
concentration (0.2 mg/ml) of extract and that the growth-inhibitory 
effect observed under either concentration was abolished when treated 
cells were returned to medium without extract (data not shown). 

Cancerous A549 human cells were used to further characterize 
the antiproliferative effect of Chaga extract on cultured cells. This 
experiment was carried out to examine the possibility that the 
inhibitory effect of the extract on cell proliferation could produce 
changes in cancerous cells that reduced cell growth by restricting 
cells from passing gap checkpoints in the cell cycle. A549 cells were 
exposed to a range of extract concentrations then permeabilized and 
stained with propidium iodide to quantify the percentage of cells in 
G1, S, and G2/M phase. Our results support a concentration-dependent 
suppression of S phase in A549 cells when exposed to Chaga 
extract. The relevant region of the DNA staining profile of cells that 
corresponds to the S phase (R3) is represented in the Figure 5 inset.  

Figure 5 

Figure 5: Cultured A549 cells show concentration-dependent 
inhibition of cell cycle S phase following 48 h exposure to 
Chaga extract. Measurements reflect percent of cells in S 
phase identified using 10 µg/ml propidium iodide by flow 
cytometry. Cells were grown in DMEM alone (0.00  extract 
concentration) or in the concentrations of extract indicated. The 
inset depicts a representative S phase region (R3) of cells grown 
in 1.5 mg/ml extract. One-way ANOVA shows significant 
differences  in S phase values as a function of extract 
concentration (P <0.001).  
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Our result of S phase suppression is consistent with the G1 checkpoint 
augmentation, a strategy frequently used in antineoplastic drug therapy 
(Eastman, 2004).

Paradoxically, the concentration-dependent decrease in S phase 
cells was accompanied by a concentration independent fluctuation 
of cells in G2/M phase (data not shown). It would be expected 
that with a decrease in the percentage of cells proceeding through 
the cell cycle, there would be a decrease in the percentage of 
cells in G2/M phase. The effect was most apparent at the highest 
concentration of extract, 1.5 mg/ml. These data may suggest a 
possible antimitotic effect of the extract, allowing cells to proceed 
through S phase, but halting cell cycle progression in G2/M.

In summary, our study revealed antiproliferative effects of Chaga 
extract on cultured human cells. It showed utility in examining cell 
nuclear fractions for telomere analysis, though was unable to show 
alterations in telomere truncation over serial subcultures of cells 
exposed to the extract. The study provided evidence that the extract 
exerts reversible growth suppression in HFF-1 human cells and 
analysis of human A549 cells. Our data further linked the inhibition 
of cancerous cell growth to suppression of cell cycle S phase.  Taken 
together, our results suggest the antiproliferative outcome of Chaga 
extract could represent a desirable pharmacological effect though 
suppression of cancer cells without lasting toxicity to normal cells. 
Further studies are needed to validate this possibility, and to identify 
the specific compounds of the extract responsible for these effects.
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