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Abstract

In north-eastern Thailand, there are many varieties of mushrooms that the local
people consume in high quantities annually; some of which are used for medicinal
purposes. The local people use them for treatment by boiling with water and drinking
the liquor, while some people finely grate the mushrooms, mould them into a bolus
and eat it like a tablet as an anti-cancer and anti-diabetic treatment. In the present
study, the compounds from three mushrooms P. everhartii, P. laevigatus and F.
cajanderi were extracted with ethanol and biological evaluation such as anti-cancer,
anti-Alzheimers, anti-microbial and anti-inflammatory activity carried out.

An ethanol crude extract of F. cajanderi showed cytotoxicity against ovarian
carcinoma (A2780), prostate carcinoma (LNCap) and breast carcinoma (ZR75-1)
with 1C50 of 149.70 pg/ml, 125.60 pg/ml and more than 150 pg/ml, respectively.
While EtOH crude extracts of P. everhartii and P. laevigatus showed cytotoxicity
against LNCap at IC50 80.46 pg/ml and 125.90 pg/ml, respectively and against
ZR75-1 at 1C50 of more than 150 pg/ml. An ethanol crude extract of F. cajanderi
showed antimicrobial activity against three gram-positive bacteria (Bacillus subtillis,
Staphylococcus aureus, and Listeria monocytogenes) and one gram-negative strain
(Pseudomonas aeruginosa) at a concentration of 1 mg/ml. Three ethanol crude
extracts of mushroom F. cajanderi, P. everhartii and P. laevigatus showed anti-
inflammatory activity in THP-1 cells stimulated with lipopolysaccharide at

concentrations of 31.25ug/ml, 7.81ug/ml and 1.76pg/ml, respectively.

In terms of compound elucidation, 7-methoxyindole-3-carboxylic acid methyl ester,
an alkaloid compound, was isolated for the first time from P. everhartii and an ester
of malonic acid of a lanostanoid type triterpene was isolated for the first time from F.
cajanderi. The pure compound 7-methoxyindole-3-carboxylic acid methyl ester
purchased (P) from a commercial source and extracted (E) of P. everhartii showed
significant anti-inflammatory activity at concentrations of 20 pg/ml and 30 pg/ml in
THP-1 cells and at a concentration of 30 pg/ml in NCTC cells. The highest
percentage of acetylcholinesterase inhibitory activity was 70% at 150 ug/ml for P
and E.



All six genes (Ccl2, Cxcl10, Cxcl13, Tnfsf10, 116, and Tnf-a) showed down-
regulation in all samples. RNA-Seq of P and E showed the cytokine-cytokine
receptor interaction pathway was affected in almost all treatment samples. RT-gPCR
showed that 7NFa, 1L6 and CCL2 were up-regulated in three samples (sample E 10
pg/ml, sample E 30 ug/ml and sample P 30 pg/ml) with a 1-2 fold increase and
CXCL13, CXCL10 and TNFS10 showed down-regulation with a 1-2 fold change.

These findings suggest that 7-methoxyindole-3-carboxylic acid methyl ester from P.
everhartii could be developed as a potential anti-inflammatory therapy in the future
according to the in vitro results. The ethanol crude extract from F. cajanderi could be

considered for further anti-cancer and anti-microbial study.
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Chapter 1 Introduction



1.1 Research Background

The background to the research carried out in the present project, relates to work previously
carried out at the Thailand Institute of Scientific and Technological Research (TISTR),
Thailand. TISTR is devoted to collection, preservation and distribution of microorganisms in
Thailand. One project was carried out between Mahasarakam University (MSU) and TISTR.
MSU set up the Natural Medicinal Mushroom Museum which houses a collection of
information about medicinal mushrooms in order for the data to be used to develop new
medicines for curing diseases. From the collaboration between MSU and TISTR many
projects have been established in order to collect, identify and study the properties of
medicinal mushrooms. In the current project, medicinal mushrooms were collected from the
North-East of Thailand (Figures 1.1 and 1.2).

Figure 1.1(A) The map of all regions in Thailand, comprising five regions (Northern,
North-East, Central, Eastern and Southern). (B) There are 19 provinces in the North-
East region.



Collection and study of mushroom specimens was made from mixed dipterocarp forests and
deciduous forests in Nakhon Ratchasima, Maha Sarakham, Mukdahan, Sakon Nakhon,
Yasothon, Roi Et, Chaiyaphum, Khon Kaen and Amnat Charoen. All samples (791) were
collected 10 times by TISTR staff, hunters and Mr.Winai Klinhom (a lecturer at MSU with
expertise in classifying mushroom species by their physical characteristics). By looking at the
appearance of the mushrooms and classifying all species of mushroom specimens they found
that the mushrooms in the genus Phellinus and Russula were the most common groups in the
mixed dipterocarp and deciduous forests, and Amanita, Boletus and Ganoderma were the
second group; Fomitopsis was found in smaller quantities together with 97 other genus of

mushrooms.

Figure 1.2 A hunter collecting mushrooms from a mixed dipterocarp forest. Taken with
permission (April 2013).



Figure 1.3 Mr. Winai Klinhom explaining how to classify mushroom species from their

physical characteristics. Taken with permission (April 2013).

1.2 General Information of Mushrooms

Mushrooms have been used for food and in supplements or medical treatments for a
millennium. In the last 30 years, the scientific study of mushrooms has increased and revealed
compounds with antitumor, immunomodulatory, antioxidant, antihypercholesterolemia,

antidiabetic, antibacterial and antiviral effects (Zhang et al., 2016).

About 140,000 different species of mushroom exist in the world, but only 10% are known and
about 700 species have established pharmacological properties (Lull et al., 2005). In North-
East Thailand, there are many varieties of mushrooms that the local people consume in high
quantities and some of these are used for medicinal purposes; however, there are no scientific
reports of studies on these. Both Phellinus species and F. cajanderi have been used in
traditional medicine for anti-cancer, antivirus and anti-diabetic and the local people in North-
East of Thailand believed that it can also be used to improve health and prevent disease. The
local people in North-East of Thailand use the mushrooms for treatment by boiling and
drinking the water and some finely grate and mould the material into a bolus and eat it like a
tablet. From interviews with the local people who used the mushroom for medical treatment
in 2014, it can be summarised that they used the mushrooms, especially brown mushroom
(Phellinus), for treatment when they feel unwell - after boiling in water or soaking in rice
whiskey. They said it makes them recover but no scientific data exists to confirm it. In the
previous study by TISTR, they found that mushrooms in the genus Phellinus had good

biological properties such as anti-microbial and the genus Fomitopsis in its filamentous form



can be stored in 15% glycerol at -80°C and still be alive after 2 years. The information of
interviews from the local people that used mushrooms was shown in Appendix A. Bioactive
compounds have been extracted from Phellinus and Fomitopsis mushrooms and used for
medicinal uses as described in Tables 1.2 and 1.3. According to the information of interviews
and biological activities of bioactive compounds from Phellinus and Fomitopsis as reviewed
in table 1.2 and 1.3, two species of Phellinus and one of Fomitopsis that can cultivated
filamentous in the laboratory were chosen to study. In the present study, the compounds from
three mushrooms P. everhartii, P. laevigatus and F. cajanderi (Figure 1.4) were extracted,

compound elucidation carried out and biological activity evaluated.

Figure 1.4 Images of freshly picked mushrooms, A: Phellinus everhartii, B: P. laevigatus,

C: Fomitopsis cajanderi



Tablel.1 Biological activities of Phellinus mushrooms.

Mushroom species

Bioactive components

Biological properties

Reference

P. nigricans

Proteoglycans

Anti-tumor  against  mice
transplanted with Sarcoma 180
and immunomodulating
activities by  stimulating
lymphocyte proliferation and
increasing production of nitric
(NO)

Necrosis Factor alpha (TNF-a)

oxide and Tumour

in macrophages in vitro.

Lietal., 2008

P. igniarius

EtOH crude extract

Cytotoxicity effect against
HepG2, AGS, SGC-7901 and

Hela human cancer cell lines

Wang et al., 2018

P. igniarius

MeOH extracts from

mycelia

dried

Antioxidant properties at ECs

less than 10 mg/mi

Lung et al., 2010




Table 1.2 Biological activities of Phellinus mushrooms (continued).

Mushroom species

Bioactive components

Biological properties

Reference

P. igniarius (L.) Quel

Polyphenol extract

Prevents acrolein toxicity at 2
and 5 pM in a mouse
neuroblastoma (Neuro-2a) cell

line at 0.5 and 2 pg/ml

Suabjakyong et al., 2015

P. baumii

Ethyl acetate extract

Anti-inflammatory effects by
suppressing  inducible  nitric
oxide synthase (iNOS) and
cyclooxygenase-2 (COX-2) and
reducing the level of mRNA
expression of proinflammatory
cytokines interleukin (IL-)1p,
IL-6 and granulocyte
macrophage colony stimulating
factor (GM-CSF)

Yayeh et al., 2012




Table 1.2 Biological activities of Phellinus mushrooms (continued).

Mushroom species Bioactive components Biological properties Reference

P. baumii EtOH crude extraxt Anti-inflammatory activity by | Lee et al., 2017
inhibiting NO production in
Lipopolysaccharides (LPS)
activated RAW 264.7
macrophages

P. linteus Polysaccharides Immunosuppressive effects by | Kozarski et al., 2011
decreasing IFN-y titres from
135.2 pg/ml to 32.6 pg/ml after

48 h incubation

P. linteus Crude extract Tsuji et al., 2010
Attenuating tumor growth and

inducing apoptosis of prostate
cancer PC3 or Dul45 cells in

nude mice injected with extract

every two days for 12 days




Table 1.2 Biological activities of Phellinus mushrooms (continued).

Mushroom species

Bioactive components

Biological properties

Reference

Phellinus sp.

Crude extract

Antioxidant activity by

exhibiting radical scavenging
activity with an IC50 ranging

from 7.3 to 19.80 pg/ml

Seephonkai et al., 2011

P. pini

Polysaccharides

Antioxidant  activity by
2,2-diphenyl-1-

picrylhydrazyl (DPPH) radicals

scavenging

and hydroxyl radicals, chelate
ferrous ion and reduces ferric

ions

Jiang et al. , 2015

P. merrillii

Crude extract, n-butyl alcohol
(n-BuOH) and ethyl
(EtOAC) fractions

acetate

Antioxidant and free radical

scavenging activities

Chang et al., 2007




Table 1.2 Biological activities of Phellinus mushrooms (continued).

Mushroom species

Bioactive components

Biological properties

Reference

P. gilvus

Aqgueous extract

Inhibitory effect against gram
negative bacteria Escherichia
coli ATCC 25922 and Klebsiella
pneumonia ATCC 10031 at MIC
360 mgL* and 90 mgL™

Sittiwet & Puangpronpitag, 2008
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Table 1.2 Biological activities of Fomitopsis mushrooms.

Mushroom species

Bioactive components

Biological properties

Reference

F. pinicola

Crude extract

Treatment of atherosclerosis by
drecreasing serum glucose and
lipids in the blood of diabetic

rats

Chaet al., 2009

F. pinicola

Chloroform extract

Suppression of proliferation on
tumour cell line S180 and
inhibition of the growth of S180
solid tumor and prolongs the
survival time of tumour-bearing

mice

Gao et al., 2018

F. rosea

Triterpenes

Antibacterial activity against

Staphylococcus aureus

Popova et al., 2009
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Table 1.3 Biological activities of Fomitopsis mushrooms (continued)

Mushroom species

Bioactive components

Biological properties

Reference

F. pinicola

Crude extract

Antioxidant from 60 to 120
pg/ml, the DPPH scavenging
rate increased from 50.3 to
88.2% and the superoxide anion
radical scavenging rate increased
from 35.5 to 90.5% from 500 to
700 ug/ml. Anti-tumour
activities were shown by
decreasing cell viability of
cancer cell lines when the
concentration of the extracts
increased especially HelLa and
Hep3B (cell viability rate 20-
25% with MeOH extract
concentration 1000 ug/ml

DuBok Choi et al., 2007
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1.2.1 Phellinus laevigatus (Fr.)

P. laevigatus (Fr.) is a dark brown mushroom, with a perennial fruit body. It is
woody, hard, widely and firmly attached to tree substrates, is totally effused, when
growing on vertical surfaces, especially on broken ends of fallen logs, with a crusty
tipper surface, up to 1 cm wide or more, but also in these cases flat, not projecting
much from the surface. Fruit bodies when young are small, round, separate, later
fusing together to form bodies measuring about 10-20 x 5-10 cm, or, in favourable
conditions, under whole logs, reaching a length of several metres. The thickness of
fruit bodies is 0.1-0.5 cm, and in old specimens up to 2.7 cm. The hymenial layer in
the fruit body grows in a horizontal or oblique position even in fruit bodies growing
on vertical surfaces they form low steps with sloping margins and the outermost
tubes open at the side. The actively growing hymenial surface is not very dark
brown, with bronze or olive tints and a silky glitter in the side view; when old they
turn deep brown, sepia to chocolate colour. Non-growing pore surfaces, for instance
in specimens collected in late winter or early spring, are light grey to brownish grey
and with no glitter. Pores are regular, (5 -) 6-8 (- 12) per mm; in the surface view
they are round, oval or slightly angular, while in transverse section they are round or
ellipsoid, (0.01-) 0.08-0.12 (- 0.15) mm in diameter, dissepiments ca. 0.03-0.06 mm
thick.

The fruit body contracts rather strongly when drying, which results in loosening of
margins, especially on bark substrates, and either inrolling or cracking of the tube
layer. Spores (3.7-) 3.8-5.0 (-5.4) x (2.8-) 3.0-3.9 (- 4.2) cm, single, ellipsoid, seldom
slightly ovate, obtuse-based, with applanated supra-apicular region. The wall is thin,
ca. 0.3-0.4 um, smooth and colourless (Niemel4,1972).



1.2.2 Phellinus everhartii

P. everhartii is a yellowish brown mushroom. The basidiocarps are sessile, ungulate,
up to 6 x 13 x 8 cm; the upper surface is yellowish brown to blackish, sometimes
very finely tomentose, becoming glabrous and encrusted with age, usually sulcate,
rimose; margin concolorous, rounded; the pore surface glancing with a golden luster,
dark yellowish to reddish brown (ochraceous-tawny, buckthorn brown or cinnamon
brown). The pores are circular to angular, 5-6 per mm, with thick, entire
dissepiments; context reddish brown, woody, faintly zonate, up to 5 cm thick; tube
layers are concolorous with the context, rather distinctly stratified, each layer up to 6
mm thick; context with masses of hard granular tissue that appear under a 30x lens as
dark, solid or resinous areas in a matrix of paler brown interwoven mycelium;
hyphae of dark masses agglutinated and hard to separate, tissue breaking out in small
chunks (Nufiez & Ryvarden, 2000).

Both mushrooms are found growing in hardwood forests of North America, mainly

in the East, in East Asia known from Far East Russia including in Thailand.

1.2.3 Fomitopsis cajanderi

Fomitopsis is another genus of mushroom that has been found to have good
biological properties; however, the scientific data is sparse at present. F. cajanderi is
a pink mushroom. The basidiocarp is perennial, sessile to effused-reflexed or
occasionally resupinate, solitary or imbricate, up to 20x7x10 cm; the upper surface is
light brown to pale pinkish in young specimens, darkening to pinkish brown or grey
to blackish with age, tomentose to fibrillose or glabrous; the pore surface is rose
coloured. The pores are circular to angular, with thick, entire dissepiments, 4-5 per
mm; the context is corky, light pinkish brown, azonate, up to 1 cm thick, tube layers
stratified, paler than the context, up to 2 cm thick. The hyphal system is dimitic;
contextual generative hyphae thin-walled, with clamps, hyaline, 2-4 um in diameter;
contextual skeletal hyphae are pale brown in KOH, rarely branched, non-septate,
thick-walled, 2.5-6 pum in diameter (Ryvarden & Gilbertson, 1993).



1.2.4 Bioactive compounds from mushrooms

There are diverse bioactive compounds in mushrooms that are beneficial in medical
therapies. Examples of secondary metabolites extracted from different species of

mushroom and their biological properties are summarised in Table 1.1.

Patel & Goyal (2012) described the range of bioactive compounds in mushrooms
including lentinan, theanine, hispolon, psilocybin, grifolin, ganoderic acid and

polysaccharides; potential substances with anti-tumor properties.
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Figure 1.5 Structure of bioactive compounds isolated form mushrooms



Tablel.3 Secondary metabolites and biological properties of mushrooms

Compound name Species Biological activity
Triterpenoids
Acids
1. Eburicoric acid LS, LO Anti-cancer
2 sulfurenic acid LS, LO Anti-leukaemia
3. Versisponic acid D LO Anti-thrombin
4. 3-O-Acetyleburioic acid LS Anti-leukaemia
5. 16a-Hydroxyeburiconic acid | Antibacterial
6. Fomefficinic acid D LS, LO Anti-leukaemia
7. Versisponic acid C LS Anti-leukaemia
8. 15a-Hydroxytrametenolic acid LS Anti-leukaemia
9. (3p)-3-(acetyloxy)-Lanosta- | =° Anti-leukaemia
8,24-dien-21-oic acid
10. Tsugaric acid A FP Antibacterial
11. Pinicolic acid A FP Antibacterial
12. Fomitopsic acid FP Antimicrobial
13. 24-Methyl-3-oxo-Lanosta- FP Antibacterial
8,25-dien-21-oic acid
14. Fomitopinic acid A FP Anti-inflammatory
15. Fomitopinic acid B FP Anti-inflammatory
16. Polyporenic acid A PB Anti-inflammatory
17. (3a,12a,25S)-3-(acetyloxy)- PB Anti-inflammatory,

12-hydroxy-24-methylene-

inhibition of bacterial




18.

19.

20.

21.

22.

Lanost-8-en-26-oic acid
(30,120,25S)-3-
[(carboxyacetyl)oxy]-12-
hydroxy-24-methylene-
Lanost-8-en-26-oic acid
(3a,120,25S)-12-hydroxy-3-
(3-methoxy-1,3-
dioxopropoxy-24-methylene-
Lanost-8-en-26-oic acid
(3a,120,258)-3-[(39)-4-
carboxy-3-hydroxy-3-methyl-
1-oxobutoxyl]-12-hydroxy-24-
methylene-Lanost-8-en-26-oic
acid
(3a,120,25S)-12-hydroxy-3-
[[(3S)-3-hydroxy-5-methoxy-
3-methyl-1,5-
dioxopentyl]oxy]-24-
methylene- Lanost-8-en-26-oic
acid

(+)120,28-Dihydroxy-3 a-(3’-
methylglutaryloxy)-24-
methyllanosta-8,24(31)-dien-

26-oic acid

PB

PB

PB

PB

PB

Hyaluronidase

Anti-inflammatory

Anti-inflammatory,
inhibition of bacterial

hyaluronidase

Anti-inflammatory

Anti-inflammatory,
inhibition of bacterial

hyaluronidase

Anti-inflammatory




23. Polyporenic acid C

24. (16a)-16-(acetyloxy)24-
methlene-3-oxo-Lanosta-
7,9(11)-dien-21-oic acid

Esters and lactones

25. Betulin 28-O-acetate

Alcohols

26. A7-Ergostenol
27. Ergosterol D

28. (+)-Betulin

Ethers and peroxides

29. (50)-3,3-dimethoxy-Ergosta-
7,22-diene

30. Ergosterol peroxide

PB,FP

PB,FP

FF

LS, FF

FP

Fr

Fr

LS,

FF

FF

FP

FP

PB,

Anti-inflammatory,
inhibition  of
hyaluronidase,
antibacterial

Antibacterial

Antitumor

Antitumor

Antibacterial

Antitumor

Antitumor

Cytotoxic, antitumor

Antitumor

Anti-inflammatory

Anti-inflammatory

bacterial




Aldehydes and ketones

31. (22E)-Ergosta-7,22-dien-3-one

Glycosidic triterpenes

32. Fomitoside A
33. Fomitoside B
34. Fomitoside C
35. Fomitoside D
36. Fomitoside E
37. Fomitoside F
38. Fomitoside G
39. Fomitoside G
40. Fomitoside H
41. Fomitoside |

42. Fomitoside J

Miscellaneous triterpenes

Organic acids and related compounds

43. p-Hydroxybenzoic acid

44. Protocatechuic acid

FP
FP
FP
FP
FP
FP
FP
FP

FP

FP,
PB
FP,
PB
FP,
PB
LS
LS
LS

PB

LS

LS,

LS,

LS,

Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory
Anti-inflammatory

Anti-inflammatory

Antioxidant

Antioxidant

Antioxidant

Antioxidant

Antioxidant

Antioxidant

Matrix metallo-
proteinase inhibitor

Antioxidant




45. Vanillic acid

46. Gallic acid

47. p-Coumaric acid

48. Caffeic acid

49. 2-[(2E)-4-hydroxy-3-methyl-
2-buten-1-yl]-1,4-Benzenediol

50. Chlorogenic acid

Benzofurans

51. (£)-Laetirobin

Flavonoids and related compounds

52. Kaempferol
53. Quercetin

54. (2R,3S)-(+)-Catechin

Coumarins

55. Daphnetin

56. 2H-6-chloro-2-oxo-4-phyl-1-
Benzopyran-3-carboxylic acid
ethyl ester

57. 6-Chloro-4-phenyl-coumarin

LS

LS

LS

LS

FF

LO

LO

PB

Cytostatic

Antioxidant

Antioxidant

Antioxidant

Antitumor

Antimicrobial

Antimicrobial

Antibiotic
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N-containing compounds

58. Piptamine

Source: Grienke et al., 2014
LS: Laetiporus sulphureus, FF: Fomes fomentarius, PB: Piptoporus betulinus,

LO: Laricifomes officinalis, FP: Fomitopsis pinicola

1.3 Properties of mushrooms

Mushrooms have been used not only for food, but also for medical treatments.
Historically, mushrooms have been used in traditional medicine, but because of the
limited scientific data with respect to clinical trials, their use in the pharmaceutical
industry remains low. So far, there have been many reports on the health benefits of
mushrooms to humans in treatment of various diseases from countries such as China,
India, Korea and Japan (De Silva et al., 2012).

1.3.1 Medicinal properties of mushrooms

1.3.1.1 Anti-cancer properties

There is scientific data to demonstrate that some species of mushroom contain

bioactive compounds for inhibiting or destroying cancer cells.

Patel & Goyal (2012) reported that some species in the genus Agaricus, Agrocybe,
Garnoderma, Pleurotus, Trametes, Inonotus, Amauroderma , Innotus, Phillanus and
Antrodia have anti-cancer activity. For example, Trametes versicolar, commonly
known as turkey tail mushroom or cloud mushroom can inhibit the proliferation of
hepatoma cancer cell lines in vitro and in vivo. Jiao et al. (2013) found that the water

extract of Amauroderma rude had the highest activity in killing three human breast
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carcinoma cell lines, MDA-MB231, MDA-MB468 and MT-1 and the size of tumors
that formed by injecting with 4T1 cells in Balb/c mice were decreased. Lee et al.
(2009) revealed that a water extract of Innotus obliquus inhibited growth of HT-29
human colon cancer cells, while Roupas et al. (2012) demonstrated that triterpenoids,
hyper-branched, beta-glucan extracted from Garnoderma lucidum, Pleurotus
tuberregium, Cordyceps sinensis and Innotus obliquus showed anti-cancer activity
by inhibiting proliferation of HepG2 (human hepatocellular carcinomas), exhibiting
tumor-selective and cytotoxic (in vivo) mechanisms. Zhao et al. (2003) described an
antitumor lectin isolated from Agrocybe aegerita that strongly inhibited growth of
human tumor cell lines HeLa, SW480, SGC-7901, MGC80-3, BGC-823, HL-60 and

mouse sarcoma S-180.
1.3.1.2 Anti-viral properties

Generally, viral diseases are a major problem that are difficult to treat because of
high genetic variability (Ohta et al., 2007). Vaccines and anti-viral agents are used to
control and prevent viruses. However, there are other ways such as stimulation of the
innate immune response to protect against infectious diseases. An acidic
polysaccharide (APS) extract from Cordyceps militaris has shown therapeutic effects
on influenza virus infection by increasing TNF-a and IFN-y levels in mice (Ohta et
al., 2007). Aqueous and ethanol extracts and polysaccharides from Lentinula edodes
have been shown to inhibit the initial process of poliovirus type 1 and bovine herpes

virus type 1 (Rincao et al., 2012).
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1.3.1.3 Anti-microbial properties

Smolskaité et al. (2015) found that Inonotus hispidus had antimicrobial activity
against gram-positive bacteria (Bacillus cereus), gram negative bacteria
(Pseudomonas aeroginosa) and fungi (Candida albicans). Roupas et al. (2012)
reported that A. blazei Murill extract was active against Streptococcus pneumonia 6B

infection in mice.

1.3.1.4 Antioxidant properties

Palacios et al. (2011) assessed eight types of mushrooms (Agaricus bisporus, Boletus
edulis, Calocybe gambosa, Cantharellus cibarius, Carterellus cornucopioides,
Hygrophorus marzuolus, Lactarious deliciosus, Pleurotus ostreatus) for antioxidant
activity. Cantharellus cibarius showed the highest activity and Agaricus bisporus
the lowest. Reis et al. (2012) compared the antioxidant properties between fresh
cultivated mushrooms and mycelium. The highest antioxidant activity was found for

A. bisporus with no correlation between fresh mushrooms and mycelium.

1.3.1.5 Anti-inflammatory properties

Polysaccharides extracted from A. bisporus and A. brasiliensis stimulate the
production of pro-inflammatory cytokines Tumor Necrosis Factor alpha (TNF-a),
Interleukin-1 beta (IL-1pB) and the enzyme Cyclooxygenase-2 (COX-2) from THP-1
cells. Fangkrathok et al. (2013) demonstrated that an extract of Lentinus polychrous
had anti-inflammatory effects in vitro by decreasing the expression of inducible
Nitric Oxide Synthase (iNOS), IL-1B) IL-6, TNF-a and COX-2. TNF-a production

was decreased significantly in Lipopolysaccharides-activated macrophages
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Wen et al. (2011) found that a mycelium extract of Antrodia cinnamomea had anti-
inflammatory activity both in vitro and in vivo. In vitro, an extract of Antrodia
cinnamomea inhibited the production of pro-inflammatory cytokines (TNF-a and IL-
6) and mediators (Nitric Oxide (NO) and Prostaglandin E, (PGE2) in LPS-stimulated
RAW264.7 cells and human Peripheral Blood Mononuclear Cells (PBMCs) and
decreased iINOS and COX-2 levels in LPS-stimulated RAW264.7 cells. According to
in vivo assessment, the extract showed significant anti-inflammatory activity by

decreasing oedema in a carrageenan-induced paw oedema mouse model.
1.3.1.6 Other therapeutic activities

Roupas et al. (2012) reported that an extract of P. ostreatus prevented selenite-
induced cataractogenesis in 75% of rats. Furthermore, A. blazei showed anti-
hyperglycemic, anti-arteriosclerotic and anti-diabetic activity in rats. Krediet et al.,
2020 reviewed that psilocybin has been studied for the treatment of depression,
tobacco and alcohol addiction, obsessive-compulsive disorder, and depression and
anxiety in patients with life-threatening diagnoses and recently received

breakthrough designations from the FDA for use in depression.
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1.3.2 Medical mushroom use in clinical trials

There are many clinical trials reported for polysaccharides of mushrooms namely
lentinan (L. edodes), schizophyllan (S. commune), PSK and PSP (T. versicolor), and
Grifron-D (G. frondosa) used to treat cancer patients (Sullivan et al., 2006). A
clinical trial of schizophyllan showed that the survival rate of neck and head cancer
patients was increased and in some cases this substance increased overall survival of

stage 11 cancer patients when combined with radiotherapy (Sullivan et al., 2006).

Another successful clinical trial used a combination chemotherapy of mitomycin C,
5-fluorouracil and PSK (from mushrooms). The result was the survival rate of
patients increased two-times compared with only using chemotherapy treatment

without PSK (Sullivan et al., 2006).

In addition, a clinical trial in Japan has shown that patient survival can be
significantly extended in stomach, colon-rectum, esophagus, nasopharynx, and lung
(non-small cell types) cancers and in a HLA B40-positive breast cancer subset after
treatment with PSK from Coriolus versicolor (Kidd, 2000). In China, clinical trials
(Phase 11 and Phase 111) of PSP from C. versicolor has revealed that PSP significantly
extended five-year survival in esophageal cancer, improved quality of life and
enhanced immune status in 70-97 percent of patients with cancers of the stomach,

esophagus, lung, ovary, and cervix (Kidd, 2000).

At present there is a product from mushrooms that is used as an adjuvant therapy in
conjunction with radiotherapy and chemotherapy launched under different brands
such as Ganodex, Immuna, Lentinex, Immunglukan, Bene-X and Zymucan (El

Enshasy & Hatti-Kaul, 2013).
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1.4 Project aims

According to the previous study carried out at TISTR, many crude extracts from
mushrooms in the genus Phellinus had shown good biological activity and from
interviewing the local people that used these mushrooms for medical purpose, two
species of Phellinus mushrooms were chosen for further study. In addition, F.
cajanderi was chosen as it can be cultivated in the laboratory and could be useful for

commercial development in the future.

The aims were:

e To collect, extract and identify bioactive compounds from mushrooms P.
everhartii, P. laevigatus and F. cajanderi (Chapter 2).

e To investigate biological activity including anti-inflammatory, cytotoxicity,
anticholinesterase and antimicrobial of crude extracts and pure compound 7-
methoxyindole-3-carboxylic acid methyl ester (Chapter 3).

e To examine the effect of pure compound 7-methoxyindole-3-carboxylic acid
methyl ester on gene expression in THP-1 cells using RNA-Seq and gRT-
PCR (Chapter 4).
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Chapter 2 Phytochemistry

17



2.1 Introduction

Several extraction methods have been used to explore natural materials. Most of the
conventional techniques such as Soxhlet extraction, maceration and hydro-distillation
are based on the extracting ability of different solvents and the application or absence
of heat and stirring (Azmir et al., 2013). The Soxhlet extractor was designed for lipid
extraction by the German chemist Franz Ritter Von Soxhlet in 1879. In this
technique, the ground sample is placed in a thimble chamber and then moved into a
thimble-holder which is filled with extraction solvent and heated in the lower flask.
After reaching an overflow level, the solution of the thimble-holder is aspirated by a
siphon and the siphon unloads the solution back into the distillation flask (Azmir et
al., 2013). This solution carries extracted solutes into the bulk liquid and solute
remains in the distillation flask and the solvent passes back to the solid bed of plant
material. The process runs repeatedly until the extraction is completed. Presently it is

used for the extraction of compounds from different materials.

Maceration is commonly used in wine making with a variety of solvents and has
been developed and widely used in medicinal plant research (Nn, 2015). This method
is used in a closed container system by soaking material at room temperature for at
least three days and then filtrated and evaporated (Majekodunmi, 2015). This
technique is simple, cheap and easy, but there is a large amount of solvent waste to
manage (Nn, 2015).

Hydro-distillation can be achieved using water, water and steam or steam only
(Azmir et al., 2013).

The efficiency of these traditional methods depends on the solvents and polarity of
the targeted compounds. There are three types of solvents; polar, medium-polar and
non-polar. The polar solvents extract non-polar and polar compounds, but non-polar
solvents extract only non-polar compounds (Majekodunmi, 2015). Some classes of

compounds extracted using different solvents are given in Table 2.1.
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Table 2.1Examples of some compound classes extracted by different solvents

Solvents Bioactive compounds

Water Anthocyanins, Tannins, Saponins,
Terpenoids

Ethanol Tannins, Polyphenols, Flavonols,

Terpenoids, Alkaloids
Methanol Anthocyanin, Terpenoids, Saponins,
Tannins,

Flavones, Polyphenols

Chloroform Terpenoids, Flavonoids
Dichloromethane Terpenoids

Ether Alkaloids, Terpenoids
Acetone Flavonoids

Now, there are new techniques which have been introduced to increase efficiency
and decrease extraction time. Some of these include ultrasound assisted extraction,
enzyme-assisted extraction, microwave-assisted extraction, pulsed electric field
assisted extraction, supercritical fluid extraction and pressurised liquid extraction
(Azmir et al., 2013). Some plant products may need unique extraction processes and
no single extraction method can be termed as best. Sample preparation methods such
as drying, grinding could affect the efficiency of extraction and selected methods
also depend on the study objectives, nature and size of sample and the target
compounds (Nn, 2015).

Yan et al., 2017 mentioned that the method of extraction for polysaccharides from

mushroom material was 80% (v/v) ethanol followed by three successive extractions
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with water (100°C, 3 h), 2% (w/v) ammonium oxalate (100°C, 3 h) and 5% (w/v)
sodium hydroxide (80°C, 3 h).

Polysaccharide from fruiting bodies of sanghuang mushroom (P. baumii Pilat) was
extracted using hot water extraction three times for 2 h each after exhaustive reflux

extraction with ethanol for 12 h to remove lipids (Ge et al., 2013).

Laovachirasuwan et al. (2016) studied Phellinus spp. extracted using a water, ethanol
and alkaloid extraction procedure. The mushroom water extract was extracted with
1,500 ml of distilled water using the decoction method at 90°C for 4 h. The ethanol
extract was macerated with 1,500 ml of 95% ethanol at room temperature for 7 days.
The procedure for alkaloid extraction was swirled around with 500 mL of 10% (v/v)
ammonia solution for 5 min. Then, the extracted part was diluted with 2,500 mL of
methanol and heated at 60°C for 30 min. The Phellinus mushroom extracts were
filtered through Whatman No.1 and concentrated using a rotary evaporator. Each

Phellinus mushroom extract was dried by freeze dryer.

In this study Phellinus and Fomitopsis mushrooms were collected and ground to
powder form and were extracted by maceration and Soxhlet. The crude extracts were
fractionated using column chromatography and sephadex and isolated compounds
analysed by NMR.
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2.2 Materials

n-Hexane HPLC grade (VWR chemicals , UK)

Dimethyl sulphoxide (Sigma-Aldrich, UK)

Ethyl acetate HPLC grade (VWR chemicals, UK)

Methanol HPLC grade (VWR chemicals, UK)

Ethanol HPLC grade (VWR chemicals, UK)

Deuterated (99.9%) solvents: Chloroform-d, DMSO-d6, and Acetone-d6
(Sigma-Aldrich, UK)

p-anisaldehyde (Sigma-Aldrich, UK)

Column grade silica gel (Silica gel 60, mesh size 20-200 um) (Merck, Germany)
TLC grade silica gel 60H (Merck, Germany)

TLC pre-coated aluminium sheets (20 x 20 cm). Silica gel PF254
(Merck,Germany)

2.3 Methods

2.3.1 Sample collection

The mushrooms, F. cajanderi (Kar.:Kolt & Pouzar), P. everhartii, P. laevigatus were
collected from Phu Pha Kham Tumbon Phuwong Nhnogsoung City, Mukdaharn
Province in the North-East of Thailand in April 2014 and identified by Mr Winai

Klinhom of the Mahasalakam University.

2.3.2 Extraction

The mushrooms were air-dried and cut into small pieces and ground using a blender.
The ground mushrooms (50 g or 200 g) were extracted successively by maceration
with Hex, EtOAc, EtOH and then EtOH: water (50:50) for two days each. The

extracts were evaporated using a rotary evaporator. Alternatively, a Soxhlet

apparatus was used to extract 200 g of material using EtOH for seven days.

2.3.3 Fractionation of crude extracts
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2.3.3.1 Thin Layer Chromatography (TLC)

thin layer chromatography (TLC) is used to separate compounds from extracts and

fractions. The samples were dissolved in an appropriate solvent (determined by trial
and error) and spotted onto silica gel 60H silica aluminum plates, 1 cm from the
bottom edge using a capillary tube. A mobile phase (solvent mixture depending on
the polarity of the extract or fraction) was added to a TLC tank (4-5 mm depth) and
left until the environment was saturated. The spotted TLC plate was placed in the
chamber until the solvent reached the top of the plate. The plate was removed, air-
dried and observed under UV light at 254 nm (short wavelength) and 366 nm (long
wavelength). Any visible bands were marked by pencil before the plate was sprayed
with anisaldehyde-H,SO, spray (5 ml sulphuric acid, 85ml methanol, 10 ml glacial
acetic acid and 0.5 ml anisaldehyde) and heated at 110°C for a minute. Fractions
(from column chromatography (CC) — see section 2.3.3.2) shown to have similar
compound profiles were pooled together.

2.3.3.2 Column Chromatography (CC)

CC was used to separate mixtures of compounds in the extracts. A glass column
45x3 cm with a tap was packed with a wet slurry of silica gel 60. The extracts were
pre-adsorbed with a small amount of silica gel 60 and dried before placing the dry
slurry on top of the column. The mobile phase (250-300 ml) was added and the
column was eluted gradient wise (Table 2.2). Fractions were collected (10 ml per
glass vial) and examined by TLC. Fractions with similar band profiles were

combined together.

Table 2.2 Sequence of CC solvent systems
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Solvent (%)

Hexane Ethyl acetate Methanol
1 100 0 0
2 90 10 0
3 80 20 0
4 70 30 0
5 60 40 0
6 50 50 0
7 40 60 0
8 30 70 0
9 20 80 0
10 10 90 0
11 0 100 0
12 0 90 10

2.3.3.3 Gel filtration using Sephadex

A gel filtration column using Sephadex was used for separation of compounds based

on their molecular size. A wet slurry of Sephadex LH-20 was packed in a glass

column with a tap approximately 45x2.5 cm. The extracts were dissolved in MeOH

and added onto the column. MeOH was also used to elute the column and fractions

(5 ml) were collected in glass vials.

2.3.3.4 Vacuum Liquid Chromatography (VLC)
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Silica gel 60H was dry-packed in a suction filtration glass funnel (diameter 9.5 cm)

under vacuum. The EtOH extract and EtOH:water extract were loaded on the VLC

column and eluted gradient wise using 400 ml of each different solvent system as in

Table 2.3. TLC was used to examine the fractions.

Table 2.3 Sequence of VLC solvent systems

Solvent (%)
Hexane Ethyl acetate Methanol
1 90 10 0
2 70 30 0
3 50 50 0
4 30 70 0
5 0 100 0
6 0 90 10
7 0 70 30
8 0 50 50

2.3.4 Nuclear Magnetic Resonance (NMR)
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Samples were dissolved in deuterated chloroform (CDCI3) or dimethyl sulphoxide
(DMSO-ds) depending on their solubility and transferred to NMR tubes (5mm x
178mm). One-Dimensional NMR (1D) was used for preliminary investigation of the
fractions and compounds from their proton or carbon spectra. Two-Dimensional
NMR (2D) and COrrelation SpectroscopY (COSY) was used to determine ‘H-'H

proton-proton correlations; Heteronuclear Multiple Quantum Correlation (HMQC)

was used to identify the correlation between protons and carbons via *J couplings.
Heteronuclear Multiple Bond Correlation (HMBC) provided the long range
correlation between the protons and carbons through 2J and 3J and even “J couplings
(H-X-C-C-C correlations). The NMR spectra were obtained on a JEOL Eclipse 400
spectrophotometer operating at 100 MHz for **C and 400 MHz for *H and a Bruker

Avance DRX-500 (500 MHZ) spectrometer for HMQC and HMBC.

2.3.5 Mass spectrometry

Liquid chromatography mass spectrometry (LC-MS) was used to confirm the
molecular weights and molecular formulae of pure compounds. Samples were
prepared in 1 mg/ml of methanol and 10 pl of solution was injected into an Agilent
Zorbax Eclipse (C18 column (4.6x150mm, 5uM). The LC-MS analysis was carried
out in the Department of Pure and Applied Chemistry, Strathclyde University.

2.3 Results
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2.3.1 Fractionation of crude extracts and identification of compounds

Following extraction using a Soxhlet apparatus, the crude extracts were examined
by NMR. The EtOH extract of F. cajanderi (Kar) Kolt& Pouzar from VLC was a
white powder and identified as a mixture of two triterpenes. The EtOH extract of P.
laevigatus was a brown crystalline solid. No single compound was isolated from both
these crude extracts. Fraction 30-33 of EtOH crude extract of P. everhartii from
Sephadex gel filtration chromatography was a brown-yellowish crystalline solid

identified as a pure compound.

The major compound class from F. cajanderi (Kar) Kolt& Pouzar and P. laevigatus
appeared to be triterpenes, an indole alkaloid was the major compound obtained from
P. everhartii. The structure of the triterpene from F. cajanderi extract is given in
Figure 2.1 and the structure of the alkaloid from P. everhartii extract is given in
Figure 2.2. The structure of the triterpene from P. laevigatus is yet to be fully

determined.

2.3.2 Fractionation of F. cajanderi (Kar) Kolt& Pouzar crude extract

CC, gel filtration and VLC were applied to fractionate F. cajanderi ethanol crude
extract. The fractions were collected and the profiles examined using TLC and NMR.
The major compound was an ester of malonic acid of a lanostanoid type triterpene as

called compound FVC (Figure 2.6).

The NMR spectra for the fractions are shown in Figures 2.1-2.5. The proton
spectrum (Figure 2.1) was typical of a triterpene as there were a number of proton
signals between 0.5 and 3.0 ppm. There was a pair of deshielded (ethylenic) protons
at 6.20 and 5.94 ppm. These could come from an exomethylene group in the
compound. There were three signals from protons attached to oxygen bearing
carbons at 4.77(t), 4.16(m) and 3.45(s).

26



[-5000

G (d} ;
B K (s

3720 -
H {m} is
1.30 90

TH

Figure 2.1 The 'H NMR spectrum of VLC EtOH 5 fraction of F. cajanderi in
CDCl;

The carbon spectrum (Figure 2.2) gave signals for oxygen bearing carbons between
160 to 215 ppm and two unsaturated carbon signals between 120 and 150 ppm. The
3¢ spectrum also showed an oxygen bearing methine carbon at 80.2 ppm, an oxygen
bearing methylene around 60 ppm and a lot of CH, CH, and CHs carbons between
10.0 and 50.0 ppm.
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Figure 2.2 The®®C NMR spectrum of VLC EtOH 5 fraction F. cajanderi in

CDCl;

From the correlations in the 2D spectrum for the compound (Figure 2.3), it was
identified as follows: the *H-'H COSY spectrum (Figure 2.3) identified the methyl

doublets and the methine proton to which they are coupled.
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Figure 2.3 The COSY spectrum of VLC EtOH 5 fraction F. cajanderi in CDCl;

From the HSQC (*H-'3C) correlations (*J) or direct coupling, the protons attached to
the various carbons were identified (Figure 2.4). In the HMBC (*H-3C, 2%J) (Figure
2.5) or long range correlations were observed. The exomethylene protons gave
correlations to a saturated ketone carbon at 201.5 ppm hence the exomethylene group
must be next to the ketone. The proton quartet at 3.70 ppm gave correlations to
carbonyl at 179.0 (COOH), the ketone at 201.5 and the exomethylene carbons at
147.8 (C) and 125.0 (CHy). Another proton quartet at 2.10 also showed correlations
to the ketone, therefore the ketone must be in the middle of a side chain attached to
the steroid. Correlations from the methylene group at 3.37 to carbonyl carbons at
171.3 and 167.3 as well as the methine carbon at 80.5 indicated a malonyl ester
attached to the position C-3 of the steroid. This is confirmed by correlations from
two geminal methyl groups to the C-3. The presence of a double bond between C-8
and C-9 was confirmed by correlation from H-19 and H-28 to the carbon at 134.7
and 133.9, respectively. Therefore, the structure was identified to be an ester of a
malonic acid of a lanostanoid type triterpene as called Compound1l earlier reported
by Chairul et al. (1990) (Figure 2.6). The assignment of the proton and carbon
chemical shifts for the compound which were compared with literature reports is

given in Table 2.4.
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Figure 2.5 The HMBC spectrum of VLC EtOH 5 fraction F. cajanderi in CDCl3
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Table 2.4 Chemical shift assignments for compound 1 from VLC5.

Experimental

Literature*

(CDCly) (CDCly)
Position
Proton & ppm | Carbon 6 ppm | Proton d ppm | Carbon 6 ppm
(mult, JHz) (mult, JHz) (mult, JHz) (mult, JHz)

1 1.52,1.42 30.3 30.9
2 1.74,1.93 20.8 23.4
3 4.78 80.8 80.6
4 - 36.8 37

5 1.49 45.7 45.6
6 - 18.0 18.2
7 - 26.0 26.2
8 - 133.7 134.4
9 - 134.5 134.8
10 - 36.8 37.0
11 - 21.0 21.1
12 - 30.9 31.0
13 - 44.7 44.9
14 - 50.0 50.2
15 - 31.2 311
16 28.5 28.6
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17 50.1 50.5
18 0.75 15.8 16.0
19 0.76 19.0 19.1
20 2.09 34.0 34.2
21 0.92 19.7 19.8
22 2.75,2.52 44.5 449
23 - 201.5 201.8
24 - 147.8 148.4
25 2.83 40.3 40.4
26 179.0 178.7
27 1.22 14.2 16.1
28 0.95 24.3 245
29 0.9 27.3 27.8
30 0.96 21.8 21.9
31 6.21,5.96 125.2 125.2
I - 166.4 167.3
2 3.47 40.4 41.1
3 170.7 199.1

*Data from (Chairul et al., 1990)
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an ester of malonic acid of a lanostanoid type triterpene

Figure 2.6 The structure of compound 1 from F. cajanderi ethanol extract.

2.3.3 Fractionation of P. everhartii crude extract

The crude EtOH extract of P. everhartii (1 g) was subjected to Sephadex gel
filtration chromatography eluted with methanol. Over 70 fractions (5 ml each) were
collected and examined by TLC and NMR to determine similar fractions which were
then combined (Figure 2.7). The fractions from vials 26 to 29 and vials 30 to 33 were
pooled after checking their TLC and proton NMR profiles. The compound from vials
30 to 33 was identified as 7-methoxyindole-3-carboxylic acid methyl ester as called
compound E (Figure 2.13). The NMR spectra (Figure 2.8-2.12) showed four
aromatic proton signals at 6y 6.69 (d, J = 7.8), 7.05 (t, J = 7.9), 7.60 (d, J = 8.0) and
7.90 (d, J = 3.1) ppm, one methoxy at 6y 3.89 (-OCHy3), one carbomethoxy group at
3.78 (-COOCHj3) and one exchangeable proton signal at 11.30 ppm (-NH). The **C
NMR spectrum along with the HSQC (*H-*C J correlations) showed eleven carbon
signals made up of four aromatic methine carbons at &c 103.5, 122.8, 114.2 and
132.0, one oxy-quaternary at 147.6 and three aromatic quaternary signals at 127.8,
128.4 and 108.7. It also showed one carbomethoxy at 6c 51.0 (COOCHSs), a methoxy
at 55.7 (-OCHj3), one oxygenated aromatic quaternary at 147.3 and an ester carbonyl
at 166.3 (COOCH) ppm. Using the correlations from its 2D NMR spectra, the
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structure was confirmed as follows: the COSY spectrum indicated an ABC coupling
between the three aromatic protons hence the aromatic ring must be trisubstituted.
The long range (*H-3C 3J) correlations from the aromatic proton triplet at & 7.05
ppm and the methoxy protons at 3.89 to the oxygenated aromatic carbon at 6c 147.3
indicate the carbon to be methoxy bearing and it must be C-7. The presence of an
indole moiety was indicated by the exchangeable proton signal at &4 11.30 ppm
which must be from an -NH group and this proton is coupled in the COSY to the
proton at 6y 7.90 ppm (H-2) which showed long range correlations to C-4a and C-7a.
A long range correlation from the carbomethoxy group at 3.78 to the carbonyl carbon
at 166.3 indicates a methyl ester and this ester group must be substituted at C-3.
Other long range correlations from the rest of the protons confirmed the structure and
the assignment of the proton and carbon chemical shifts (Table 2.5) for the
compound which were in agreement with literature reports in Figure 2.13 (Samchai
etal., 2011).
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Table 2.5 Chemical shift assignments for the compound E isolated from

fractions 30-33.

Experimental

Literature*

(in acetone-d) (in CDCly)
Position
Proton 6 ppm | Carbon 6 ppm | Proton é ppm | Carbon 6 ppm
(mult, J Hz) (multiplicity) (mult, J Hz) (multiplicity)
1 11.3 - 8.83
2 7.90 132.2 7.88 130.2
3 - 108.7 - 109.3
4 7.61 114.2 7.75 114.0
4a - 128.3 - 126.7
5 7.06 122.8 7.19 122.6
6 6.70 103.7 6.71 103.0
7 - 147.6 - 146.1
7a - 127.7 - 127.2
3-C=0 - 166.8 - 165.7
COOCH;s 3.78 51.3 3.92 51.0
7-OCH3 3.88 55.9 3.96 55.4

*Data from (Samchai et al., 2011)
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Figure 2.7 TLC plate of P. everhartii crude extract in mobile phase Hex: EtOAC

(70:30) (Lane 1-16, fractions 25-40)
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Figure 2.8 The *H NMR spectrum of PE EtOH, fractions 30-33 in acetone-d
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Figure 2.9 The *C NMR spectrum of PE EtOH, fractions 30-33 in acetone-d
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OC H 3 7-methoxydole-3-carboxylic acid methyl ester

Figure 2.13 The structure of compound E from PE EtOH.

Based on the identification by NMR and compared with literature reports, a
purchased sample of 7-methoxydole-3-carboxylic acid methyl ester was purchased
(P) and used to confirm the isolated compound by NMR and LC-MS. The result of
LC-MS is given in Figure 2.14. The LC-MS result for the P and E showed identical

results.
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Figure 2.14 LC-MS chromatogram of P and E
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Summary of the phytochemical process carried out on P. everhartii, P. laevigatus

and F. cajanderi

F. everhartii, P. laevigatus and F. cajander:

l

Arr dried, cut and ground 200g

l

Soxhlet extraction —

PE EtOH
|

PL EtOH ‘

FC EtOH

(B2

!

Sephadex

l

’ Compound E

PE EtOH: P. everhartii extract from EtOH

PL EtOH: P. laevigatus extract from EtOH

FC EtOH: F. cajanderi extract from EtOH

Compound E: Purified extract of P. everhartii from Sephadex

Compound 1: Purified extract of F. cajanderi from VLC

VLC

| Compound 1

Figure 2.15 Schematic diagram showing the extraction and isolation processes

carried out on three mushrooms.
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2.4 Discussion and conclusion

Medicinal mushrooms are a potential source of therapeutic compounds which can be
used for medical treatment. Most mushroom studies have focused on the extraction
of polysaccharides, polysaccharide-protein complex, protein-glucan complex or
using crude extracts to examine the biological activity (Sliva, 2010). In this study,
the fruiting body of the mushroom P. everhartii was extracted by Soxhlet using
EtOH solvent and purified by Sephadex gel filtration chromatography eluting with
MeOH. A brown-yellowish crystal was identified as a pure compound 7-
methoxyindole-3-carboxylic acid methyl ester (E) that was isolated and purified by
Sephadex chromatography. Samchai et al. (2011) studied this compound isolated
from P. linteus that was extracted with MeOH and then partitioned with CH,CI, and
purified on a silica gel column (200-300 mesh) and then Sephadex LH-20.The
spectra for the compound isolated in this study agreed with literature data (Samchai
et al., 2011) and also gave an identical spectrum to a purchased sample (P). There

are no previous reports demonstrating any biological activity for this compound.

Some papers have studied alkaloids isolated from plants such as Jerantinine B; one of
seven novel Aspidosperma indole alkaloids isolated from the leaf extract of
Tabernaemontana corymbosa which targets tumorigenesis and cancer cell survival
(Qazzaz et al., 2016). Phan et al. (2018) recently reviewed alkaloids as nitrogen-
containing heterocyclic compounds. The best known mushroom alkaloids are the
hallucinogenic indole derivatives which encompass psilocin and psilocybin. Psilocin
is an indole alkaloid found in the genus Psilocybe and is considered a natural
monophenol which exhibits various properties including toxicity, antioxidant and
therapeutic action. As mentioned above no biological studies have been reported on
the alkaloid 7-methoxyindole-3-carboxylic acid methyl ester from P. everhartii, but
there are many biological activity reports in genus Phellinus such as that by Kozarski
et al. (2011) who extracted P. linteus with hot water followed by ethanol
precipitation and partially purified the polysaccharides which showed

immunosuppressive effects on human PBMCs.
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The fruiting body of F. cajanderi was extracted by Soxhlet using EtOH solvent and
then purified using chromatographic techniques such as CC, gel filtration and VLC.
The white powder was a major compound that was identified by NMR as an ester of
malonic acid of a lanostanoid type triterpene (compound 1) and was confirmed by
comparison with literature reports. The isolation of a similar triterpene has been
reported from a mushroom of the Garnoderma spp., but there have been no previous
reports of this compound in F. cajanderi. The fruiting body of Garnoderma spp was
extracted with chloroform and separated by HPLC with a reverse phase silica gel
column and gave three pure crystalline compounds including an ester of malonic acid
of a lanostanoid type triterpene (Chairul et al., 1990). There are no previous
biological activity reports for this compound, but there are reports of triterpene
compounds in different plants and mushrooms. The crude hydroalcoholic extract
from leaves of Sphagneticola trilobata (Asteraceae) which contains terpenes and
flavonoids among its major secondary metabolites, indicated antimicrobial activity
against bacterial cultures isolated from human and dog skin (Greice et al., 2019). The
triterpenes and steroids of Chaga mushroom showed activity against various cancer

cell lines in vitro and in vivo (Krohn et al., 2011).

Generally phytochemical profiles are determined by several methods such as NMR,
LC-MS, GC-MS and chemical tests or reagents. Llauradd et al. (2013) detected
phytochemical profiles using different reagents such as Dragendorff’s and Wagner
reagents to detect alkaloids, Lieberman-Burchard and Solkowski assays were used to
identify terpenoids and Fehlings and Benedict reagents were used for reducing sugars
(Llaurado et al.,, 2013). In this study NMR, LC-MS and reagents such as
anisaldehyde-H,SO, spray were used to identify the compounds.

The crude extracts from P. everhartii, P. laevigatus and F. cajanderi, fractions, semi-

purified compounds from F. cajanderi and pure compounds P and E from P.

everhartii were then evaluated for their biological activities in Chapter 3.
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Chapter 3 Biological activity
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3.1 Introduction

Medicinal mushrooms have been demonstrated to have bioactivities, including anti-
cancer, anti-Alzheimer, anti-microbial and anti-inflammatory effects. Various
methods have been used to screen biological activity. This chapter aims to evaluate
the biological activity of crude extracts from the mushrooms and isolated compounds

described in Chapter 2.

3.1.1 Cytotoxicity

In vitro cytotoxicity assays are used to determine toxicity of extracts or compounds
in cell culture by measuring the number of viable cells remaining after a defined
incubation period (Riss et al., 2011). The AlamarBlue™ assay is commonly used to
evaluate metabolic function, manitoring cellular health and assesses cell viability and
cytotoxicity (Rampersad, 2012). AlarmarBlue™ is water-soluble, stable in culture
medium, non-toxic, permeable through cell membranes and contains fully oxidised
resazurin which is blue and non-fluorescent (Pace & Burg, 2013). Reduction of
resazurin to resorufin in a redox reaction results in a colour change that is pink and
fluorescent. This reaction can measure the intracellular process and metabolic
activity in terms of a quantitative colormetric and/or fluometric reading or qualitative
as a visible change in colour (Rampersad, 2012). Cytotoxicity assay is widely used
by the pharmaceutical industry to evaluate the potentioal antitumoral effect of
chemotherapheutic drugs (A. M. Silva et al., 2019). Therefore in this study,

cytotoxicity was used as measure to screen for anti-cancer activity.

3.1.2 Anti-Alzheimer activity

Oxidative stress has been detected in a number neurodegenerative diseases and it has
been reported that H,O, induced apoptosis in neuron of the central nervous system.
H.O, is a major Reactive Oxygen Species (ROS) so inhibition of ROS production is
able to prevent from damage or death that lead to neurodegenerative diseases (Park
et. al., 2015.
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At present, cholinesterase inhibition is the main treatment for Alzheimer’s disease
(AD). An acetylcholinesterase (AChE) inhibitor inhibits cholinesterase from
breaking down acetylcholine (Ach) that is associated with loss of cholinergic neurons
in the brain and a decreased level of Ach (Krsti et al., 2013). There are several AChE
inhibitors that have been approved by the Food and Drug Administration in United
States such as tacrine, donezepil, rivastigmine and galantamine (Filho et al., 2006).
However, the previous AChE inhibitors which mentioned above showed many side
effects such as nausea, vomiting, headaches, diarrhoea, and dizziness (Mehta et al.,
2012). Amplex Red (10-acetyl 3,7 dihydroxyphenoxazine) is fluorogenic probe has
been used to detect and quantify hydrogen peroxide in cell-free systems and in
cellular systems where the probe is used for determination of extracellularly released
H,O, (Debski et al., 2016). It is promising tools used to measure AchE activity. The
methods includes a series of coupled enzyme reaction involving Ach, choline
oxidase, HRP and Amplex Red, which ultimately produce fluorescent resorufin
(Santillo & Liu, 2015). AChE hydrolyzes acetylcholine (ACh) into choline, which
will be transformed to the fluorescent resorufin in a series of reactions that include
generation and use of H,0O,, choline oxidase, horseradish peroxidase, and Amplex

Red (10-acetyl-3,7-dihydroxyphenoxazine) (Figure 3.1).
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Figure 3.1 Amplex Red assay scheme for measuring AchE activity, in which a
series of three coupled enzyme assays ultimately produce resorufin, a fluorescent

species.

3.1.3 Antimicrobial activity

Currently there are many screening methods for determining antimicrobial activity
such as bioautography, diffusion and dilution methods (Valgas et al., 2007). In this
project, agar well diffusion was used for preliminary screening. It is widely used and
a simple test for antimicrobial activity (Balouiri et al., 2016). The agar diffusion is
conventionally used and it is inoculated with a standardised bacterial suspension. The
test sample, containing the potential active compound as deposited in a well created
in a cylinder (plug) is placed on the inoculated agar plate (Munir et al., 2020). The
test sample diffuses in the agar medium that has a microbial inoculum spread on the

surface and inhibits the growth of the microbial strain. This growth inhibition
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diameter is dependent on the antimicrobial susceptibility of an organism, the
diffusion potential of testing antimicrobial agents in agar medium, and the efficacy of

the active compounds (Munir et al., 2020).

3.1.4 Anti-inflammatory activity

TNF-a is a member of the cytokine family being considered a proinflammatory
substance produced by macrophage and other cells belonging to the innate immunity
(A. M. Silva et al., 2019). TNF-a is a key mediator of inflammatory response (Ismail
et al., 2006). TNF-a is well characterized as a pathogenic mediator in diverse
inflammatory diseases, including Alzheimer’s disease (AD), Parkinson’s disease

(PD), stroke, psoriasis, arthritis, septic shock, and pulmonary disorders.

NF«B is a central mediator of pro-inflammatory gene induction and functions in both
innate and adaptive immune cells and regulates a large array of genes involved in
different processes of the immune and inflammatory response (Liu et al., 2017).

NF«B targets therapeutics in inflammatory diseases by blocking NFkB activity.

THP-1 cell line was isolated from the peripheral blood of a 1-year old male patient
suffering from acute monocytic leukemia (Chanput et al., 2014). This cell line has
been widely used to study immune responses. THP-1 monocytes can be fully
differentiated into macrophages using phorbol-12-myristate-13-acetate (PMA) after
at least 48 h of incubation at a minimal concentration of 100 ng/ml PMA (162 nM)
(Chanput et al., 2014). THP-1 cells were used to investigate the anti-inflammatory
properties of the extracts and compounds in this project, by measuring cytokine
release stimulated with LPS.

Mushrooms have been used for their medicinal properties for centuries and have
been a significant therapeutic raw material in folk medicines (Muszynska et al.,

2018) Anti-inflammatory compounds from mushrooms are summarized in Table 3.1.
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Table 3.1 Example of anti-inflammatory compounds in mushrooms.

Bioactive Mushroom species Assay model Results/mechanism of action References
compound
Polysaccharides | Agaricus blazei Mouse bone marrow-derived | Inhibition of IL-6 production, down regulation | Song et. al.,
mast cells (BMMCs) stimulated | of phosphorylation of Akt, inhibition offs- | 2012
with PMA+A23187 hexosaminidase degranulation, inhibition of
prostaglandin D(2), and leukotriene C(4)
production.
Polysaccharides | Pleurotus (i) Male Swiss mice (acetic | (i) Dose-dependent anti-inflammatory | Smiderle et
pulmonarius acidinduced inflammation) response, inhibition of leukocyte | al., 2013
migration(82%), 1C500f 1.19 (0.74-1.92)
mg/kg, 3 mg/kg i.p. glucan injection reduced
85% of writhes
(i) Mice (3.5% dextran sulfate | (ii) Fruiting body and mycelia extracts | Lavi et al.,

o1




sodium,DSS in drinking water
for 14 days, with20 mg fruiting
body or mycelia

extract/mouse/day)

suppressed inflammatory reactions in vivo in
DSS induced colonic inflammation by down
regulating TNF-a secretion and inhibiting NF-

kB activation

2012

Lavi et al.,
2010

(iii) Acetic acid induced colitis
in rats(2% pleuran, or 0.44%

hydrogel for 4weeks)

(iii) Reduction in macroscopic damage score by
51 67% diet

hydrogel,respectively; reduction in the activity

and for pleuran and

of myeloperoxidase and neutrophil infiltration

Bobek et al.,
2001

(iv) Murine
RAW264.7cells, female Balb/C

mice

macrophage

(iv) LPS-induced

dependentactivation of TNF-a, IL-6, and IL-

Suppression of

12, inhibitionof LPS-induced production of
PGE2 and NO. Suppression of LPS-induced
production of TNF-ain mice and concanavalin
A-stimulated proliferation and secretion of

INF-y,IL-2,andIL-6 in mouse splenocytes

Jedinak et
al., 2011
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Polysaccharides | Caripia montagnei | (i)MaleSwissmicetreatedwith10, | (i) 50 mg/kg glucan reduced inflammatory | Queiroz et
30,and 50 mg/kg  with | infiltrate produced by thioglycolate-induced | al., 2010
mushroom glucan peritonitis by 75.5%, reduced NO level, IL-
1ra,IL-10, and IFN-y
Polysaccharides | Lactarius rufus (i) Swiss mice, formalin-induced | (i) Inhibition of neurogenic pain by 36, 47, | Andrea
nociception, 30 mg/kg i.p. of | and58% for soluble, insoluble, and modified | Caroline
fruiting body extract (soluble, | glucans, respectively Ruthes et al.,
insoluble, andmodified) 2013
Polysaccharides | A. bisporus (i) Male Swiss mice, formalin- | (i) Inhibition of neurogenic and inflammatory | Andrea  C.
induced licking phases, antinociceptive effect with 1C500f | Ruthes et al.,
36.0(25.8-50.3 mg/kg)(ii) Decreased iNOS and | 2013

COX2

Polysaccharides

Lentinus edodes

i) Male Swiss mice, acetic acid

induced inflammation, 3-100

(i) Inhibition of induced nociception with
IC500f 13.8 (7.8-23.5) mg/kg, 97% inhibition

Carbonero et
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mg/kg i.p.  fruiting  body

concentrate

at100 mg/kg

(i)  Inhibition of peritoneal capillary
permeability and leukocyte infiltration
(76%inhibition), 1C5013.9, 8.2-23.7, and
100%inhibition, 1C506.5, 1.5-28.2 mg/kg,

respectively

al., 2008

Polysaccharides

L. polychrous

(i) Carrageenan-induced paw
edemain male Sprague-Dawley
rats, murine macrophage RAW
264.7 cells

(i) Dose-dependent inhibition of NO,
intracellular ~ O2—production(ii)  Decreased
expression  of INOS, IL-1B,IL-6,TNF-
a,andCOX-2

Fangkrathok
etal., 2013

Polysaccharides

Termitomyces

albuminosus

(i) Acetic acid induced writhing
in male ICR mice, formalin test,
xylene, and carrageenan induced

ear edema

(i) Inhibition of ear swelling by 61.8, 79.0,
and81.6% for treatment with dry matter of the
culture broth (1000 mg/kg), crude saponin
extract (200 mg/kg), or crude polysaccharide
extract (200 mg/kg), respectively

Lu et al,
2008
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Polysaccharides | Phellinus linteus (i) Croton oil induced ear edema | (i) Extract treatment with 1 mg/ear gave 45 and | Kim et al.,
and acetic acid induced writhing | 41.5% inhibition in ear plug weight and | 2004
in male ICR mice thickness, respectively; oral administration of
extract (100400 mg/kg) inhibited writhing
number (35.9-68.9%)
Polysaccharides | Pholiota nameko (i) Xylene induced ear edema, | (i) Extract (5 mg/ear) inhibited ear edema, | Li et al.,,
adult Swiss mice and Sprague- | suppression of egg albumin, carrageenan and | 2008
Dawley rats, formaldehyde, egg | formaldehyde-induced paw edema at100-400
alboumin, and  carrageenan | mg/kg i.p., 10.96-43.75% inhibition of
induced paw edema in rats and | granuloma tissue growth, no production of
mice gastric lesions in rats
Polysaccharides | Flammulina (i) Male Wistar rats, fed100-300 | (i) Decreased levels of | Wu et al,
velutipes mg/kg mushroom for 30 days CD4+CD8+,MPO,andICAM-1, with increased | 2010
level in IL-10 in serum
Terpenoids Cyathus africanus | (i) Mouse monocyte- | (i) Cyathins D-H 3 and 5, neosarcodonin, | J. Han et al.,
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macrophage RAW 264.7 cells, | and11-O-acetylcyatha-triol inhibited | 2013
NO assay NOproduction with an IC50value of 2.75, 1.47,
12.0,and 10.73uM, respectively
Terpenoids C. hookeri (i) Mouse monocyte- | (i)InhibitionofNOproductionwithanlC500f15.5, | Xu et al.,
macrophageRAW 264.7 cells, | 52.3, and 16.8uM, respectively. 2013
NO assay
Terpenoids Ganoderma (i)  LPS-stimulated  murine | (i)InhibitionofTNF-&,  IL-6, NO, and | Dudhgaonka
lucidum macrophageRAW 264.7 cells, | PGE2,downregulation of iNOS and COX- |retal., 2009
NO assay 2,inhibition of NF-xB, decreased NF-xB-
DNAbinding activity, and suppression of
p65phosphorylation
(i) Acetic acid induced ear | (ii) Significant inhibition of | Akihisa et
edema infemale ICR and | inflammation(1ug/ear) in mice with IC50values | al., 2007
SENCAR mice between0.07 and 0.39 mg/ear, with inhibition

ratiorangingfrom58t097%
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Terpenoids

Inonotus obliquus

(i) Murine macrophage RAW
164.7cells

(i) Reduced nitrate levels by an average of
50%,dose-dependent inhibition of IL-18,IL-
6,andTNFa

(ii) Trametenolic acid, ergosterol peroxide,3f-
hydroxy-8,24-dien-21-al, ergosterol and
inotodiol inhibited NO production, and NF-xB
luciferase  activity, with an inhibition
percentage of 50.04, 36.88, 20.36, 6.00,
and3.13%, respectively

(iii) Methanolic extract inhibited production of
NO, prostaglandin E2,andTNF-a, inhibition of
MRNA expression of iINOS and COX-2

Van et al.,
2009

Ma et al,
2013

Park et al.,
2005

Peptides

Cordyceps sinensis

(i)  Acetic acid induced

inflammation in mice

(i) Decreased level of TNF-a,IL-15,dose-

dependent inhibition of abdominal constrictions

Qian et al.,
2012
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Phenolics Lactarius ) LPS-stimulated RAW | (i) 0.5 mg/mL mushroom extract inhibited | Moro et al.,
deliciosus 364.7macrophage cells, nitrite, | NOproduction and expression of INOS, IL-| 2012
and cytokine assays 18,andIL6 mRNAs
Phenolics Daldinia childiae (i) LPS-stimulated RAW | (i) Daldinals suppressed NO production | Wu et al.,
264.7macrophage cells withlC50values ranging between 4.6 and | 2010
15.2uM and inhibited iNOS mRNA synthesis
Phenolics Albatrellus (1) LPS-stimulated  mouse | (i) Grifolins inhibited NO production with IC50 | Quang et al.,
caeruleoporus macrophage RAW 264.7 cells values ranging between 22.9 and 29uM 2006
Syringaldehyde | Elaphomyces (1) Mouse macrophage RAW | (i) Crude ethanolic extract (50ug/mL)inhibited | Stanikunaite
and syringic | granulates 264.7cells COX-2  activity by 68%, purified | etal., 2009
acid syringaldehyde, and syringic acid

inhibitedCOX-2 activity in a dose-dependent
manner, with an IC500f 3.5 and 0.4ug/mL,

respectively
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Agaricoglycerid | Grifola frondosa

€s

(i) Acetic acid- and formalin-
induced inflammation in Wister
rats, treatment with orally fed
extracts(100-500 mg/kg/day)

(1) 500 mg/kg/day inhibited induced up
regulation of NF-xB and the production ofIL-
18, TNF-a, ICAM-1, COX-2, and iNOS,
suppressed acetic acid induced abdominal
constrictions and formalin-induced

spontaneous nociceptive behavior

C. Han &
Cui, 2012

Source: (Elsayed et al., 2014)
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In this study three different methods were used to investigate anti-inflammatory
property. Firstly TNF-a production from differentiated THP-1 cells stimulated with LPS
was used to measure ability of crude extract and purified compound to decrease
proinflammatory cytokines. A second assay was carried out using L929 cells to
confirm the ability of the extracts to protect against TNF-a induced cytotoxicity. The
analysis of TNF-a cytotoxicity in the standard 1.929 bioassay was simple and rapid
bioassay with characteristics of high sensitivity and good reproducibility. The
literature reviewed that the standard error of the sample mean (SEM) in the standard
L929 assay for TNF-quantitation was reported to range from 5-15% and L929
bioassay system was rather consistent so it would be of benefit to the analysis or
quantitation of TNF-a cytotoxicity. In the last assay NCTC cells were used to study
the ability to inhibit or decrease NF-KB expression. The transcription factor NF-kB is a
critical regulator of immune and inflammatory responses. NCTC cells can be transfected
with a NF-KB luciferase reporter vector. Once NF-KB is activated, this vector is bound to
the NF-KB and luciferase will be detected by luminescence at 961nm wavelength.
Therefore, anti-inflammatory agents show low luminescence readings while

inflammatory agents show high luminescence readings.
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3.2 Materials and Methods

3.2.1 Materials

3.2.1.1 Cell lines

A2780 ovarian carcinoma (ECACC 93112519)
e A375 malignant melanoma (ECACC 88113005)
e LNCaP prostate carcinoma (ECACC 89110211)
e PNT2 normal prostate (ECACC 95012613)

e ZR75-1breast carcinoma (ECACC 87012601)

e [ 929 (ECACC 85011425)

e NCTC 2544 stably expressing PAR-2

e SHSY5Y (ECACC 94030304)

e THP-1 (ATCC TIB 202)

3.2.1.2 Microoganism strains

e Bacillus subtillis ATCC 6633

e Staphylococcus aureus ATCC 25923

e Listeria monocytogenes DMST31802
e Pseudomonas aeruginosa ATCC 9027
e Escherichia coli ATCC8739

e Salmonella Typhimurium ATCC11331
e Salmonella Enteritidis DMST15676

3.2.1.3 Reagents and chemicals

e 3,35 5'-tetramethylbenzidine (TMB) (Sigma Aldrich, UK)

e Actinomycin D (Sigma Aldrich, UK)

e Amplex Red (Sigma Aldrich, UK)

e AlamarBlue™ Cell Viability Assay (Invitrogen, UK)

e Bright-Glo (Promega, USA)

e CellTiter-Glo® Reagent (Promega, USA)

e Dulbecco’s Modified Eagle’s Medium (DMEM) (Gibco, UK)
o Foetal calf serum (FCS) (Invitrogen, UK)
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L-glutamine (Invitrogen, UK)

Lipopolysaccharide (LPS) (Sigma Aldrich, UK)

MG132 (Sigma Aldrich, UK)

Nutrient agar (Merck, USA)

Nutrient broth (Merck, USA)

Penicillin/Streptomycin (Invitrogen, UK)

Phorbol 12-myristate 13-acetate (PMA) (P8139) (Sigma Aldrich, UK)
RPMI 1640 (Lonza, Belgium)

Resazurin sodium salt (Sigma-Aldrich, USA)

Sodium acetate (Sigma Aldrich, UK)

Sodium chloride (Sigma Aldrich, UK)

Sodium phosphate dibasic heptahydrate (Sigma Aldrich, UK)
Sodium phosphate monobasic (Sigma Aldrich, UK)

Sodium pyruvate (Sigma Aldrich, UK)

TNFa Ready-Set-Go Kit (eBioscience, USA)

Tris-HCI (Sigma Aldrich, UK)
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3.2.2 Methods

3.2.2.1 Cytotoxicity assay for anti-cancer activity

A cytotoxicity assay was carried out with reasazurin sodium salt in solution to
measure the metabolic activity of crude extract and to detect the effect of crude
extracts on cell viability. Cells were seeded in a 96 well plate at a density of
1x10°cells/ml in 100 pl per well and incubated at 37°C in 5% CO, and 100%
humidity for 24 h. The crude extracts (1 mg) were dissolved in 1ml DMSO and
serially diluted 1:2 starting with a final concentration of 125 pg/ml to 1.76 pg/ml;
these were added to the cells (100 pl/well) and incubated for a further 24 h.
Resazurin (10% v/v) was added to each well and incubated with the cells for 24 h.
The absorbance was read at 560 nm and 590 nm using a M5 Spectramax Plate
Reader (Molecular Devices, USA) and the cell viability calculated as a percentage of
the untreated control reading:

% Cell viability = Mean (OD560-590) test agent X 100
Mean (OD560-590) untreated control

3.2.2.2 Agar well diffusion assay for antimicrobial activity

Seven microbial strains (section 3.2.1.2) were used in an agar diffusion assay. The
microorganisms were grown in Nutrient agar (NA). The growth of microorganism
on NA was suspended in saline to adjust the turbidity with 1 McFarland standard
(3x10%fu/ml). The suspension was inoculated onto the surface of the agar with a
cotton swab. Cork borer No 3 (7.5 mm diameter) was use to punch wells into the test
agar plate containing 20 ml medium agar (NA). The 70 ul of test sample, final
concentration 1 mg/ml was loaded into the bored well. The inhibition zone was

observed as indicators of antimicrobial activity after 24 h.
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3.2.2.3 Anti-inflammatory activity
3.2.2.3.1 Determination of TNF-a from THP-1 cells
3.2.2.3.1.1 THP-1 cell culture

THP-1 cells were maintained in complete RPMI-1640 medium. Complete medium
consisted of 500ml RPMI 1640 medium, 50ml FBS, 5ml penicillin/streptomycin and
5ml L-glutamine. Cells were incubated at 37°C, 5% CO, and 100% humidity. A
suspension of 500 ul of THP-1 cells was seeded in a 24 well plate at a density of
1x10°cells/ml with phorbol 12-myristate 13-acetate (PMA) at a concentration of 60
ng/ml in each well, and incubated at 37°C in 5% CO, and 100% humidity for 48 h.
The differentiated cells were checked and then the medium re-freshed to the same
volume without PMA and incubated for a further 24 h. Extracts (500 pl) at different
non-toxic concentrations based on the cytotoxicity assay (section 3.2.2.1) were added
together with lipopolysaccharide (LPS, 1 pg/ml) and without LPS and then incubated
for another 24 h. The supernatants were aspirated and stored at -20 °C until analysed
by Enzyme-Linked Immunosorbent Assay (ELISA) (section 3.2.2.3.1.2).

3.2.2.3.1.2 TNF-a ELISA

TNF-a levels were used to investigate the anti-inflammatory activity of supernatants
from THP-1 cell following the manufacturer’s instructions of a Ready-Set-Go Kit
(eBioscience, USA). ELISA plates were coated with 100 pl/well of capture antibody
in 1x coating buffer and then the plate was sealed and incubated overnight at 4°C.
The supernatants were discarded and the wells washed 3 times with wash buffer
(1xPhosphate Buffered Solution (PBS) [Na;HPO,4 2.3 g, NaCl 8 g, KH,PO, 0.2 g and
KCI 0.2 g, adjusted pH to 7.2-7.4] plus 0.05%, v/v, Tween-20) and then blocked with
200 ul/well of 1x diluent and incubated at room temperature for 1 h. The
supernatants were then discarded and washed at least once with wash buffer and 100
ul of samples were added per well in triplicate wells. Similarly, TNF-a standard at
different concentrations were plated out to construct a standard curve. The plates
were sealed and incubated at room temperature for 2 h and washed 3-5 times and
then 100 ul detection antibody diluted 1x in diluent was added to each well and

incubated at room temperature for 1 h. The wells were washed 3-5 times with wash
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buffer and Avidin-Horseradish peroxidase (HRP) diluted 1x in ELISA/ELISPOT
diluent was added (100 ul/well). After incubation at room temperature for 30 min the
wells were washed with wash buffer 5-7 times and 3,3',5,5'-tetramethylbenzidine
solution was added (100 ul/well). The plate was incubated at room temperature for
15 min and 50ul stop solution (2N H,SO,) added to each well. The plate was read at
450 nm on a M5 Spectramax Plate Reader (Molecular Devices, USA) and the TNF-a
was calculated from the standard curve. Statistical analysis was carried out using

with a Dunnett’s Multiple Comparison Test.
3.2.2.3.2 NFkB luciferase assay

NCTC cell line transfected with a Nuclear Factor Kappa Beta (NFxB) luciferase
reporter vector was used to detect NFkB by luminescence at 961 nm wavelength.
The NCTC cell was seeded using 10% (v/v) FBS in M199 medium in a 96 well plate
at a density of 1x10%cells/well in 200 pl per well and left at room temperature for at
least 30 min followed by incubation at 37°C in 5% CO, and 100% humidity for 48 h.
The medium was removed and replaced with 50 pl/well of phenol red free
Dulbecco’'s Modified Eagle Medium (DMEM) without FBS and kept in an incubator
until the samples or standard MG132 50 pl were added in each well. MG132 was
used as a positive control and media with no TNFa was used as a negative
control/background. The plate was then incubated at 37°C for 4 h. The medium was
removed and 50 pl per well of Bright-Glo (made up in phenol red free DMEM
medium) added and then incubated in the dark for 10 min at room temperature. The

plate was read on a Victor 1s096 luminescence plate reader (Perkin ElImer, USA).
3.2.2.3.3 Determination of TNF-a from L929 cells

L929 cells were seeded in a 96 well plate at a density of 1x10°cells/well and
incubated at 37°C in 5% CO, for 24 h. Twenty five microlitres of medium (DMEM +
2mM Glutamine + 10% FBS) was removed and replaced with samples serially
diluted; final concentration 30 pg/ml and incubated 30 min at 37°C in 5% CO,. Then
10 uM of Actinomycin D was added to all wells and incubated for 30 min at 37°C in
5% CO,. After 30 min, TNF-a (10 pg/ml), was added to all wells and incubated

overnight at 37°C in 5% CO,. AlamarBlue™ (10% v/v) was added to each well and
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incubated for 5 h at 37°C in 5% CO,. The absorbance was read at Excitation 560 nm

and Emission 590 nm using a M5 Spectramax Plate Reader.
3.2.2.5 Potential AD therapeutic screening

3.2.2.5.1 Electric eel anti-AchE activity

The enzymatic activity of Electric eel AchE (100 U/ml) Type VI-S was determined
using Amplex Red detection. The reaction was performed in 96 well half area plates.
The assay buffer (50 mM Tris-HCI, pH 8) was prepared. The working solution per
plate consisted of 2.45 ml buffer, 25ul choline oxidase (20U/ml), 12.5ul HRP (400
U/ml) and 12.5 pl Amplex Red (20 mM). Ten microliters of sample, buffer or
reference standard was added to specific wells. Ten microlitres cholinesterase (7 pl
AChE 100 U/ml in 1.75 ml buffer) was added per well and incubated for 30 min at
room temperature, followed by 20 pl working solution and incubated at room
temperature for 20 min. The fluorescence was then measured on a plate reader
(Wallac Victor, USA) at absorbance 560nm/590nm (Excitation/Emission).

3.2.2.5.2 Neuroprotective activity

SHSYS5Y cells were maintained in complete DMEM medium. Complete medium
consisted of 500ml DMEM medium, 50ml FBS and 5ml penicillin/streptomycin.
SHSY5Y cells at a density of 1x10*cells/ml were seeded in a 96 well plate and
incubated at 37°C in 5% CO, and 100% humidity for 24 h. The cells were then
treated with samples at different concentrations from 0.05 pg/ml to 100 pg/ml and
incubated at 37°C in 5% CO, and 100% humidity for 24 h and then hydrogen
peroxide (final concentration 100 pM, 25 pl) was added and incubated at 37°C for 30
min. The plate was left for a further 30 min at room temperature before adding
CellTiter-Glo® Reagent which was mixed for 2 min on an orbital shaker and
incubated at room temperature for 10 min. The plate was read on a plate reader

(Wallac Victor, USA) using luminescence.
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3.3 Results

3.3.1 Cytotoxicity of EtOH crude extract from P. everhartii, P. laevigatus and F.

cajanderi

Crude extracts from the three mushrooms were tested against five different cell lines
starting from 1.76 pg/ml to 125 pg/ml. Cytotoxicity was defined as decreasing cell
viability less than 50% compared with the untreated control and DMSO was used as
a negative (solvent) control to ensure that no effect of DMSO as the same
concentration of sample on cell viabilty. Cytotoxicity was highest at 125 pg/ml in
A2780 (Figure 3.2), A375 (Figure 3.3) and LNCaP (Figure 3.4) cells, but there was
no cytotoxicity against ZR75-1 cells (Figure 3.5) nor in the normal cell line PNT2
(Figure 3.6). The crude extracts of P. laevigatus and P. everhartii were not cytotoxic
to the normal cell line at all concentrations while F. cajanderi was cytotoxic to PNT2
cells at the highest concentration only. Table 3.2 shows the IC50 values.

A2780
150+
3 P. everhartii
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Figure 3.2 Cytotoxicity of EtOH extracts from three mushrooms against ovarian
cancer cell line A2780. n=3, * represents a significant (p<0.05) decrease in viability

compared with the untreated group.
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Figure 3.3 Cytotoxicity activity of EtOH extracts from three mushrooms against

melanoma cancer cell line A375. n=3
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Figure 3.4 Cytotoxicity activity of EtOH extracts from three mushrooms against
prostate cancer cell line LNCaP. n=3, * represents a significant (p<0.05) decrease

in viability compared with the untreated group.
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Figure 3.5 Cytotoxicity activity of EtOH extracts from three mushrooms against

breast cancer cell line ZR75-1. n=3, * represents a significant (p<0.05) decrease in

viability compared with the untreated group.
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Figure 3.6 Cytotoxicity activity of EtOH extracts from three mushrooms against

normal cell line PNT2. n=3, * represents a significant (p<0.05) decrease in viability

compared with the untreated group.
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Figure 3.7 Cell morphology of A2780, A375, LNCaP, ZR75-1 and PNT2 cell lines after incubation with crude extracts (EtOH) at

concentration 125 pg/ml from P. everhartii, F. cajanderi and P. laevigatus for 24 h (Bar =100um).
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Table 3.2 IC50 (ng/ml) of crude extract (EtOH) of P. everhartii, F. cajanderi and P. laevigatus against a panel of cancer cell lines.

Crude extract

IC50 pg/ml+ SEM

LNCaP A2780 A375 ZR75-1
P. everhartii 80.46+2.07 143.10+0.72 56.99+8.46 >150
F. cajanderi 125.60+9.19 149.70+0.68 57.86+7.16 >150
P. laevigatus 125.90+12.09 118.10+0.78 49.75+5.51 >150
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3.3.2 Antimicrobial Activity

An agar well diffusion assay was used for investigating the antimicrobial activity of
PE EtOH, PL EtOH and FC EtOH. The results are shown in Table 3.3. Only FC
EtOH showed antimicrobial activity against three gram-positive bacteria (B. subtillis,

S. aureus, and L. monocytogenes) and one gram-negative strain (P. aeruginosa).
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Table 3.3 Inhibition zone diameters (mm) in agar well diffusion assay. Data represents mean £ SEM, n=3.

Crude extract

Zone of inhibition mm = SEM

P. aeroginosa B. subtillis S. auureus E. coli S. Typhimurium S. L.
Enteritidis monocytogenes
PE EtOH 0 0 0 0 0 0 0
FC EtOH 11.17+0.17 14.17+0.29 14.5+0.29 0 0 0 16+0.17
PL EtOH 0 0 0 0 0 0 0




3.3.4 Anti-Alzheimer’s disease activities

3.3.4.1 AChE inhibition assay

The profile of AChE hydrolysis of the standard tacrine and two samples: P and E are
presented in Figure 3.8. The percentage inhibition increased when the concentration
of tacrine and the two samples increased. The highest percentage of inhibition was

around 70% that was observed at concentration 150 pg/ml in both samples.
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Figure 3.8 Effect of standard tacrine compared with compound E from P.

everhartii and purchased (P) on AChE activity. Data represents mean + SEM, n=3.
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3.3.4.2 Neuroprotective activity against hydrogen peroxide in SHSY5Y cells

SHSYSY cells were treated with different concentrations of P and E samples from
0.05 pg/ml to 100 pg/ml and then treated with H,O, (100 uM). The cell viability was
investigated using CellTiter-Glo® Reagent. The results in Figure 3.9 show the
protection percentage of E increased when the concentration of the compound
increased and protection percentage of P was less than 20% from concentration 0.05-
100 pg/ml. The highest protection percentage of P was 20% at concentration 1
pg/ml, 5 ug/ml and 10 pg/ml and the highest protective percentage of E was
approximately 40% at 50 pg/ml. The protective percentage showed increase

significantly (P<0.05) at concentration 50 and 100 pg/ml.

Neuroprotective H,O, 100 uM

% Protection
w
| —
1

Concentration(ug/ml)

Figure 3.9 Neuroprotective effect of compound E from P. everhartii and
purchased (P) against H,O; induced cell toxicity. Data represents mean £ SEM,

n=3. *P<0.05 is significant increase in % protection.
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3.3.5 Anti-inflammatory activity
3.3.5.1 Determination of TNF-a release by ELISA

3.35.1.1 TNF-a assessment of PE EtOH, PL EtOH and FC EtOH in
differentiated THP-1 cells stimulated with LPS

THP-1 cells were differentiated and then treated with LPS (1pg/ml) in order to
investigate the production of TNF-a. If the extract inhibited the production of TNF-
a, potential anti-inflammatory activity was deemed present. Three concentrations of
ethanol crude extracts (31.25ug/ml, 7.81pg/ml and 1.76pg/ml) that were not toxic to
the cells were chosen. PE EtOH without LPS stimulated TNF-a secretion at all
concentrations (31.25ug/ml, 7.81ug/ml and 1.76ug/ml). Three of EtOH crude
extracts showed a significant (P<0.05) decrease in production of TNF-a at
concentration 31.25ug/ml for PE EtOH, 31.25ug/ml and 7.81ug/ml for FC EtOH and
1.76pg/ml for PL EtOH compared with the control (THP-1 cells with LPS) (Figure
3.10). The crude extracts of the three mushrooms showed anti-inflammatory activity

at all concentrations.
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Figure 3.10 TNF-a production of three mushroom crude extracts at three concentrations 1.76 pg/ml, 7.81pg/ml and 31.25 pg/ml, n=3 in
the presence and absence of LPS. Data represents mean = SEM, n=3. Data analysed using One-Way ANOVA with a Dunnett’s Multiple

Comparison Test.

* indicates significantly (p<0.05) lower values compared with the cells with LPS.
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3.3.5.1.2 TNF-a assessment of pure compound P and E

TNF-o production from differentiated THP-1 cells treated with LPS and seven
concentrations (2, 4, 6, 8, 10, 20 and 30 pg/ml) of P and E are shown in Figures 3.11.
The results show that TNF-a production decreased significantly when the

concentration of compound increased to 20 pg/ml and 30 pg/mi.
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Figure 3.11 TNF-a production of P and E in different concentrations 2, 4, 6, 8,
10, 20 and 30 pg/ml. Data represents mean + SEM, n=3. Data analysed using One-
Way ANOVA with a Dunnett’s Multiple Comparison Test. * P<0.05, ** P<0.01 is

significant decrease in TNF-a vs control cell with LPS.
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3.3.5.2 NFkB Luciferase assay

NCTC cells that include a NFkB reporter gene were treated with TNF-a (10 pg/ml)
to induce NFkB. Test compound P and E was assessed at different concentrations
(Figures 3.13-3.14). The percentage control of NFkB decreased when the
concentration of standard MG132 (Figure 3.12) were increased. P and E decreased
the percentage control of NFkB significantly (P<0.05) (less than 50%) at the highest
concentration 30 pg/ml in both samples P (Figure 3.13) and E (Figure 3.14).

MG132
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Figure 3.12 Effect of standard MG132 on TNF-a induced in NCTC NFxkB cells.
Data represents mean + SEM, n=3.
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Figure 3.13 Effect of P on TNF-a induced NCTC NFxB cell. Data represents

mean + SEM, n=3. * P < 0.05 shows a significant decrease in NF-KB luciferase activity

vs control.
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Figure 3.14 Effect of E on TNF-a induced NCTC NFkB cell. Data represents
mean + SEM, n=3. *P < 0.05 is significant decrease in NF-KB luciferase activity vs

control.
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3.3.7 TNF-a Assay in L929 cell

L929 cells were used to investigate test sample protection of the L929 cells against
TNF-o. The results in Figure 3.15 showed that the percentage of protection varied
around 10-30% at concentration 0.001-30 pg/ml. The highest protection was
observed with 7-methoxyindole-3-carboxylic acid methyl ester compound at 10

ug/ml irrespective to the source.
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Figure 3.15 Effect of extract E and P on protection percentage against TNF-a on

L929 cells. Data represent mean + SEM, n=3. *P<0.05 is significant increase in %

protection.
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3.4 Discussion

The study of mushrooms is growing in popularity because of their attributed health
benefits. The bioactive molecules found in mushrooms such as polysaccharides,
glucans, triterpenes, and alkaloids, contribute greatly to their curative properties like
anticancer, anti-inflammatory, antivirus, and even anti-Alzheimer’s disease (C.-W.
Phan et al., 2018). The crude extract and purified compound from mushrooms were

studied the biological activities.

3.4.1 Cytotoxicity

In this study, three crude extracts from three mushrooms PE EtOH, PL EtOH and FC
EtOH showed cytotoxic activities against four different human cancer cell lines:
ovarian carcinoma (A2780), malignant melanoma (A375), prostate (LNCaP) and
breast carcinoma (ZR75-1) only concentration 125 pg/ml. FC EtOH showed
significantly cytotoxicity against A2780, LNCaP and ZR75-1 at concentration 125
png/ml but it was cytotoxic to PNT2A cells also. The morphology of A2780, A375,
LNCaP, ZR75-1 and PNT2A changed after treatment with FC EtOH 24 h (Figure
3.6). The process of programmed cell death, or apoptosis, is generally characterised
by distinct morphological characteristics. Light and electron microscopy have
identified the various morphological changes that occur during apoptosis. In Figure
3.6 the early process of apoptosis, cell shrinkage is visible by light microscopy. No
one has reported cytotoxicity of F. cajanderi mushroom against any cancer cell lines.
However there were the reports of the same genus of Fomitopsis, but a different
species investigated for cytotoxicity against cancer cell lines. Sutkowska et al. (2018)
reported that F. betulina (Bull) Bk Cui, M. L. Han&Y.C Daiv mycelium extract
exhibited significant cytotoxic activity against DU145 prostate cancer cell at 20
pug/ml and 50 pg/ml and the fruiting body extract showed moderate effects against
A375 melanoma cell line at 50 pg/ml. That showed a moderate effect in both cell
lines at 50 pg/ml. An EtOH extract from F. pinicola showed significant anti-cancer
activity by increasing cell apoptosis and decreasing tumor size in different cancer

cell lines: mouse sarcoma 180 cells (S-180), human hepatoma (HepG2), lung cancer
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(A549), colon cancer (HCT-116) and breast cancer (MDA-MB-231) cell (Wu et al.,
2014). F. lilacinogilva ethanol extracts were highly cytotoxic against the HelLa, HT-
29, MCF-7, MIA PaCa-2 and PC-3 cancer cell lines at IC50 ranged between 42.2 and
79.8 ug/mL(Boukes et al., 2017). Compoundl has been isolated for the first time
from F. cajanderi extract in this project so no report studied about purified
compound 1 on cytotoxicity. However compoundl has been reported from a
mushroom of the Garnoderma spp and showed 70% cell viability of anti-tumour
promoter activity (Chairul et al., 1990). Thus the purified compound 1 from F.
cajanderi might be a potential compound for anti-tumour and should be continued

studying on cytotoxicity against cancer cell line of purified compound 1 in the future.

This is the first time that cytotoxicity activity of P. everhartii and P. laevigatus has
been studied in human cancer cell lines: ovarian carcinoma (A2780), malignant
melanoma (A375), prostate carcinoma (LNCaP) and breast carcinoma (ZR75-1) and
showed the cytotoxicity activity at concentration 125 pg/ml after 24 h. In previous
studies, Phellinus mushrooms have been studied and found to have cytotoxicity
activity in different cancer cell lines for example the fruiting bodies from P.
rhabarbarinus exhibited cytotoxicity against five human cancer cell lines: breast
cancer SK-BR-3, hepatocellular carcinoma SMMC-7721, human myeloid leukemia
HL-60, pancreatic cancer PANC-1, and lung cancer A-549 cells (Feng et al., 2016).
Sekli¢ et al. (2016) showed that P. linteus (Berk. et Curt) Teng extract significantly
decreased cell viability in both tested colon cancer cell lines HCT-116 and SW-480
with IC 50 200.58 pg/ml and 169.80 pg/ml after 72 h. Comparing with the 1C 50 of
PE EtOH FC EtOH and PL EtOH against cancer cell lines in this study were around
50-150 pg/ml which were lower than previous study. Xue et al. (2011) reported that
polysaccharide (PB) was isolated and purified from P. baumii that induced apoptotic
cell death in HepG2 cells after 48 h. Atractylenolide | was a major substance which
was isolated from EtOAc extract of P. linteus grown on germinated brown rice
showed potent anticancer activity against human colon carcinoma (HT-29) cell line
at 5-100 pg/ml for 48 h (Jeon et al., 2013). Fraction PL-ES from P. linteus showed
anticancer activities on 10 different human cancer cell lines PC-3 (prostate cancer

metastasis to bone), DU-145 (prostate cancer metastasis to brain), and LNCaP
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(prostate cancer metastasis to lymph node), bladder cancer T24, kidney cancer
ACHN, lung cancer A549, breast cancer MCF-7, stomach cancer AGS, liver cancer
HepG2, and brain cancer U-87 cells at concentration 100 pg/ml at 72 h (Konno et al.,
2015). Comparing the previous studies from Phellinus, the incubation time of this
study is only 24 h, but in previous studies the incubation was 48 and 72 h. Only
EtOH crude extract was investigated in cytotoxicity against cancer cell lines however
the purified compound should be tested in the future and it might show cytotoxicity
activity at lower concentrations of the pure compound. 7-methoxyindole-3-
carboxylic acid methyl ester was isolated for the first time from P. everhatii as
mentioned in Chapter 2. Samchai et al., 2011 isolated 7-methoxyindole-3-carboxylic
acid methyl ester from P. linteus, but no biological activity has been reported.
Therefore, the pure compound 7-methoxyindole-3-carboxylic acid methyl ester
should be considered for cytotoxicity activity in future work.

3.4.2 Antimicrobial activity

One of the best natural antimicrobial resources is mushrooms. The crude extract of F.
cajanderi in this study showed antimicrobial activity against three gram-positive
bacteria (B. subtillis, S. aureus, and L. monocytogenes) and one gram-negative strain
(P. aeruginosa) at 1 mg/ml. Shen et al. (2017) reviewed that mushroom 158 species
from 88 genera have been reconised to have antimicrobial properties such as F.
pinicola, F. officinalis, F. lignosus, P. baumii, and A. bisporus. In another study, F.
pinicola demonstrated strong activity against gram-negative bacteria E. coli, K.
pneumonia, P. aeruginosa, Proteus mirabilis with a MIC value of 0.625-2.5 mg/ml
(Nowacka et al., 2015). The exopolysaccharide of F. feei showed the most effective
antimicrobial against gram-negative bacteria, especially Proteus vulgaris and P.
aeruginosa (N et al., 2017). F. pinicola exhibited antibacterial and antifungal activity
of B. subtilis, E. coli, S. aureus, K. pneumonia, P. aeruginosa, P. vulgaris, C,
albicans, S. cerevisiae, A. fumigatus and P. chrysogenum at 150 mg/ml (Pala et al.,
2019). All previous studies showed the antimicrobial activity of different Fomitopsis
species at a concentration more than 1 mg/ml compared with the concentration in this
study that was 1 mg/ml. Moreover this study produced the first report for

antimicrobial activity of EtOH crude extract of F. cajaderi on B. subtillis, S. aureus,
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and L. monocytogenes. Further testing should be carried out on the purified

compounds and determine the MIC.

3.4.3 Potential AD therapeutic screening

The purified compound P and E were studied for anti-AchE activity and
neuroprotective activity. In this study, sample P and E from mushroom P. everhartii
showed the highest protective percentage against H,O, in SHSY5Y cells at
concentration 50 pg/ml after incubation time 24 h. The highest percentage of AChE
inhibitory activity was around 70%, which was observed at 150 pg/ml in both
samples P and E of P. everhartii. Over 20 different brain-improving culinary-
medicinal mushrooms and at least 80 different bioactive secondary metabolites
isolated from Hericium erinaceus, G. lucidum, Sarcodon spp., Antrodia camphorata,
Pleurotus giganteus, Lignosus rhinocerotis, Grifola frondosa, and many more play
an important role as therapeutic agents in neurodegenerative diseases such as AD and
PD (Phan et al., 2015).

There is a significant quantity of research that confirms that bioactive compounds
from mushrooms show neuroprotective activity. To begin with triterpene from G.
lucidum at 10-40 uM could protect H,O,-induced cell damage in a dose-dependent
relationship, and the survival rates at 40 uM were 62.68 %, 72.57 %, and 78.96 %,
respectively (Wang et al., 2019). Leucomentins from the mushroom Paxillus
panuoides showed H,O, neurotoxicity (Lee et al., 2003). Compounds 1 and 2 of G.
leucocontextum fruiting body showed protective effects against H,O, induced
damage with survival rates of 83.19+0.92 %, 73.37+£1.25 % at 200 pM, respectively
on PC12 cells (Chen et al., 2018). An EtOAc extract of fruiting bodies from P.
linteus (PLEA) showed that it dose-dependently reduced the cytotoxicity of H,O,
with the pretreatment of human brain neuroblastoma SK-N-MC cells with the PLEA
(0.1-5 ug/mL) (Choi et al., 2016).

According to the present study, the highest percentage of AChE inhibitory activity

was around 70%, which was observed at 150 ug/ml in both samples P and E of P.

86



everhartii. The enzyme cholinesterase (ChE) is a significant therapeutic target for
AD. The main cause of AD is the reduction in acetylcholine (ACh) synthesis.
Therefore, one of the potential therapeutic strategies is to increase the cholinergic
levels in the brain by inhibiting the biological activity of acetylcholinesterase
(AChE). A number of ChE inhibitors have been developed such as donepezil,
galantamine, rivastigmine and memantine and the four drugs used to treat ad
currently available on the market (Sharma, 2019). However, the efficacy of these
drugs is limited, and these drugs have shown various dose-associated side-effects,
particularly at higher doses. Therefore, there is a need to develop a new drug or
multi-functional drugs that are able to target symptoms of AD, including the

decreased levels of Ach.

AChE inhibitory activity of fruiting bodies, mycelia and culture filtrate of P.
igniarius at concentration 25-400 pg/ml exhibited 60.45-90.12, 29.36-72.27 and
22.82-60.76% ,respectively (Jin et al., 2014). A Hex extract of P. pini exhibited the
highest enzyme inhibitory activity against AChE enzyme at 38.15% at concentration
100 pg/ml (Deveci et al., 2019). EtOAc extracts of Funalia trogii and G. lucidum
indicated good anti-cholinesterase activity with an IC50 of 94.6 mg/ml and 174.3
mg/ml, respectively (Tel et al., 2015).

In this study the concentration of P and E less than 150 pg/ml showed AChE
inhibitory activity around 70% compared with the previous study that showed AChE
inhibitory activity around 20-70 % at concentration 25-400 pg/ml. Filho et al. (2006)
reviewed that most AChE inhibitors are known to contain nitrogen; the higher
activity of extracts may be due to their rich alkaloidal content. P and E in this study
were identified as indole alkaloids (conpound E). The results taken together indicate
that the mushrooms in this study exhibited anti-Alzheimer activity by showing AChE
inhibitory activity and neuroprotective activity including samples P and E however,
the AChE inhibitory activity of P and E were less than tacrine positive control by

1000 times. Therefore, P and E would not be good candidates for AD treatment.
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3.4.4 Anti-inflammatory activity

TNF-a is known to cause an inflammatory response and relate to many diseases
including AD. In this study three different methods were used to investigate anti-
inflammatory property. Firstly TNF-o production from differentiated THP-1 cells
stimulated with LPS was used to measure ability of crude extract and a pure
compound on potential anti-inflammatory properties. All crude extracts from P.
everhartii, F. cajanderi and P. laevigatus and the pure compound P and E
significantly decreased TNF-o in comparison to the control (cells with LPS),
suggesting it may be possible to use these extracts and compound as anti-
inflammatory agents. Only the pure compound P and E were studied in different
concentrations by using three assays to confirm anti-inflammatory activity.
Moreover, P and E from P. everhartii showed a significant decrease in TNF-a
compared with the control, but only P showed a dose-dependent effect from low
concentration to high concentration. This may have been due to the purity of E, but
there is a decreasing trend when the concentration of the compound increases.
Mushrooms are rich in anti-inflammatory components such as polysaccharides,
phenolic and indolic compounds. Indole compounds are found in mushrooms that
have particularly strong effects on the immune and nervous systems of animals and
found anti-oxidative and anti-inflammatory properties (Muszynska et al., 2018).
Elsayed et al., 2014 reviewed that the concentration and efficacy of the bioactive
compounds are varied and depend on the type of mushroom, substrate applied,
cultivation and fruiting conditions, stage of development, age of the fresh mushroom,
storage conditions, and processing and cooking procedures and many bioactive
compounds in mushrooms exhibit significant anti-inflammatory properties.
According to the result from purified compound E showed unstable result that might
relate to the purity of the extraction, the collection time of the mushroom sample.
The purification of sample E should be purified more and confirm the anti-

inflammatory activity again in the future.
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Anti-inflammatory activity of mushrooms is summarised in Table 3.1 and described
in a number of publications as follows: The mRNA expression levels of COX-2,
INOS, IL-1a, IL-B, IL-6, and TNF-a decreased in P. igniarius (PI) treated groups at
concentrations of 50, 100, 200, and 400 pg/mL compared to LPS treated groups in
RAW264.7 mouse macrophages (Kim et al., 2019). Three phenolic compounds
isolated from P. baumii showed anti-inflammatory activity by inhibiting NFkp and
LPS-stimulated NO production at IC50<10uM in RAW 264.7 cells (Jang et al.,
2017). Inotilene from P. linteus showed anti-inflammatory activity in RAW 264.7
cells by decreasing NO and TNF-a and in vivo in a rat paw oedema test.
Polyssaccharide (PSCPL) of cultured P. linteus fruiting bodies tested against LPS-
induced in THP-1 cells at 5 ug/ml showed inhibition of reactive oxygen species
(ROS) formation and cytokine TNF-a, IL-1a, IL-1p and IL4 production (Wu et al.,
2013). Comparing the anti-inflammatory activity of crude extract of three
mushrooms and purified compound P and E of P. everhartii with the previous studies

found that they use the higher concentration of extract to decrease TNF-a.

A second assay was carried out using L929 cells to confirm the ability of the extracts
to protect against TNF-a induced cytotoxicity. The highest protection percentage of
the cells against TNF-a and actinomycin D using samples P and E was 30% at 10
uM. Actinomycin D is a transcription inhibitor that inhibits de novo protein
synthesis. No report studied the ability of the extracts to protect against TNF-a
induced cytotoxicity by using L929 but there were the natural product using this cell
to investigate anti-inflammatory activity. Kassim et al. (2010) showed honey extract
significantly protected L929 cells by more than 80% at 250 ug/ml, but no significant
protective effects of honey extract on L929 cell treated with TNF-a and actinomycin
D.

In a third assay NCTC cells were used to study the ability to inhibit or decrease NF-
KB expression. NF-KB represents a family of inducible transcription factors, which
induced the expression of various pro-inflammatory genes including cytokines and
chemokines and involved in different processes of the immune and inflammatory
responses (T. Liu et al., 2017). In this study both P and E were investigated in terms
of their ability to inhibit or decrease NF-kB expression in NCTC cells. Both P and E
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decreased the percentage control of NF«B significantly (P<0.05) at 55% and 70%,
respectively at 30 ug/ml. Jedinak et al., 2011 studied that edible oyster mushroom
(Pleurotus ostreatus) suppressed LPS-induced secretion of TNF-a, IL-6, and IL-
12p40 and inhibited NF-xB from RAW264.7 macrophages. Shao et al. (2014)
indicated that hispidin inhibits transcriptional activity of NF-KB in a dose-dependent

manner.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are usually the most commonly
used for treating pain and inflammation (Dofia et al., 2020). Elsayed et al. (2014)
reviewed that the long-term administration of NSAIDs has the potential for
significant side effects on the gastrointestinal tract (GIT) include numerous harmful
effects such as mucosal lesions, bleeding, peptic ulcers, and intestinal perforation.
Natural products or natural product-derived compounds represent great structural
diversity, which is not commonly seen in synthetic compounds and play a dominant
role in the discovery of leads for the development of drugs for treating human
diseases. The reported medicinal effects of mushrooms include anti-inflammatory

effects, with anti-inflammatory compounds of mushrooms shown in Table 3.1.

From all of the three different assay results and the side effect of the drugs at the
present, it can be concluded that the crude extracts of the three mushrooms and pure
compound P and E have anti-inflammatory activity and may be an alternative natural

product to be developed for anti-inflammatory treatment in the future.

In conclusion, P. everhartii and P. laevigatus show potential anti-cancer and anti-
inflammatory properties, while F. cajanderi has potential anti-microbial and anti-
inflammatory activity. Furthermore, the purified compound P and E has anti-
inflammatory activity and show a dose-dependent effect from low concentration to
high concentration by using THP-1 model. To examine the changes in affected
pathway and genes caused by purified compound P and E, RNA-Seq was used to
investigate the gene expression level supporting the findings obtained in biological

activity.
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CHAPTER 4 RNA-Sequencing and ELISA
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4.1 Introduction

Inflammation is a mechanism that is related to many diseases, such as rheumatoid
arthritis, inflammatory bowel disease, disease of the central nervous system (CNS),
cardiovascular disease, renal disease, respiratory disease, and psoriasis (Bradley,
2008). The result findings in Chapter 3 suggest that P and E could have potential anti-
inflammatory activity and anti-Alzheimers activity. Both P and E inhibited cytokine
TNF-a in THP-1 cell, protected against TNF-o mediated cell death in 1929 cells and
inhibited NFkB in NCTC cell. Following on the findings in Chapter 3, the changes of
gene expression in THP-1 cells in response to these compounds were investigated.
TNF-a was identified in 1975 as an endotoxin-induced glycoprotein (Bradley, 2008).
TNF-a is an inflammatory cytokine or pro-inflammatory mediator. TNF-a has been
the centre of study for its roles in normal physiology, acute inflammation, chronic
inflammation, autoimmune disease and cancer-related inflammation. IL6 is a
pleiotropic cytokine and demonstrated to be a multifunctional cytokine that regulates
numerous biological processes including the organ development, acute-phase
responses, inflammation, and immune responses (H. Su et al., 2017). Su et al. (2016)
reviewed the primary pro- and anti-inflammatory cytokines related to AD that include
IL1, IL6, TNF-a, IL4, IL10 and transforming growth factor beta (TGFp). Since the
1990s, studies indicate that anti-inflammatory treatments could be used to reduce the
risk of AD developing in patients (Kinney et al., 2018) in particular targeting TNF-a
and IL6, pro-inflammatory cytokines, associated with AD. TNF-a has been reported
to be found in high levels in both the brains and plasma of AD patients and IL6 is
increased in the CNS and serum of AD patients as well, which leads to chronic
neuroinflammation and neurodegeneration. TNFSF10 (TRAIL) is a member of the
TNF superfamily of cytokines that is involved in different kinds of inflammatory
responses and plays an important role in inducing cell death (Zaba et al., 2010). C—X-
C motif chemokine 10 (CXCL10) also known as interferon y-induced protein 10 kDa
(IP-10) or small-inducible cytokine B10 is a cytokine belonging to the CXC
chemokine family (M. Liu et al., 2011). CXCL10 is associated with a variety of
human diseases including infectious diseases, chronic inflammation, immune
dysfuntion, tumor development, metastasis and dissemination (M. Liu et al., 2011) .
CXCL13, a B-cell chemokine, has been proposed as a biomarker in a variety of

conditions and elevated in multiple sclerosis, neuromyelitis optica and other
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inflammatory neurological controls compared with noninflammatory controls
(Alvarez et al., 2013). CCL2 known as monocyte chemoattractant protein-1(MCP-1)
is a member of the C-C chemokine family and a highly potent chemo-attractor of
monocytes and CD4" T cells (Ansari et al., 2011). CCL2 is one of the most studied
pro-inflammatory molecules among the C-C family members and a potential
intervention point for the treatment of various inflammatory and autoimmune diseases
(Deshmane et al., 2009).

Takagi et al. (2014) reviewed that PTX3, IL8, IL6, CXCL10, GBP1, CHRM3, CXCL1,
ILIR2, CCL18, and CCL13 were inflammation-related genes. Michlmayr &
McKimmie (2014) reviewed that the chemokine CXCL10 is also involved in AD and
is highly expression in AD. Kowarik et al. (2012) found that CXCL13 was
significantly elevated in CSF (cerebrospinal fluid) of all patient groups with
inflammatory disease. CCL2-related signalling pathways might be new targets for
disease-modifying therapies aimed at slowing down the disease process in patients

with pre-dementia stages (Westin et al., 2012).

The aim of this chapter was to examine the gene expression of the pure compound P
and E from mushroom P. everhartii on THP-1 cells and their potential as anti-
inflammatory agents. Total RNA was isolated from control and pure extract-treated
THP-1 cells and the gene expression changes assessed using RNA-seq and
quantitative real-time PCR (RT-gPCR). The biological activities of the P. everhartii
compound examined in Chapter 3 suggested that they may have anti-inflammatory
and anti-cholinesterase properties. In this chapter, RNA-Seq technology were used to
understand the genes and pathways involved in the cellular response to this
compound. Gene expression analysis using RT-gPCR was chosen on six target genes
(CCL2, CXCLI10, CXCL13, TNFSF10, TNFa, and IL6) related to anti-inflammatory
activity and anti-Alzheimers activity from the biological activity results in Chapter 3.

ELISA was used to investigate the expression of proteins.
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4.2 Materials and Methods
4.2.1 Materials

e CXCL10 DuoSet ELISA (R&D SYSTEMS, USA)

e Human IL-6 Uncoated ELISA (Invitrogen, UK)

e Human CCL2 Uncoated ELISA (Invitrogen, UK)

e TNFSF10 DuoSet ELISA (R&D SYSTEMS, USA)

e RNeasy Plus Total RNA Mini Kit (Qiagen, UK)

e QIlAshredder (Qiagen, UK)

e Tetro cDNA synthesis kit (Bioline, London, UK).

e Experion™ RNA StdSens Analysis kit (Bio-Rad, UK)

e PowerUp™ SYBR™ Green Master Mix (Applied Biosystems, UK)

e Oligonucleotide PCR primers (Integrated DNA Technologies, Belgium)

e MicroAmp® Fast Optical 96-well reaction plates (Thermo Fisher Scientific,
UK)

4.2.2 Methods

4.2.2.1 RNA extraction

THP-1 cell cultures stimulated with LPS were treated with P. everhartii extracts as
detailed in Chapter 3, Section 3.2.2.3.1.1. The supernatant from the different
treatments were harvested and kept at -80°C for cytokine analysis. Total RNA was
isolated from the THP-1 cells using RNeasy® Plus Mini Kit (Qiagen, Manchester,
UK) following the manufacturer’s instructions. The adherent cells were washed using
PBS and aspirated, then 350 pl RPL plus buffer was added to the wells. The cell
lysate was pipetted into a QlAshredder spin column and placed into a 2 ml collection
tube and centrifuged for 2 min at a maximum speed (16000 x g) to ensure complete
disruption to maximise the yield. The homogenised lysate was transferred to a Qiagen
gDNA eliminator spin column placed in a 2 ml collection tube and centrifuged for 30s

at > 8000 x g. The gDNA eliminator column was discarded and 1 volume of 70% v/v
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ethanol was added to the flow-through and mixed by pipetting. Seven hundred
microlitres of the sample were transferred to a RNeasy spin column placed in a 2 ml
collection tube and then centrifuged for 15 s at > 8000 x g. The flow-through was
discarded. The remaining lysate sample was loaded onto a RNeasy spin column and
the process repeated. In order to wash the spin column membrane, 700 pl of RW1
buffer provided by the kit was added to a RNeasy spin column and centrifuged for 15
s at > 8000 x g and the flow through discarded. Five hundred microlitres of RPE
buffer was added to the RNeasy spin column and centrifuged for 15 s at > 8000 x g.
The flow-through was discarded and the RPE buffer step was repeated again, this
time with a 2 min spin. The RNeasy spin column was placed in a new 1.5 ml
collection tube and then 50 pl RNase-free water was added to the spin column

membrane and centrifuged for 1 min at > 8000 X g to elute the RNA.

4.2.2.2 RNA Quality assessment

All of the extracted RNA samples underwent quality assessment to ensure they did

not have a negative impact on the gene expression data obtained.

4.2.2.2.1. Spectrophotometry

The total RNA concentration and quality was measured using a Nanodrop™ 2000-C
Spectrophotometer (Thermo Fisher Scientific, Loughborough, UK). The absorbance
of the RNA sample at 260nm provides a way of obtaining the concentration of the
sample. The ratio of absorbance at 260 nm (Azgo) and 280 nm (A,gp) was used as an
indicator of RNA purity with the Aggo/Azgo for pure RNA should be close to 2 The
ratio Azeo/Azzo Was used as a secondary measure of nucleic acid purity providing an
indication of salt contamination from the isolation method is commonly in the range

close to 2 for pure RNA.
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4.2.2.2.2. Automated electrophoresis

The RNA integrity of the extracted THP-1 RNA was assessed using an Experion™

Automated electrophoresis system with a RNA StdSens Analysis kit.

4.2.2.3 RNA Sequencing (RNA-Seq) Analysis

Four RNA samples (control and three extract-treated samples) were submitted to
BGI-Tech (Shenzhen, China) for their RNA-Seq (quantification) service. The RNA-
Seq was performed using their BGISEQ-500 platform with 20Mb clean reads.
Pairwise experiments were carried out on three groups. These were: (1) Control THP-
1 cell vs E10; (2) Control vs E30; (3) Control vs P30.

4.2.2.4 Pathway Enrichment Analysis
The RNA-Seq results were analysed and the software that used in the list below.

The list of software:

e GOirilla (http://cbl-gorilla.cs.technion.ac.il/)

e Cytoscape Software (version 3.3.0) with the ClueGO gene ontology plugin
(version 2.2.4)

e Primer-BLAST website (https://www.ncbi.nlm.nih.gov/tools/primer-blast/

e Pathview (https://pathview.uncc.edu/)

e Java Tree View (http://jtreeview.sourceforge.net)
4.2.2.5 Real time Quantitative PCR (RT-qPCR)

4.2.2.5.1 cDNA synthesis

The extracted RNA was transcribed to complementary DNA (cDNA) using a Tetro
cDNA synthesis kit. The master mix was prepared using 5 pg of THP-1 total RNA,

1ul Oligo (dT), 1 pl 10 mM dNTP, 4 ul 5x RT buffer, 1 pl Ribosafe RNase

Inhibitor, 1 ul Tetro Reverse Transcriptase (200u/ul) and RNase-free water to bring
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the final reaction volume to 20 pl. Reactions containing reverse transcriptase were
labelled as RT(+). A reverse transcriptase-minus control (RT(-)) was prepared
containing master mix without the reverse transcriptase to act as a genomic DNA
carry-over control for RT-gPCR. The reactions were incubated at 45°C for 30 min,
followed by incubating at 85°C for 5 min. Then samples were cooled on ice. The
cDNAs were diluted to 100 pl with 1x RT Buffer and reactions stored at -20°C until

required.

4.2.2.5.2 RT-gPCR primer design

PCR primers for the reference and target genes were designed using the Primer-
BLAST website (https://www.ncbi.nlm.nih.gov/tools/primer-blast/ ; Ye et al., 2012).

The candidate reference gene selection was chosen from those commonly used with
THP-1 gRT-PCR studies listed in Table 4.1. The target genes were chosen based on
the findings from the RNA-Seq data and analysis of the extract biological activity in
Chapter 3.

Table 4.1 Sequences of the gRT-PCR primers for the reference gene assays

Primer Sequence Product

Primer GenBank

Name (5°-3") Accession Size (bp)

Forward:5’-ACCTACGAATTGGAGATGAAGATG-3’
PPIB NM_000942.4 152
Reverse: 5’- TCCTTGATTACACGATGGAATTTG -3’

Forward:5’- CCCTGGCGTCGTGATTAGTG-3’
HPRT NM_000194.3 139
Reverse:5’- TCGAGCAAGACGTTCAGTCC-3°

Forward:5’- CCGCGTCTCTTCCTTTCTGG-3’
RPL37A NM_000998.4 123
Reverse:5’- TTCACCATTTTCCGGAGGGAG-3’
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Table 4.2 Sequences of the qRT-PCR primers for the target gene assays

Product
Primer Pri S 53 GenBank
rimer Sequence (5°-3° .
Name 4 (53 Accession Size
(bp)
Forward:5’- TCCCAAAGAAGCTGTGATCTTCA -3°
Ccl2 NM_002982.3 143
Reverse: 5°- TGGGTTGTGGAGTGAGTGTT -3’
Forward:5’- TGGCATTCAAGGAGTACCTCTC -3’
Cxcl10 NM_001565.3 141
Reverse:5’- GCAATGATCTCAACACGTGGAC -3’
Forward:5’- CTAATGAGCCTGGACTCAGAGC -3’
Cxcl13 NM_006419.2 148
Reverse:5’- CACCTCAAGCTTGTGTAATAGACC -3°
Forward:5’- GAGAAGGAAGGGCTTCAGTGAC -3’ NM_0011909
Tnfsf10 142
Reverse:5’- AGGAGCACTGTGAAGATCACG -3’ 43.1
Forward:5’- AGAACTCACTGGGGCCTACA -3’
Tnf alpha NM_000594.3 139
Reverse:5’- AGGAAGGCCTAAGGTCCACT -3’
Forward:5’- TTCTCCACAAGCGCCTTCG -3’
116 NM_000600.4 140

Reverse:5’- GAAGAGGTGAGTGGCTGTCTG -3’
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The candidate reference genes were assessed and ranked by their stability of
expression following extract treatment on the THP-1 cells using RefFinder (Xie et al.,
2012). RefFinder uses a number of stability algorithms including GeNorm,
BestKeeper, and Normfinder to comprehensively rank the expression of the genes
based on their stability of expression between control and treated samples. The most
invariant reference gene candidate out of the three was used for normalisation in the

relative gene expression calculation.

All of the the PCR primers for this study were synthesised by IDT (Belgium),

resuspended in nuclease-free water, and stored at -20°C until required.

4.2.2.6 SYBR Green quantitative real-time PCR

RT-gPCR was conducted using a SYBR green-based chemistry. Applied Biosystems
PowerUpT'VI SYBR Green Master Mix, was prepared following the manufacturer’s
instructions. The PCR reaction sets for each gene target consisted of a negative
control (no template), a RT (), and a RT (+) tube. The master mix is shown in Table
4.3. Triple replicate real-time PCR reactions were carried out for each sample.
Thermocycling conditions were conducted on a StepOne Plus real-time PCR system

(Applied Biosystems, UK) under the fast PCR protocol as shown in Table 4.4.
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Table 4. 3 Master Mix components

Component Volume (10 pl/well)
PowerUp™ SYBR™ Green Master Mix 5l
Forward primer (10 pmol/ul) 0.4 ul
Reverse primer (10 pmol/ul) 0.4 ul
DNA template (concentration 50 ng/ul) 1l
Nuclease-Free water 3.2ul
Table 4. 4 PCR thermal cycling and melting curve stage conditions
Step Temperature Duration Cycles
UDG Activation 50°C 2'min Hold
Dual-Lock™ DNA 95°C 2 min Hold
Polymerase
Denature 95°C 3 sec 40
Anneal/Extend 60°C 30 sec
Melting curve stage 95°C 95°C Ramp rate
1.6°C/sec
60°C 60°C
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4.2.2.7 Gene Expression Analysis

Threshold cycle (Ct) values for each of the reactions were obtained from the StepOne
Plus real-time PCR system and used to calculate the gene expression changes
following the formula below. Delta-delta Ct (AACt) was used to calculate the relative
gene expression changes of the samples from RT-gPCR between the control and

treated samples for target gene and the reference gene (Livak & Schmittgen, 2001).
ACt Control = Ct (Treat Gene) — Ct (Ref Gene)
ACt Treat = Ct (Treat Gene) — Ct (Ref Gene)
AACt Treat Gene = ACt Treat - ACt Control
Fold change (FC) = 2 (44
4.2.2.8 ELISA

4.2.2.8.1 TNF-q assay

TNF-a levels were used to investigate the anti-inflammatory activity of supernatants
from THP-1 cell following the manufacturer’s instructions of a Ready-Set-Go Kit.
ELISA plates were coated with 100 pl/well of capture antibody in 1x coating buffer
and then the plate was sealed and incubated 4°C overnight. The supernatants were
discarded and the wells washed 3 times with wash buffer 1x PBS [Na,HPO, 2.3 g,
NaCl 8 g, KH,PO4 0.2 g and KCI 0.2 g, adjusted pH to 7.2-7.4] plus 0.05%, v/v,
Tween-20) and then blocked with 200 pl/well of 1x diluent and incubated at room
temperature for 1 h. The supernatants were then discarded and washed at least once
with wash buffer and 100 pl of samples were added per well in triplicate wells.
Similarly, TNF-a standard at different concentrations were plated out to construct a
standard curve. The plates were sealed and incubated at room temperature for 2 h and
washed 3-5 times and then 100 pl detection antibody diluted 1x in diluent was added
to each well and incubated at room temperature for 1 h. The wells were washed 3-5
times with wash buffer and HRP diluted 1x in ELISA/ELISPOT diluent was added
(100 pl/well). After incubation at room temperature for 30 min the wells were washed
with wash buffer 5-7 times and TMB solution was added (100 pl/well). The plate was
incubated at room temperature for 15 min and 50ul stop solution (2N H,SO,) added
to each well. The plate was read at 450 nm on a M5 Spectramax Plate Reader

(Molecular Devices, USA) and the TNF-a levels were calculated from the standard
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curve. Statistical analysis was carried out using a Dunnett’s Multiple Comparison

Test.

4.2.2.8.2 Interleukin-6 (IL6) assay

IL6 was analysed following the manufacturer’s instructions of a Human IL-6
Uncoated ELISA. The detail of the procedure was similar to the TNF-a assay
(section 4.2.2.8.1).

4.2.2.8.3 CCL2 (MCP1) assay

CCL2 was assayed following the manufacturer’s instructions of a Human CCL2

Uncoated ELISA similar to the assay described in section 4.2.2.8.1.

4.2.2.8.4 TRAIL/TNFSF10 assay

TNFSF10 was assessed following the manufacturer’s instructions of a DuoSet
ELISA. The 96 well microplates were coated with 100 pl/well at a final
concentration of 2 pg/ml and then the plate was sealed and incubated overnight at
room temperature. The solutions were aspirated and wash 3 times with wash buffer
(PBS, see section 4.2.4.5.1) and then blocked with 300 pl/well of Reagent Diluent
and incubated at room temperature for a minimum 1 h. The solutions were discarded
and the washing step repeated and then 100 pl of samples or standards were added
and incubated at room temperature for 2 h. The supernatants were discarded and the
plate washed 2-3 times and then 100 ul of detection antibody added, diluted with
Reagent Diluent at a final concentration of 12.5 ng/ml. The plate was covered and
incubated at room temperature for 2 h. The washing step was repeated and then 100
pl of a working dilution of Streptavidin-HRP added to each well and incubated for
20 min at room temperature. The washing steps were repeated and then 100 pl of
Substrate Solution added to each well and incubated for 20 min at room temperature,
avoiding direct light. Stop solution 50 pl per well was added. The plate was read
using a microplate reader M5 Spectramax Plate Reader (Molecular Devices, USA)
set to 450 nm.
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4.2.2.8.5 CXCL10/IP-10 assay

CXCL10 was assessed following the manufacturer’s instructions of a DuoSet

ELISA similar to that described in section 4.2.2.8.4.
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4.3 Results

Total RNA from THP-1 cell cultures plus LPS alone (control) or treated for 24 h with
P or E plus LPS, were extracted using RNeasy Plus mini kit (Qiagen). The quantity
and quality of RNA were checked with Nanodrop™ 2000c Spectrophotometer and
the integrity of the RNA was confirmed using an Experion™ RNA StdSens Analysis
kit. RNA samples comprising THP-1 cells alone (control), E 10 pg/ml, E 30 pg/ml,
and P 30 pg/ml were submitted for RNA-Seq. According to the result from Chapter 4
and the RNA-Seq data, six genes (CCL2, CXCL10, TNFSF10, CXCL13, IL6 and
TNFa) were related to inflammation and AD were chosen to confirm by using RT-
qPCR and ELISA.

4.3.1 Quantification and quality control of RNA Extraction

4.3.1.1 Nanodrop analysis

The NanoDrop spectrophotometer 2000c is used to quantify and can assess the purity
of DNA, RNA, and protein samples. The RNA concentrations as well as the Axgo/Azgo
and Aggo/Aszo ratios is this study’s samples are shown in Table 4.5 and their UV
absorption curves are shown in Figure 4.1. All of the samples quality ratios are
within the expected acceptable ranges and all display expected RNA absorption

curves.
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Table 4.5 The concentration and quality of RNA samples determined using a
NanoDrop 2000c spectrophotometer.

Concentration
Sample OD 260/280 0D260/230
(ng/uL)
Cells+LPS 2.07 0.33 144.6
E10 2.07 0.40 115.5
E30 2.03 0.51 67.0
P30 2.05 0.67 143.3
A B
D

Figure 4.1 Nanodrop UV-region absorption spectra for total RNA isolated from (A)
THP-1 Cells+LPS; (B) E10+LPS; (C) E30+LPS; and (D) P30+LPS samples.
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4.3.1.2 Experion™ RNA StdSens Analysis

RNA integrity was determined by the Experion™ automated electrophoresis system.
This system can provide an indication of RNA integrity, providing a RNA quality
indicator (RQI). The 28s:18s ratio is also an indicator of RNA integrity and a 2:1
ration is typical of intact RNA. The RQI threshold for samples submitted for RNA-
Seq was 7 or more. In the Experion virtual gel image of the RNA samples is shown

in Figure 4.2 and their 28s:18s ratio and RQI scores are shown in Table 4.6.
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Figure 4.2 Experion™ RNA StdSsens virtual gel reports showing the 18s and
28s bands from the control and treated THP-1 cell RNAs. Lane L: StdSens RNA
Ladder, Lane 1: E10+LPS; Lane 2: E30+LPS; Lane 3: P30+LPS; and Lane 4:
Cell+LPS.
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Figure 4.3 Electropherogram from an RNA StdSens analysis of total RNA samples;
Cells+LPS, E10+LPS, E30+LPS and P30+LPS.

Table 4.6 Experion™ results of 28S:18S ratio and RQI for each THP-1 RNA samples

Sample ID 28S:18S ratio RQI
1 Cells+LPS 151 9.8
2 E10+LPS 1.61 9.9
3 E30+LPS 1.44 9.7
4 P30+LPS 1.50 9.8
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4.3.2 RNA Seq

Three samples of extracts and control THP-1 RNA were sequenced by using RNA-
Seq, the summarised information of sequencing data of each sample is shown in Table
4.7. The alignment of clean reads to the human GRCh38/hg38 reference genome was
used for quality control analysis by BGI-Tech. The average number of raw sequencing
reads was 24,136,618 and after clean read filtering was 24,085,765. Mapping quality
parameter is the percentage of mapped read, which is indicator of the sequencing
accuracy and the presence of contaminating DNA. In this study the total mapped read

showed high percentage 94% and percentage of total unmapped read was around 5%.

Table 4.7 RNA Seq alignment statistics of read align to reference genome by BGI-
Tech

Sample Total Reads Total Mapped | Unique Match Multi- Total
Reads ( %) (%) position Unmapped
Match (%) Reads (%)

Control THP-1 24,085,768 94.23 73.05 21.18 5.77
E 10 pg/ml 24,082,732 94.79 73.81 20.98 521
E 30 pg/ml 24,084,835 94.88 73.26 21.62 5.12
P 30 pg/ml 24,089,727 94.54 71.76 22.78 5.46
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4.3.2.1 RNA Seq Analysis

4.3.2.1.1 Pearson correlation heat map between samples

The correlation heat map between the number of gene expression changes is shown in
Figure 4.4. Comparison of the control THP-1 and treated RNA samples, the
coefficient value of E 10 pg/ml, 30 pg/ml and P 30 pg/ml was 0.988, 0.959, and
0.867, respectively. If one sample is highly similar to another one, the correlation
value between them is very close to 1. According to the result in Figure 4.4, sample P
showed the most difference with control THP-1 whereas E 10 pg/ml was similar to

the control as the correlation value was 0.988.

THP-1+LPS

E30+LPS

0.875

EI10+LPS

P30+LPS EI10+LPS E30+LPS THP-1+LPS

Figure 4.4 Heat map of correlation coefficient values across control and treated
THP-1 RNA samples as provided by BGI-Tech.
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4.3.2.1.2 Differential Expression Genes (DEGS)

DEG analysis was used to determine the number of genes affected by each treatment
and comparison between treatment groups. The total number of genes expressed in
each group was shown in Figure 4.5 and the number of differentially expressed genes
between each pairwise comparison were shown in Figure 4.6. The number of
expressed genes in each group was around 18000 genes (44%) from the reference
transcriptome 41268 genes. When comparing the treated group with control THP-1,
P30 appear to up-regulated and down-regulated more genes than the control group in
comparison to the E10 and E30 group. Otherwise in comparison between treatment
groups E10 vs P30 showed up-regulated and down-regulated more different number
of genes than E10 vs E30 and E30 vs P30.
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Figure 4.5 The number of identified expressed genes in control THP-1 and three

treatment groups.

110



1500+

E3a up-regulated

" &8 down-regulated
= 10004 &
” =
v g
= .
£ soof :
Z l.-

0

Sl

S
&

Figure 4.6 Differential expression genes in each pairwise comparison. X axis

represents pairwise and Y axis means number of screened DEGs.

Genes with similar expression patterns usually have same functional correlation. We
also provide clustering analysis of DEGs with cluster and JavaTree view according to
the provided cluster plans for DEGs. Heatmaps of clustering analysis of DEGs using
Java Tree View (http://jtreeview.sourceforge.net) (Eisen et al., 1998) were generated
showing an intersection heat map (Figure 4.7 A) and a union heat map (Figure 4.7 B),
with red showing up-regulated genes and blue showing down-regulated genes. Each
pairwise comparison consisted of control vs P 30 pg/ml, control vs E 10 pg/ml and
control vs E 30 pg/ml. It is evident that the three treatments (E10, E30 and P30)
groups cause numerous effects of gene expression in both directions.

Only genes that were differentially expressed in all pairwises of the cluster plans were
used to build the intersection heatmap and at least one pairwise that were
differentially expressed in all pairwises of cluster plan was used to build the union

heatmap.
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Figure 4.7 DEGs analysis intersection (A) and union(B) heat map generated
using TreeView. Gradient colour barcode at the right top indicates log2 (FC) value
(FC is fold change of expression in treatment case to expression in control case).
Upregulated genes show in red and downregulated in blue. Each column represents a
pairwise comparison and each row represents differentially expressed genes. DEGS

with similar FC value are clustered both at row and column level.
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4.3.2.1.3 Pathway Enrichment Analysis

Cytoscape and ClueGO plugin were used for pathway enrichment analysis by using
RNA-Seq data. Cytoscape ClueGO cluster results using DEGs in the P 30 pg/ml vs
THP-1 cell control (Figures 4.8), E 30 pg/ml vs THP-1 cell control (Figures 4.9) and
the E 10 pg/ml vs THP-1 cell control (Figures 4.10). The cytokine-cytokine receptor
interaction KEGG chart with log 2 FC values of THP-1 with LPS and E10, E30 and
P30 were analysed by using Pathview (https://pathview.uncc.edu/) (Figure 4.11-4.13)

The cytokine-cytokine receptor interaction pathway was significantly (p value < 0.05)
down-regulated in both P 30 pg/ml and E 30 pg/ml compare with the THP-1 cell

control.

Significantly (P<0.05) enriched Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathways associated with all genes that were up-regulated and down-regulated by
more than 2-fold were selected. Gene Ontology (GO) is an international standard gene
functional classification system that provides a dynamically up-to-date vocabulary.
GO covers three ontologies: molecular function, cellular component, and biological
process. There were 11 GO terms associated with both up-regulated and down-
regulated genes in the P 30 pg/ml vs THP-1 cell control (Appendix Table 1B) and
only 6 GO terms related with up-regulated genes (Appendix Table 2B) and 14 GO
terms related with down-regulated genes (Appendix Table 3B). There were 12 GO
terms associated with both up-regulated and down- regulated genes in the E 30 pg/ml
vs THP-1 cell control (Appendix Table 4B) and only 1 GO term related with up-
regulated genes (Appendix Table 5B) and 21 GO terms related with down-regulated
genes (Table 6B). In contrast, only 1 GO term was associated with both up-regulated
and down-regulated genes in E 10 pg/ml vs THP-1 cell control (Appendix Table 7B),
2 GO terms were related with down-regulated genes (Appendix Table 8B) and one
with up-regulated genes.
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Figure 4.8 Cytoscape ClueGO cluster results using the DEGs from the RNA-seq data of the THP-1 cells treated with P 30 pg/ml vs THP-
1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours represent the significantly

enriched KEGG pathways associated with all genes wup-regulated and down regulated genes by more than 2-fold.
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Figure 4.9 Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated
with E 30 pg/ml vs. THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours
represent the significantly enriched KEGG pathways associated with all genes up-regulated and down regulated by more than 2-fold.
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Figure 4.10 Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated
with E 10 pg/ml vs THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours

represent the significantly enriched KEGG pathways associated with all genes up-regulated and down regulated by more than 2-fold.
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Following the results using Cytoscape ClueGo plugin, cytokine-cytokine receptor
interaction was the only KEGG pathway significantly affected among the control THP-1
cell and THP-1 treated with E10, E30 and P30. The involvement of a number of pathways
that related to the changes gene expression was identified and the specific genes and
their Log2 ratio according to the RNA-Seq data were shown in Table 4.8. All five
genes showed down-regulated in THP-1 treated with E10, E30 and P30.

From the results in Chapter 3 and the analysis above, six genes CCL2, CXCL10,
CXCL13, TNFSF10, IL6, and TNF-« related to inflammation and AD were chosen to

confirm gene expression analysis using RT-qPCR.
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Figure 4.11 The cytokine-cytokine receptor interaction KEGG chart with log 2 FC values of THP-1 with LPS vs E10 with LPS

Upregulated genes show in red and downregulated in green.
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Figure 4.12 The cytokine-cytokine receptor interaction KEGG chart with log 2 FC values of THP-1 with LPS vs E30 with LPS

Upregulated genes show in red and downregulated in green.
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Figure 4.13 The cytokine-cytokine receptor interaction KEGG chart with log 2 FC values of THP-1 with LPS vs P30 with LPS.

Upregulated genes show in red and downregulated in green.
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Table 4.8 The details of selected gene and pathway enrichment in the clusters of THP-1 cell treated with E10, E30 and P30.

Genes Log, Fold change Related function (GO term/KEGG)
E10 E30 P30

CCL2 -1.41076 -3.29392 -3.29392 | Glycosaminoglycan binding
CCR chemokine receptor binding
Cytokine activity
Kinase activity

CXCL10 -3.42336 -4.54006 -5.57921 Cytokine activity
Protein kinase regular activity

CXCL13 -2.45943 -7.82564 -8.02564 CXCR chemokine receptor binding
Glycosaminoglycan binding
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CCR chemokine receptor binding

Cytokine

TNFSF10 -2.11662 -4.10831 -4.61973 Cation binding
Tumor necrosis factor receptor superfamily binding
Tumor necrosis factor receptor

IL6 -3.6477 -5.38466 -5.74723 Cytokine receptor binding
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4.3.2.2 Stability of candidate reference genes

Three candidate reference genes were selected to be screened for their suitability in
RT-qPCR relative gene expression analysis for this study. RefFinder was used to
examine and rank the expression stability of the candidate reference genes in the
control and extract-treated samples. The most stable reference gene out of the three
was PP1B whereas RPL37A4 was the least stable (Figure 4.14). Reliable relative gene
expression analysis is dependent on the selection of a good, invariant normalising

gene, thus PP1B was used as the reference gene in this study.

Genes Geomean of ranking values
PPIB 1.57
HPRT 1.74
RPL37A 2.67

Comprehensive gene stability

1.741
1.565

FPIB HPRT RPL37A

<== Most stable genes Least stable genes ==>

Gene name Stability value
PPIB 2.592
HPRT 2.767
RPL37A 5.919

Gene stability by normFinder

& 5919

3 2502 2.767

PPIB HPRT RPL37A
<== Most stable genes Least stable genes ==>

Figure 4.14 Stability of Reference Genes using RefFinder
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4.3.2.3 Gene Expression analysis

RT-gPCR was carried out on six target genes which were selected from the RNA-Seq
results. Melting curve analysis (MCA) is a simple way to check real-time PCR
reactions for primer-dimer artifacts and to ensure reaction specificity. The different
PCR products can be distinguished by their melting characteristics because the
melting temperature of nucleic acids is affected by length, GC content, and presence
of base mismatches. All samples were tested with (RT+), without (RT-) reverse
transcriptase and a no-template control (NTC). No amplification was observed in
NTC and RT-, thus there were no genomic DNA contamination from the reaction or
reaction components and no false positive signals affecting the results. In the MCA of
NTC samples (Figure 4.15) and RT- samples (Figure 4.16), there were no sharp single
peaks generated by any of the primers indicating that they were not contaminated with
genomic DNA and would not produce false positive PCR amplicons. All samples RT+
showed single sharp peaks on the MCA as shown in Figure 4.17-4.22 indicating that the
designed primers were specific and selective to their target genes of interest.

Melt Curve

Derivative Reporter (-Rn)

65.0 700 75.0 80.0 85.0 0.0 85.0
Tm: 90.08

Temperature (°C)

Figure 4.15 MCA of RT-qPCR products of NCT from CCL2, CXCL10, CXCL13,
IL6, TNF-a and TNFSF10. Curves are representative of NTC samples in the RT-qPCR

assay analyses.
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Melt Curve

Derivative Reporter (-Rn)

85.0 70.0 75.0 80.0 85.0 an.0 850
Tm: 87.99

Temperature (°C)

Figure 4.16 MCA of RT-qPCR products of RT- from CCL2, CXCL10, CXCL13, ILS6,
TNF-a and TNFSF10. Curves are representative of RT- samples in the RT-qPCR assay

analyses.
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Figure 4.17 MCA of RT-gPCR products of RT+ from CCL2 gene expression assay.
Curves are representative of RT+ samples in the RT-qPCR assay analyses which

produced single peaks in melt curve analyses.
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Figure 4.18 MCA of RT-gPCR products of RT+ from CXCL10 gene expression
assay. Curves are representative of RT+ samples in the RT-qPCR assay analyses which
produced single peaks in melt curve analyses.
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Figure 4.19 MCA of RT-gPCR products of RT+ from CXCL13 gene expression
assay. Curves are representative of RT+ samples in the RT-gPCR assay analyses which

produced single peaks in melt curve analyses.
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Melt Curve

Derivative Reporter (-Rn)

85.0 700 75.0 80.0 85.0 90.0 5.0

Temperature (°C)

Figure 4.20 MCA of RT-qPCR products of RT+ from IL6 gene expression assay.
Curves are representative of RT+ samples in the RT-qPCR assay analyses which
produced single peaks in melt curve analyses.
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Figure 4.21 MCA of RT-qPCR products of RT+ from TNF-a gene expression assay.
Curves are representative of RT+ samples in the RT-qPCR assay analyses which
produced single peaks in melt curve analyses.
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Figure 4.22 MCA of RT-gPCR products of RT+ from TNFSF10 gene expression
assay. Curves are representative of RT+ samples in the RT-gPCR assay analyses which

produced single peaks in melt curve analyses.

PPIB was used as the reference gene in this study. The direction of gene expression
change is shown in Figure 4.23. TNF-a, IL6, and CCL2 were shown to be up-
regulated in three samples around 1-2 fold and CXCL13, CXCL10 and TNFS10 were
shown to be down-regulated around 1-2 fold.
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Figure 4.23 RT-gPCR relative gene expression changes (Fold change) of six
target genes in three samples E10, E30, and P30 compared with control THP-1

cells. Data represents mean £ SEM. n=3.
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4.3.2.4 THP-1 cytokines and chemokines release assay

The protein expression of the genes of interest that were chosen from RNA-Seq and
RT-qPCR results were investigated using ELISA. The ELISA results for ILS6,
CXCL10, CCL2, TNFSF10 and CXCL13 are shown in Figures 4.24-4.28,
respectively. No significant increase or decrease of cytokines and cheomokines
release were observed in IL6, CCL2, TNFSF10 and CXCL13 production by E and P
at all different concentrations (10 pg/ml and 30 pg/ml) compared with cells alone.
Only CXCL10 showed a slight difference between the control and E and P (Figure
4.25).

IL6

Concentration (pg/ml)

cell E10 E30 P30

Figure 4.24 1L6 productions of P and E at different concentrations E10, E30 and
P30 compared with THP-1 cell. Data represents mean + SEM, n=3. Data was

analysed using One-Way ANOV A with a Dunnett’s Multiple Comparison Test.

130



-d - N
o (4] o
1 1 )

Concentration (pg/ml)

(3]
1

CXCL10

117

J'_l

cell

E10 E30

P30

Figure 4.25 CXCL10 productions of P and E at different concentrations E10,
E30 and P30 compared with THP-1 cell. Data represents mean + SEM, n=3. Data

analysed using One-Way ANOVA with a Dunnett’s Multiple Comparison Test.

150

Concentration (pg/ml)

CCL2

7

cell

E10 E30

P30

Figure 4.26 CCL2 productions of P and E at different concentrations E10, E30

and P30 compared with THP-1 cell.

Data represents mean + SEM, n=3. Data

analysed using One-Way ANOV A with a Dunnett’s Multiple Comparison Test.

131



0.03+

S
o
a

0.01+

Concentration (pg/ml)

0.00-

Figure 4.27 TNFSF10 productions of P and E at different concentrations E10,
E30 and P30 compared with THP-1 cell.
analysed using One-Way ANOVA with a Dunnett’s Multiple Comparison Test.
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Figure 4.28 CXCL13 productions of P and E at different concentrations E10,
E30 and P30 compared with THP-1 cell. Data represents mean + SEM, n=3. Data
analysed using One-Way ANOV A with a Dunnett’s Multiple Comparison Test.
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4.3.2.3.1 Comparison of gene expression determined by RNA-Seq data with the

relative gene expression (2~\4€T

ELISA

) and with protein expression determined by

Validation of the RNA-Seq data was conducted using RT-gPCR. RNA-Seq data
showed down-regulation in all genes (Table 4.9), but only CXCL10, CXCL13 and
TNFSF10 genes were down-regulated as determined by RT-qPCR, which was the
same as the RNA-Seq analysis. CCL2, IL6 and TNF-a expression was up-regulated
which was the opposite to the RNA-Seq data. According to the ELISA result, only
TNF-a and CXCL10 were down-regulated, which was the same as the RNA-Seq data,
but there was no change in expression of CCL2, CXCL13, IL6 and TNFSF10.
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Table 4.9 Comparison of THP-1 cell gene expression determined by RNA-Seq data

with RT-gPCR relative gene expression (224“T) data and with protein expression

determined by ELISA.

LT R
ST LAY
SO IR
USRS
TNF- a NDNDNDﬂﬂﬂlll
LN

ﬂ : up regulated
l : down regulated
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4.4 Discussion

RNA-Seq is a high throughput technique that is used to analyse gene expression of
biological objects under specific conditions and have become the gold standard for in
depth characterization of novel transcript isotherm in tissue samples (Manchon et al.,
2017). Therefore RNA-Seq was used in this study in order to examine the
transcriptome of THP-1 cells treated with pure compound (7-methoxydole-3-
carboxylic acid methyl ester) extracted from P. everhartii (E) and purchased (P). The
isolated RNA samples showed RQI of 9 which indicated the high quality of the RNA
samples. Following the results obtained from the biological activity studies in
Chapter 3, RNA-Seq was carried out. The RNA-Seq data revealed a number of key
inflammatory pathways associated with disease pathologies affected by each
treatment. The cytokine-cytokine receptor interaction pathway was the only pathway
that was differentially affected by the E30 and P30 treatments with up-regulation and
down-regulation. Six genes from this cytokine-cytokine receptor interaction pathway
associated with inflammation and AD genes that were chosen for further
investigation by RT-qPCR and ELISA.

THP-1 cells were used as the in vitro model cell system in this study. Chanput et al.
(2014) reviewed that THP-1 cells have been widely used as an in vitro model of
human macrophages in mechanism studies of inflammatory disease and gene
expression of THP-1 macrophages appeared to be at a maximum after 6 h. In this
study, there were two substances on trial: E10 pg/ml and E30 pg/ml; P30 pg/ml and
the incubation time of treatment was 24 h. CXCL10, CXCL13 and TNFSF10 were
down-regulated for all the techniques used (RNA-Seq, RT-gPCR, and ELISA), but
CCL2, TNFSF10 and TNF-a demonstrated different expression responses to the
compounds between RNA-Seq data, RT-gPCR, and ELISA (Table 4.16).
Mismatches between RNA-Seq and RT-gPCR has been observed; Taylor, et al.
(2017) mentioned that when comparing changes in protein levels with changes in
transcriptional levels, not all changes were concordant with the utility of a ‘multi-
omics’ approach to further elucidate the mechanism behind complex biological

responses. Cheng et al. (2007) studied the effect of the collection time point on gene
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expression of G. lucidum polysaccharide in THP-1 cells using microarray and qPCR,
and found that different time points showed differing effects on gene expression. The
Taylor, et al. (2017) review might relate to this study in that the results from RNA-
Seq, RT-gPCR and ELISA showed opposite findings. In addition, Fassbinder-orth,
(2014) reviewed that three additional sources of variation exist in studies of gene
expression: technical variation which occurs after collection of samples, biological
variation which is due to difference in gene expression within an organism, or
difference among individuals in a population or among species, and environmental

variation. Therefore, these might be the cause of opposing results in each method.

4.4.1 Effect of P and E on TNF-a

No TNF-a gene showed in DEGs list from RNA-Seq, however the biological results
from Chapter 3 showed anti-inflammatory activity of sample P and E so the TNF-«
gene was investigated for anti-inflammatory properties using RT-gPCR and ELISA
techniques. The TNF-o gene showed up-regulation by RT-gPCR and down-
regulation by ELISA. In this study, the incubation time with treated samples was
only 24 h which may be the reason that the result from RT-gPCR and ELISA were
different. Chanput et al. (2014) mentioned that gene expression of THP-1
macrophages appeared to be maximum after 6 h so the collection time point should
be studied in further experiments. However the mechanism behind such a complex
biological response might be a factor for differences in direction of the results
obtained between RT-gPCR and ELISA techniques. Berti et al. (2002) mentioned
that the peak level of TNF-o mRNA was observed at the 6 h time point. The
expression levels of IL-8, ICAM-1, IP-10, MCP-1, TNF-o and MMP-1 were
significantly reduced after phosphatidylcholine (PC) pre-treatment for at least 2 h
(Treede et al., 2009). All these findings support the sampling time of treatment may
affect the detected expression level of TNF-a. Polysaccharide extracts from the
medicinal mushroom C. militaris showed anti-inflammatory effects at 50 ug/ml by
inhibiting MRNA expression levels of IL-7f, TNF-a and COX2 after incubation for 3

136



h with THP-1 cells (Smiderle et al., 2014). The ELISA result in this study showed a
down-regulation of TNF-a that correlated with a number of studies reporting a
decrease of TNF-a. Maxia et al. (2011) mentioned that a decrease of TNF-a and IL6
levels in a rat paw oedoma assay by Pistacia lentiscus oil may be useful in treatment
of inflammatory conditions. Triterpene extract from the medicinal mushroom G.
lucidum (GLT) supressed the inflammatory response in LPS-dependent secretion of
TNF-0, IL6, NO and prostaglandin E2 (PGE;) from murine RAW 264.7
macrophages (Dudhgaonkar et al., 2009). Dichloromethane extract of Auricularia
auricula-judae markedly reduced the expressions of inflammatory cytokines (IL-6,
TNF-o and IL-13) mRNA in LPS-treated RAW 264.7 macrophages at concentrations
of 10, 30, 100, and 300 ug/ml at 24 h (Damte et al., 2011). As mentioned earlier, the
RT-gqPCR analysis of P and E effects on THP-1 cell gene expression showed TNF-a
up-regulation while the ELISA study in Chapter 3 showed down-regulation of TNF-
a. Further investigation of these compounds would benefit from time-response gene
expression and ELISA studies to improve understanding of their mechanism of

action on these cells.

4.4.2 Effect of P and E on TNFSF10

TNFSF10 (TRAIL) is a member of the TNF superfamily of cytokines that is
involved in different kinds of inflammatory responses (Zaba et al., 2010). TNFSF10
is not detectable in healthy human brain; its expression is upregulated in several
neurodegenerative diseases including AD (Cantarella et al., 2015). RNA-Seq and
RT-gPCR results indicated that all treatments showed down-regulated TNFSF10
expression, however there were no changes observed in the ELISA experiments.
Choi (2013) indicated that an extract from the root bark Moutan Cortex Radicis
(MCR), can inhibit the up-regulation of Tnfsfl10 by LPS stimulation in cultured
human gingival fibroblasts (HGFs). Brazilian red propolis (BRP) showed anti-
inflammatory properties by inhibiting genes that activate NF-xB and MAPK
pathways such as Mapkl, Il1b, Tnfsf10, and Txnl in LPS activated peritoneal
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macrophages at a concentration of 60 pg/ml (Bueno-silva et al., 2017). Neutralisation
of TNFSF10 improved and controlled immune/inflammatory responses in the brain
of 3xTg-AD mice that was a potential target for efficacious treatment of amyloid
related disorders (Cantarella et al., 2015). These parallels suggest that P and E are

acting like other ant-inflammatory and potential anti-Alzheimer agents.

4.4.3 Effect of P and E on CXCL10

CXCL10 was originally identified as a proinflammatory chemokine mediating
leukocyte trafficking and Cxcl10 mRNA and protein expression have been associated
with pathogenesis of various infectious diseases, chronic inflammatory, and
autoimmune diseases as well as cancer (M. Liu et al.,, 2011). Following the
treatment of activated THP-1 cells with P and E, CXCL10 expression showed down-
regulation in RNA-Seq data, RT-gPCR, and ELISA analysis. Takagi et al. (2014)
reported that inflammation-related genes are Ptx3, 118, 116, Cxcl10, Gbpl, Chrm3,
Cxcl1, 111r2, Ccl18, and Ccl13 and showed up-regulation. CXCL10 related to anti-
inflammatory and human disease has been mentioned in many published papers.
Vitex trifolia extract showed anti-inflammatory effects by the significant inhibition of
Ccl3 and Cxcl1l0 mRNA production in LPS-stimulated RAW264.7 cells at 2500
mg/ml (Matsui et al., 2012). EPZ-6438 is a small molecule which is used for
inhibiting EZH2 (Enhancer of Zeste Homolog 2) that plays a role in inflammation
and significantly suppressed the expression of key LPS-inducible inflammation and
immunity-related genes, including Ccl3, Ccl4, Ccl8, Ccl12, Cxcl2, Cxcl10, Tnf-q,
Irgl and Setdb2 in mice (Arifuzzaman et al., 2017). An azaphenothiazine derivative,

6-chloroethylureidoethyldiquino  [3,2-b;2°,3’-e][1,4]thiazine(DQT) inhibited the
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expression of CXCL10 at the protein level in mouse models. Gonomycin isolated
from fermentations of the basidiomycete G. applanatum reduced LPS/IFN-y induced
CXCL10 protein synthesis and excretion (Jung et al., 2011). Antroquinonol
significantly attenuated histopathologic changes in mouse skin and inhibited the
infiltration of CD8" T cells and expression of chemokines CXCL10 and CXCR3
(Guan et al., 2017). Therefore, down-regulation of CXCL10 by P and E suggests that
this compound could be considered for development of potential anti-inflammatory

and anti-Alzheimers treatment in the future.

In addition, CXCL10 represents a potential pharmacologic target for other human
diseases such as infectious diseases and cancer. BXL-01-0029 is a prodrug of BXL-
2198 that was used for immunosuppressive activity and reported to decrease the
expression of CXCL10 in human renal tubular cells and reduce kidney allograft
rejection (Liu et al., 2011). Michlmayr & McKimmie (2014) found that CXCL10 can
mediate leukocyte influx in a variety of inflammatory CNS diseases (such as AD) as
shown in Figure 4.18 and could be a potential drug target to block functional
CXCL10 in these diseases. M. Liu et al. (2011) reviewed that CXCL10 is recognised
as a biomarker that predicts severity of various diseases. CXCL10 has been reported
in higher levels in patients with IBD and associated with inflammatory disease
therefore CXCL10 might be an attractive target for the development of new
therapeutics against various inflammatory conditions (Jung et al., 2011). In this study

THP-1 cells treated with P and E samples showed down-regulation of CXCL10 in
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RNA-Seq, RT-gPCR and ELISA so it may be good starting point for further study to

use in anti-inflammatory and anti-Alzheimers treatment.

Infectious diseases
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Figure 4.29 CXCL10 function can be either beneficial or detrimental to the host
depending on the disease and context (Michlmayr & McKimmie, 2014).

Abbreviations: EAE, experimental autoimmune encephalomyelitis; MS, multiple sclerosis; MHV,
mouse hepatitis virus; LCMV, lymphocytic choriomeningitis virus; WNV, West Nile virus; HSV,

herpes simplex virus.
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4.4.4 Effect of P and E on CXCL13

CXCL13 is chemotactic for B cells, which is produced in ectopic lymphoid follicles
in the pathogenesis of MS and neuromyelitis optica (NMO) (Alvarez et al., 2013).
The RNA-Seq data and RT-qPCR indicated that Cxcl13 was down-regulated in THP-
1 cells treated with P and E. However, no changes in ELISA protein levels were
observed. CXCL13 seems to be the major determinant for B cell recruitment to the
CNS compartment in different neuroinflammatory diseases (Kowarik et al., 2012).
Data & Kurth (2013) reported that one or more inflammatory disease markers
consisting of CXCL9, CXCL10, CXCL11, CXCL13, CXCR3 and CXCR5. CXCL13
is associated with worse outcomes in MS patients and higher levels may help predict
who will develop MS amongst those with clinically isolated demyelinating
syndromes (Alvarez et al., 2013). According to the result from RNA-Seq data and
RT-gPCR indicated that P and E showed down-regulation; it may be helpful for AD

treatment as CXCL13 is a potential pharmacologic target for the disease.

4.4.5 Effect of P and E on CCL2

CCL2 is a pro-inflammatory chemokine that is a potential intervention point for the
treatment of various inflammatory and autoimmune diseases. In this study, CCL2
showed down-regulation from RNA-Seq data and up-regulation from RT-gPCR in
THP-1 cells treated with P and E. Takei et al. (2006) reported that glycyrrhizin (GL)
has the capacity to suppress systemic inflammatory response syndrome (SIRS)
associated with an anti-inflammatory response manifestation through the inhibition
of CCL2 production by polymorphonuclear neutrophils (PMN). Latil et al., (2012)

found that a hexanic lipidosterolic extract of Serenoa repens (hexanic LSEST)
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reduced the expression of two key inflammatory mediators, Mcp-1/Ccl2 mRNA
levels in both epithelial (BPH-1) and myofibroblastic (WPMY-1) prostate cell lines.
Westin et al. (2012) found that elevated CCL2-signaling in the brain might
exacerbate the progression rate of AD-related pathology during pre-dementia stages.
Ansari et al. (2011) reviewed that CCL2 can be induced during several human acute
and chronic viral infections and could be an anti-inflammatory target in the treatment
of HIV-1 infection. All of these findings support that CCL2 is the chemokine that
correlated with AD and inflammation and the RNA-Seq showed down-regulation so
requires more study. However, the result in this study showed the opposite result that
may happen from the mechanism behind complex biological responses as mentioned

at the beginning.

4.4.6 Effect of P and E on IL6

IL6 is a pleiotropic cytokine and demonstrated to be a multifunctional cytokine that
regulates numerous biological processes including organ development, acute-phase
responses, inflammation, and immune responses (H. Su et al., 2017). In this study,
IL6 was down-regulated in RNA-Seq data and up-regulated in RT-qgPCR and no
change in ELISA. The triterpene extract from G. lucidum (GLT) suppressed the
secretion of inflammatory cytokines TNF-a and IL-6, and inflammatory mediators
NO and PGE2 from LPS-stimulated RAW264.7 cells (Dudhgaonkar et al., 2009). A
protein (PEP) from Pleurotus eryngii, exhibited an anti-inflammatory effect on LPS-
stimulated RAW264.7 macrophages by inhibiting the overproduction of IL-1p,
TNFo, and COX2 (Yuan et al., 2017). Chlorojanerin isolated from Saussurea
heteromalla was shown to be significantly effective in inhibiting TNF-o and IL-6
production in LPS-stimulated THP-1 cells (IC50 = 2.3 £ 0.2 uM and 1.8 + 0.7 uM,
respectively) and inhibited LPS-induced mRNA transcription of NF-kB dependent
genes for Tnfsf10, 116, Tnf-a, Irfl, Ptgs2, Bcl-2, 11-18, and Nfkbla which can be
developed into better therapeutic molecules targeted towards some specific

inflammatory diseases (Saklani et al., 2012). All these findings support that
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inhibition of IL6 can be used for inflammatory disease treatment. In this study IL6
revealed conflicting gene expression results between the two techniques used,
exhibiting down-regulation in RNA-Seq, but up-regulation in RT-gPCR. Due to
limitation of time, it would be appropriate to repeat the anti-inflammatory activity in
the future. Moro et al. (2012) reported that results obtained with the same extract
from different assays, could be mediated by the selective inhibition of different

upstream factors in macrophage activation by LPS.

In conclusion, RNA-Seq, RT-gPCR and ELISA findings from THP-1 macrophages
stimulated with LPS showed that purified sample P and E may have potential for
anti-inflammatory and anti-Alzheimers activities. There are no published scientific
reports of the effects of pure compound 7-methoxyindole-3-carboxylic acid methyl
ester on gene expression in THP-1 cells. CCL2, CXCL10, CXCL13, IL6, and
TNFSF10 have roles in inflammatory diseases and AD. These genes showed down-
regulation in RNA-Seq and TNF-a were decreased from biological activity result
(Chapter3) in both P and E. This compound appears to be an attractive one to
consider further investigation as an inflammatory and anti-Alzheimers agent due to
its inhibitory action on CXCL10, CXCL13 and TNFSF10 gene expression in RT-
gPCR and decreased CCL2, IL6 expression in RNA-Seq including inhibition of
TNF-a in ELISA. The occasional conflicting results obtained from gene and protein
expression techniques used in this study highlights the challenges faced in obtaining
clarity in the mechanisms of action of drugs on cells. The correlation between the
processes behind complex biological responses as mentioned previously and the
period of gene expression time and gene expression level changes may not exhibit
temporal alignment with that of protein expression. Chanput et al. (2014) reviewed
that gene expression of THP-1 macrophages appeared to be maximum after 6 h
therefore the different collection time points of gene expression should be
investigated in the future. Analysis of the RNA-Seq data analysis reveals a complex
network of affected pathways and there is a massive amount of data that could be
studied in the future such as acetylcholine receptor (chrna gene) in neuroactive

ligand-receptor interaction (Appendix B): a pathway that was related to AD.
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CHAPTER 5 Summary, Future Work and Conclusions
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5.1 Summary

Three mushrooms were chosen for study in this project. According to the previous study
carried out at TISTR, genus Phellinus had shown good biological activity and F. cajanderi
can be cultivated in the laboratory so two species of Phellinus mushrooms (P. everhartii and
P. laevigatus) and one of F. cajanderi were investigated. Soxhlet was used for extraction;
column chromatography was used for purification of the compounds and NMR was used to
identify the compounds E, an alkaloid compound was isolated for the first time from P.

everhartii, while compoundl was isolated for the first time from F. cajanderi mushroom.

The biological activities (cytotoxicity, anti-microbial, anti-inflammatory and anti-
Alzhiemers) of EtOH crude extract and purified compound P and E were examined. EtOH
crude extract of F. cajanderi showed cytotoxicity against ovarian carcinoma (A2780),
prostate carcinoma (LNCap) and breast carcinoma (ZR75-1) at IC50 149.70 pg/ml, 125.60
pHg/ml and more than 150 pg/ml, respectively. EtOH crude extract from P. everhartii and P.
laevigatus showed cytotoxicity against LNCap at 1C50 80.46 pg/ml and 125.90 pg/ml and
ZR75-1 at IC50 more than 150 pg/ml. EtOH crude extract of F. cajanderi showed
antimicrobial activity against three gram-positive bacteria (B. subtillis, S. aureus, and L.
monocytogenes) and one gram-negative strain (P. aeruginosa) at 1 mg/ml. Three crude
extracts from mushroom F. cajanderi, P. everhartii and P. laevigatus showed the anti-
inflammatory activity in THP-1 cell at concentration 31.25ug/ml, 7.81pug/ml and 1.76ug/ml.
This study suggests a potential use of EtOH crude extract of F. cajanderi as a source of
anticancer activity for ovarian, prostate, breast cancers, and antimicrobial and anti-
inflammatory activity. P. everhartii and P. laevigatus could be used for anticancer treatment
of prostate and breast cancers and as an anti-inflammatory agent. However the purified
compound of EtOH crude extracts from P. everhartii, P. laevigatus and F. cajanderi should
be isolated and purified and the activity evaluated again.
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The pure compounds P and E were studied for anti-inflammatory properties using three
different methods. P and E both showed significant anti-inflammatory activity at 20 pg/ml
and 30 pg/ml in THP-1 cells and in NCTC cells at 30 pg/ml. However, in L929 cells the

percentage of the highest protection was slightly lowered around 30% at 10 pg/ml.

Anti-Alzheimer activity was investigated using AChE inhibitory activity and a
neuroprotectivity assay. The result showed that the highest percentage of AChE inhibitory
activity was 70% observed at 150 ug/ml for P and E and the highest protective percentage
against H,O, in SHSY5Y cells was around 40% at 50 pg/ml after 24 h for both sample P
and E. However the AChE inhibitory activity showed an inhibitory percentage less than the

positive control so P and E would not be good candidates for AD treatment.

P and E were then investigated by RNA-Seq and RT-gPCR to examine any gene expression
changes and ELISA was used to confirm the result. RNA-seq data found that the cytokine-
cytokine receptor interaction pathway was affected in almost treatment samples. Six genes
(Ccl2, Cxcl10, Cxcl13, Tnfsf10, 116, and Tnf-«) from RNA-seq analysis and the result from
Chapter 3 were chosen for validation by RT-qPCR and ELISA. All six genes showed down-
regulation in all samples with a 1 to 8 log 2-fold change. RT-gPCR showed that 7NFa, IL6
and CCL2 were up-regulated in three samples (E10, E30 and P30) with 1-2 fold and
CXCL13, CXCL10 and TNFS10 were down-regulated 1-2 fold.

The purified compound 7-methoxyindole-3-carboxylic acid methyl ester by extraction (E)
and purchased (P) showed identical results and biological activity was similar but only E
showed slightly higher than P in the neuroprotective activity.

This suggests that 7-methoxyindole-3-carboxylic acid methyl ester may be developed for

ant-inflammatory treatment in the future.
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5.2 Future work

Purification of crude extract from F. cajanderi and investigation of biological
activity such as anti-cancer, anti-inflammatory and anti-microbial from pure
compounds of F. cajanderi

In this study only cytokine-cytokine receptor interaction pathway and only six genes
were investigated therefore the different pathways and genes from the RNA-Seq
result should be examined further.

The different collection time points of the samples should be carried out to
investigate gene expression using RT-qPCR.

Only fruiting bodies of the mushrooms were used for extraction in this study, but the
filamentous part should be cultivated in the laboratory and the biological activity
studied too in order to support commercial development in the future.

The safety of 7-methoxydole-3-carboxylic acid methyl that showed anti-
inflammatory activity should be considered in in vivo studies before being

investigated further.
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5.3 Conclusion
The local people in North-East of Thailand believed that genus Phellinus and genus

Fomitopsis can use the mushrooms for treatment by boiling and drinking the water and some

finely grate and mould the material into a bolus and eat it like a tablet. In the previous study

by TISTR, they found that mushrooms in the genus Phellinus had good biological properties

and the genus Fomitopsis in its filamentous form can be stored in 15% glycerol at -80°C and

still be alive after 2 years. In the present study, the compounds from three mushrooms P.

everhartii, P. laevigatus and F. cajanderi were extracted and biological activity evaluated.

The main findings of the study were:

F. cajanderi showed cytotoxicity against ovarian carcinoma (A2780), prostate
carcinoma (LNCap) and breast carcinoma (ZR75-1) at IC50 149.70 ug/ml, 125.60
pg/ml and more than 150 pg/ml, respectively.

F. cajanderi showed antimicrobial activity against three gram-positive bacteria (B.
subtillis, S. aureus, and L. monocytogenes) and one gram-negative strain (P.
aeruginosa) at 1 mg/ml.

P. everhartii and P. laevigatus showed cytotoxicity against LNCap at 1C50 80.46
pg/ml and 125.90 pg/ml and ZR75-1 at IC50 more than 150 pg/ml, respectively.

The crude extracts from mushroom F. cajanderi, P. everhartii and P. laevigatus
showed the anti-inflammatory activity in THP-1 cell at concentration 31.25ug/ml,
7.81pug/ml and 1.76pg/ml.

The pure compounds P and E showed significant anti-inflammatory activity at 20
pg/ml and 30 pg/ml in THP-1 cells.

P and E decreased the percentage control of NF«kB significantly (P<0.05) were
approximately 55% and 75%, respectively at 30 pg/ml.

P and E showed the percentage of protection L929 (P<0.05) from cytotoxic effects of
10 pg/ml TNF-o were around 10-30%.

P and E showed the protective percentage against H202 in SHSY5Y cells was
around 40% at 50 pg/ml
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e RNA-Seq data found that the cytokine-cytokine receptor interaction pathway was
affected in P and E sample.
e RT-qPCR showed that TNFa, IL6 and CCL2 were up-regulated in three samples

(E10, E30 and P30) with 1-2 fold and CXCL13, CXCL10 and TNFS10 were down-
regulated 1-2 fold.

This study was in response to the lack of scientific data on mushroom P. everhartii, P.
laevigatus and F. cajanderi use by the local people. Therefore this research produced
findings that the mushroom could be valuable sources of some new potential anti-

inflammatory and anti-cancer treatment.
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Appendix A

Information of using mushroom from local people

The regions that collect mushroom and interviews the people comprise of Nakhon
Ratchasima, Maha Sarakham, Mukdahan, Sakon Nakhon, Yasothon, Roi Et, Chaiyaphum,
Khon Kaen and Amnat Charoen.

Summary of interviews

From the interviews, it was found that of the people being interviewed had received no
formal education; they had a good knowledge regarding their health and the plants including
mushrooms that they were using. Mushrooms sometimes have no use for treatment of
diseases experienced, but this is justified by the fact that the people are more aware of their
illnesses. For example the people in Phu Pha Khood told that they used mushroom for
illness by boiling in the water with one type of mushroom or mixture of mushroom and
drinking the water. Some will use by soaking mushroom in the rice whisky and leave it for a
period of time and drink it in small amount everyday. Some areas will ground as a powder
and put small amount when cooking. Some finely grate and mould the material into a bolus

and eat it like a tablet.
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Appendix B RNA-Seq
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Figure 1B: Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated

with P 30 pg/ml vs THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours

represent the significantly enriched KEGG pathways associated with

genes up-regulated genes by more than 2-fold.
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Figure 2B: Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated

with P 30 pg/ml vs THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours

represent the significantly enriched KEGG pathways associated with all genes down-regulated by more than 2-fold.
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Figure 3B: Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated
with the E 30 pg/ vs THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours
represent the significantly enriched KEGG pathways associated with all genes up-regulated by more than 2-fold.
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Figure 4B: Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated
with E 30 pg/ml vs THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours

represent the significantly enriched KEGG pathways associated with all genes down regulated by more than 2-fold.
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Figure 5B: Cytoscape ClueGO cluster results using the differentially expressed genes from the RNA-seq data of the THP-1 cells treated
with E 10 pg/ml vs THP-1 cell control. ClueGO legend (shown on the right of the figure) — circle size represents the number of genes, colours

represent the significantly enriched KEGG pathways associated with all genes down regulated by more than 2-fold.
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Table 1B The list of significant associated GO terms and genes with altered expressions

identified using ClueGO KEGG pathway enrichment analysis when comparing RNA-
Seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control.

GO Term

Associated Genes Found

Cytokine-cytokine  receptor

interaction

Ackr3, Amhr2, Ccll, Ccl13, Ccll7, Ccl2, Ccl21, Ccl22,
Ccl7, Ccl8, Ccri, Ccrl0, Ccr4, Ccr5, Cd40, Crlf2,Cx3cl1,
Cx3crl, Cxcl10, Cxcl11, Cxcl12, Cxcl13,Cxcl14,Cxcll6,
Cxcl5, Cxcl6, Cxcl9, Cxcr5, Cxcr6, Fas, Flt1, Gdf5, Ifnk,
Ifnl1, 1112a, 1112rbl, 115ra, 117c, 117re, 1119, 112rg, 113ra,
116, 117, 1I7r, Inhba, Inhbe, Ltb, Ngfr, Pdgfrb, Pf4vl, Tgfb3,
Tnfrsfllb, Tnfrsf18, Tnfrsf6b, Tnfsf10, Tnfsf12, Tnfsf13B,
Tnfsf15, Tnfsf18, Tnfsf4, Tnfsf8, Tnfsf9, Xcl2

Neuroactive ligand-receptor

interaction

Adora3, Adralb, Adrald, Adra2a, Avprla, Avpr2, Bdkrb2,
C3arl, Cckbr, Ch17-360d5.1, Chrm2, Chrm4, Chrnal,
Chrnal0, Chrna3, Chrna6, Chrna7, Chrna9, Chrnb4,
Cysltr2, Ednra, F2r, F2rl3, Fprl, Gabral, Gabra4,
Gabrb2, Gabrq, Galrl, Glra2, Glrb, Gpr35, Gpr83, Grik5,
Grml, Grm2, Hrh3, Hrh4, Htrld, Htr2b, Htr4, Lpar4,
Lpar6, Masl, Mchr2, Npbwrl, P2rx2, P2rx3, P2rx7, P2rys,
Ptafr, Rxfpl, Rxfp4, S1prl, Slpr4, Viprl

Olfactory transduction

Ncald, Orllal, Or2al, Or2a4, Or2a42, Or2ael, Or2cl,
Or4c6, Or4dl, Or52n4, Or5b2, Or7d4, Or7e24, Or8al,
Prkg2, Rgs2, Slc8al, Sic8a3
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Table 1B The list of significant associated GO terms and genes with altered expressions

identified using ClueGO KEGG pathway enrichment analysis when comparing RNA-

Seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control (continue).

GO Term

Associated Genes Found

MicroRNAS in cancer

Bcl2111, E2f2, Fgfr3, Irs2, Mirl06b, Mir221, Myc,
Notch4, Pdgfrb, Prkcg, Thbsl, Tnc, Tnxb, Trim71

Cell adhesion molecules
(CAMs)

Cd226, Cd274, Cd28, Cd40, Cd80, Cd86, Cdh4, Cldnl,
Cldn14, Cldn2, Cldn23, Cldn4, Cldn5, Cldn6, Cldn7, Hla-
Dmb, Hla-Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-
Dga2, Hla-Dra, Icos, Itgh8, Lrrc4c, Madcaml, Nectinl,
Nrxnl, Nrxn2, Ntngl, Pdcdl,Pdcdllg2, Ptprc, Ptprm, Sell,
Siglecl, Vcaml

Intestinal immune network for

IgA production

Ccr10, Cd28, Cd40, Cd80, Cd86, Cxcl12, Hla-Dmb, Hla-
Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, Icos, I115ra, 116, Madcaml, Tnfsf13b

Type | diabetes mellitus

Cd28, Cd80, Cd86, Fas, Gadl, Gzmb, Hla-Dmb, Hla-Doa,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra,
I112a
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Table 1B The list of significant associated GO terms and genes with altered expressions

identified using ClueGO KEGG pathway enrichment analysis when comparing RNA-
Seq data of the THP-1 cells treated with P 30 ng/ml vs THP-1 cell control (continue).

GO Term

Associated Genes Found

S. aureus infection

C1r, Cls, C3arl, Cfb, Cfh, Fcgr3b, Fprl, Hla-Dmb, Hla-
Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, Mbl2, Ptafr

Rheumatoid arthritis

Angptl, Atp6v0d2, Ccl2, Cd28, Cd80, Cd86, Cxcll12,
Cxcl5, Cxcl6, FItl, Hla-Dmb, Hla-Doa, Hla-Dpal, Hla-
Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, 116, Ltb, Tek,
Tgfb3, Tnfsf13b

Allograft rejection

Cd28, Cd40, Cd80, Cd86, Fas, Gzmb, Hla-Dmb, Hla-
Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, 1112a

Graft-versus-host disease

Cd28, Cd80, Cd86, Fas, Gzmb, Hla-Dmb, Hla-Doa, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, 116,
Kir2dl1, Kir2dI5a, Kir3dl2, Klrcl
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Table 2B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-Seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control.

GO Term

Associated Genes Found

Neuroactive

interaction

ligand-receptor

Adralb, Adrald, Adra2a, Avprla, Bdkrb2, Cckbr, Chrm2,
Chrm4, Chrnal0O, Chrna7, Chrnb4, Gabrq, Glra2, Glrb,
Gpr83, Grik5, Grml, Grm2, Hrh3, Htrld, Mchr2,
Npbwrl, P2rx3, Rxfp4, Slprl, Slprd

Pathogenic E. coli infection

TIr5, Tuba3c, Tuba3d, Tuba3e, Tubb2a, Tubb3, Tubb4a,
Tubb4b, Tubb8

Ribosome biogenesis in | Nxf1l, Rmrp, Rna5sl, Rnabsl0, Rna5sll, Rna5sl2,

eukaryotes Rna5s13, Rna5s14, Rna5s15, Rna5s16, Rna5s17, Rna5s2,
Rna5s3, Rna5s4, Rna5s5, Rna5s6, Rna5s7, Rna5s8,
Rna5s9

Ribosome Rnabsl, Rna5s10, Rna5s11, Rna5s12, Rna5s13, Rnab5s14,
Rna5s15, Rna5s16, Rna5s17, Rna5s2, Rna5s3, Rnab5s4,
Rnabs5, Rna5s6, Rnabs7, Rna5s8, Rna5s9, Rpl3l

Alcoholism Creb3ll, Gnaol, Gnb3, Gng2, Gng3, H2afbl, H2afx,

H3f3c, Histlh2ae, Histlh2ag, Histlh2al, Histlh2am,
Histlh2be, Histlh2bf, Histlh2bg, Histlh3a, Hist1lh3j,
Histlh4b, Hist2h2ab, Hist2h3a, Hist2h3c, Hist4h4

176




Table 2B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-Seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control

(continues).

GO Term Associated Genes Found

Systemic lupus erythematosus H2afbl, H2afx, H3f3c, Histlh2ae, Histlh2ag,
Histlh2al, Histlh2am, Histlh2be, Hist1h2bf, Histlh2bg,
Histlh3a, Histlh3j, Histlh4b, Hist2h2ab, Hist2h3a,
Hist2h3c, Hist4h4
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Table 3B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control.

GO Term Associated Genes Found

Cytokine-cytokine receptor | Ackr3, Amhr2, Ccll, Ccl13, Ccll7, Ccl2, Ccl22, Ccl7,
interaction Ccl8, Ccrl, Ccr4, Ccr5, Cd40, Crlf2, Cx3cll, Cx3crl,
Cxcl10, Cxclll, Cxcll12, Cxcl13, Cxcl16, Cxcl5, Cxcl6,
Cxcl9, Cxcr5, Fas, Flt1, Gdf5, Ifnk, Ifnll, 1112a, 1112rb1,
I115ra, 1117re, 112rg, 13ra, 116, 117r, Inhba, Inhbe, Ltb,
Pdgfrb, Pfdvl, Tgfb3, Tnfrsfllb, Tnfrsf18, Tnfsf10,
Tnfsf13B, Tnfsf15, Tnfsf18, Tnfsf4, Xcl2

Chemokine signalling pathway | Adcy4, Adcy7, Ccll, Ccll13, Ccll7, Ccl2, Ccl22, Ccl7,
Ccl8, Ccrl, Ccr4, Ccr5, Cx3cl1, Cx3crl, Cxcl10, Cxcl1l,
Cxcl12, Cxcl13, Cxcl16, Cxcl5, Cxcl6, Cxcl9, Cxcr5, Itk,
Ncfl, Pf4vl, Stat2

Influenza A Caspl, Ccl2, Cxcl10, Ddx58, Eif2ak2, Fas, Hla-Dmb,
Hla-Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dgaz2,
Hla-Dra, Hspa6, Ifihl, 1112a, 1133, 116, Map2k6, Mx1,
Myd88, Oasl, Oas2, Oas3, Rsad2, Stat2, TIr3, Tmprsl3,
Tnfsf10
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Table 3B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control

(continued).

GO Term

Associated Genes Found

CAMs

Cd226, Cd274, Cd28, Cd40, Cd80, Cd86, Cldnl, Cldn2,
Cldn23, Cldn4, Cldn5, Cldn7, Hla-Dmb, Hla-Doa, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, Itgh8,
Lrrc4c, Madcaml, Ntngl, Pdcdl, Pdcdllg2, Ptprc, Sell,
Siglecl, Vcaml

Antigen processing and

presentation

Hla-Dmb, Hla-Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal,
Hla-Dga2, Hla-Dra, Hspa6, Kir2dl1, Kir2dl4, Kir2dl5a,
Kir2ds2, Kir3dl2, Klrcl

Intestinal immune network for

IgA production

Cd28, Cd40, Cd80, Cd86, Cxcl12, Hla-Dmb, Hla-Doa,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra,
I115ra, 116, Madcaml, Tnfsf13b

Type | diabetes mellitus

Cd28, Cd80, Cd86, Fas, Gzmb, Hla-Dmb, Hla-Doa, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, I112a

Leishmaniasis

Fcgr3b, Hla-Dmb, Hla-Doa, Hla-Dpal, Hla-Dpbl, Hla-
Dgal, Hla-Dga2, Hla-Dra, I112a, Myd88, Ncfl, Ncf2,
Ptpn6, Tgfb3
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Table 3B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control

(continued).

GO Term

Associated Genes Found

S. aureus infection

C1r, Cls, C3arl, Cfb, Cfh, Fcgr3b, Fprl, Hla-Dmb, Hla-
Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, Mbl2, Ptafr

Autoimmune thyroid disease

Cd28, Cd40, Cd80, Cd86, Fas, Gzmb, Hla-Dmb, Hla-
Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra

Rheumatoid arthritis

Atp6v0d2, Ccl2, Cd28, Cd80, Cd86, Cxcl12, Cxcl5,
Cxcl6, FIt1, Hla-Dmb, Hla-Doa, Hla-Dpal, Hla-Dpb1l,
Hla-Dgal, Hla-Dga2, Hla-Dra, 116, Ltb, Tek, Tgfb3,
Tnfsf13b

Allograft rejection

Cd28, Cd40, Cd80, Cd86, Fas, Gzmb, Hla-Dmb, Hla-
Doa, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, 1112a

Graft-versus-host disease

Cd28, Cd80, Cd86, Fas, Gzmb, Hla-Dmb, Hla-Doa, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, 116,
Kir2dl1, Kir2dI5a, Kir3dl2, Klrcl
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Table 3B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with P 30 pg/ml vs THP-1 cell control
(continued).

GO Term Associated Genes Found

Viral myocarditis Cavl, Cd28, Cd40, Cd80, Cd86, Hla-Dmb, Hla-Doa, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra
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Table 4B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control.

GO Term Associated Genes Found

Cytokine-cytokine receptor | Amhr2, Ccl15, Ccl17, Ccl2, Ccl21, Ccl25, Ccl7, Ccl8,
interaction Ccr3, Ccr4, Cntfr, Crlf2, Ctfl, Cxcl10, Cxcl11, Cxcl13,
Cxcl14, Cxcl9, Cxcr6, Fas, Gdf5, Ifnbl, Ifnk, Ifnl1,
110ra, 15ra, 1117b, 1117d, 1118r1, 1119, 1122ral, 1123r,
1124, 116, U7r, Tnfrsfl0Oc, Tnfrsfl8, Tnfrsf4, Tnfsfl10,
Tnfsf13b, Tnfsf18, Tnfsf9, Xcll, Xcl2

Influenza A Caspl, Ccl2, Cxcl10, Ddx58, Eif2ak2, Fas, Hla-Dmb,
Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpbl, Hla-Dgal,
Hla-Dga2, Hla-Dra, Hspa6, Ifinl, Ifnbl, 1133, 116,
Map2k6, Nxf5, Oasl, Oas2, Oas3, Plg, Rsad2, Statl,
Stat2, Tlr3, Tnfrsfl0c, Tnfsf10

CAMs Cd274, Cd28, Cd80, Cd86, Cdh5, Cldn10, Cldn14,
Cldn2, Cldn20, Cldn23, Cldn6, Hla-Dmb, Hla-Doa, Hla-
Dob, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, Itga9, Lrrc4c, Ntngl, Pdcdl, Pdcdllg2, Sell, Siglecl
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Table 4B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control

(continued).

GO Term Associated Genes Found

Hematopoietic cell lineage Cdla, Cdls, Cdle, Cd38, Cd3d, Cd5, Cd7, Fcer2,
Gplbb, Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal, Hla-
Dpb1l, Hla-Dgal, Hla-Dga2, Hla-Dra, 116, 117r, Itga2b

Intestinal immune network for | Ccl25, Cd28, Cd80, Cd86, Hla-Dmb, Hla-Doa, Hla-
IgA production Dob, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-
Dra, 1115ra, 116, Tnfsf13b

Type | diabetes mellitus Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpb1, Hla-Dgal, Hla-Dqga2, Hla-Dra

S. aureus infection Clgb, C3arl, C4a, Cfb, Cth, Fcgr2a, Fcgr2c, Fcgr3a,
Fcgr3b, Fprl, Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal,
Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, Plg

Autoimmune thyroid disease Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra
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Table 4B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control

(continue).

GO Term

Associated Genes Found

IBD

Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpbl,
Hla-Dgal, Hla-Dga2, Hla-Dra, 1118r1, 1123r, 116, Nod2,
Statl

Systemic lupus erythematosus

Clgb, Cda, Cd28, Cd80, Cd86, Fcgr2a, Fcge3a,
Fcgr3b, H2afbl, H2afb3, H3f3c, Histlh2ae, Histlh2ah,
Histlh2al, Histlh2bb, Hist1h2be, Histlh2bh, Histlh2bi,
Histlh2bn, Histlh3a, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpb1, Hla-Dgal, Hla-Dga2, Hla-Dra

Allograft rejection

Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra

Graft-versus-host disease

Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra,
116, Kir2dl2, Kir3dI1, Klrcl
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Table 5B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control.

GO Term Associated Genes Found

Systemic lupus erythematosus | Clgb, C4da, Fcgr3a, H2afbl, H3f3c, Histlh2ae,

Histlh2ah, Histlh2al, Histlh2bb, Histlh2be,
Histlh3a
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Table 6B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control.

GO Term Associated Genes Found
Cytokine-cytokine receptor | Amhr2, Ccl15, Ccl17, Ccl2, Ccl7, Ccl8, Ccr4, Crlf2,
interaction Ctfl, Cxcl10, Cxcl11, CXCL13, Cxcl9, Fas, Gdf5, Ifnbl,

Ifnk, Ifnl1, 1110ra, 115ra, 1117d, 1118r1, 1124, 116, II7r,
Tnfrsf18, Tnfsf10, Tnfsf13b, Tnfsf18, Xcl2
NOD-like receptor signaling | Aim2, Camp, Card16, Caspl, Casp5, Ccl2, Gbpl, Gbp2,

pathway Gbp3, Gbp4, Gbp7, Ifil6, Ifnbl, 116, Nod2, Oasl, Oas2,
Oas3, Statl, Stat2
CAMs Cd274, Cd28, Cd80, Cd86, Cldn2, Cldn20, Cldn23,

Cldn6, Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal, Hla-
Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, Itga9, Lrrc4c,
Ntngl, Pdcdl, Pdcd1lg2, Sell, Siglecl

Antigen processing

presentation

and

Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpb1l,
Hla-Dgal, Hla-Dga2, Hla-Dra, Hspa6, Kir2dl2,
Kir2ds4, Klrcl
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Table 6B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control

(continued).

GO Term

Associated Genes Found

Hematopoietic cell lineage

Cdla, Cdld, Cdle, Cd38, Cd5, Cd7, Fcer2, Hla-Dmb,
Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpbl, Hla-Dqgal,
Hla-Dga2, Hla-Dra, 116, 1I7r

Intestinal immune network for

IgA production

Cd28, Cd80, Cd86, Hla-Dmb, Hla-Doa, Hla-Dob, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra,
1115ra, 116, Tnfsf13b

Type | diabetes mellitus

Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpb1, Hla-Dgal, Hla-Dga2, Hla-Dra

Leishmaniasis

Fcgr2a, Fcgr3b, Hla-Dmb, Hla-Doa, Hla-Dob, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra, Statl

S. aureus infection

C3arl, Cfb, Cfh, Fcgr2a, Fcgr3b, Fprl, Hla-Dmb, Hla-
Doa, Hla-Dob, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-
Dga2, Hla-Dra
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Table 6B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control

(continued).

GO Term Associated Genes Found
Hepatitis C Cldn2, Cldn20, Cldn23, Cldn6, Ddx58, Eif2ak2, Ifitl,
Ifitlb, Ifnbl, Oasl, Oas2, Oas3, Ppp2r2b, Ppp2r2c, Statl,
Stat2, Tlr3
Measles Cd28, Csnk2a3, Ddx58, Eif2ak2, Fas, Hspa6, Ifinl, I1fnb1,

116, Oasl, Oas2, Oas3, Statl, Stat2, Tnfsf10

Influenza A Caspl, Ccl2, Cxcl10, Ddx58, Eif2ak2, Fas, Hla-Dmb,
Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpbl, Hla-Dqgal,
Hla-Dga2, Hla-Dra, Hspa6, Ifihl, Ifnbl, 1133, 1I6,
Map2k6, Oasl, Oas2, Oas3, Rsad2, Statl, Stat2, Tir3,
Tnfsf10

Herpes simplex infection Ccl2, Csnk2a3, Ddx58, Eif2ak2, Fas, Hla-Dmb, Hla-Doa,
Hla-Dob, Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2,
Hla-Dra, Ifihl, Ifitl, Ifitlb, Ifnbl, 116, Oasl, Oas2, Oas3,
Statl, Stat2, TIr3

Asthma Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpb1l, Hla-
Dgal, Hla-Dga2, Hla-Dra
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Table 6B The list of significant associated GO terms and genes with altered expressions

identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control

(continued).

GO Term

Associated Genes Found

Autoimmune thyroid disease

Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra

IBD

Hla-Dmb, Hla-Doa, Hla-Dob, Hla-Dpal, Hla-Dpbl,
Hla-Dgal, Hla-Dga2, Hla-Dra, 1118r1, 116, Nod2, Statl

Systemic lupus erythematosus

Cd28, Cd80, Cd86, Fcgr2a, Fcgr3b, H2afb3, Histlh2bh,
Histlh2bi, Histlh2bn, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra

Rheumatoid arthritis

Ccl2, Cd28, Cd80, Cd86, Hla-Dmb, Hla-Doa, Hla-Dab,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra,
116, Tnfsf13b

Allograft rejection

Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dab,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra
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Table 6B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 30 pg/ml vs THP-1 cell control

(continued).

GO Term Associated Genes Found

Graft-versus-host disease Cd28, Cd80, Cd86, Fas, Hla-Dmb, Hla-Doa, Hla-Dob,
Hla-Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra,
116, Kir2dI2, Klrcl

Viral myocarditis Cd28, Cd80, Cd86, Hla-Dmb, Hla-Doa, Hla-Dob, Hla-
Dpal, Hla-Dpbl, Hla-Dgal, Hla-Dga2, Hla-Dra
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Table 7B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 10 pg/ml vs THP-1 cell control.

GO Term Associated Genes Found

Cytosolic DNA-sensing | Aim2, Cxcl10, 116
pathway
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Table 8B The list of significant associated GO terms and genes with altered expressions
identified by using ClueGO KEGG pathway enrichment analysis when comparing
RNA-seq data of the THP-1 cells treated with E 10 pg/ml vs THP-1 cell control.

GO Term Associated Genes Found
Cytosolic DNA-sensing | Aim22, Cxcl10, 116
pathway
Measles Csnk2a3, Fas, 116, Tnfsf10
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