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Abstract
Background: Medicinal mushrooms are mushrooms used with the aim for health 
enhancement. They have been used in traditional Chinese medicine (TCM) 
for thousands of years. These mushrooms and some herbal medicines have 
gain in popularity in recent times, largely due to a growing number of scientific 
studies that suggest their potential medical benefits. They are found to exert 
immunomodulatory effects through changes in the quantity of some specific 
cytokines in blood; as well as numbers and activities of distinct immune cell 
subsets. This article summarizes the immunomodulatory effects of two commonly 
consumed medicinal mushrooms (Coriolus versicolor and Ganoderma lucidum) 
and also three herbal medicines that have been categorized as immunomodulatory 
in function (Cordyceps sinensis, Astragalus membranaceus and Eleutherococcus 
senticosus). 

Methods: A systematic search of published articles of clinical trial studies between 
1985 and August 2015 was conducted in four electronic databases (EMBASE, 
PubMed, Scopus and Web of Science). The outcome measures included changes in 
the serum cytokines secretion and the number and functional activity of different 
immune cell populations. 

Results: After a thorough literature searching of 237 relevant articles, 15 were 
included. Coriolus versicolor and Ganoderma lucidum showed immunomodulatory 
effects in both innate and adaptive immunity arms. There are only very few studies 
in each mushroom or herb, and unequivocal conclusions cannot be drawn. Future 
larger trials of randomized and placebo controlled clinical studies with laboratory 
investigation of changes of multiple immune populations and their subsets are 
needed in consistent with an evidence-based medicine approach.

Keywords: Medicinal mushroom; TCM; NK cells; Dendritic cells; Cytokines; 
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Introduction
The clinical application of single synthetic or highly purified 
pharmaceutical compounds for health and disease is the 
mainstream of Western medical practice. Pure compound 
offers the advantage of clear structure-function relationship of 
pharmaceutical activity and related potential toxicity. On the 
contrary, many herbal medicines contain mixtures of naturally 
derived compounds that the underlying clinically relevant 
chemicals are basically unknown, nor the related mechanisms of 
action and target cells.

Traditional Chinese medicine (TCM) herbs have been used 

for more than thousands of years in historical record among 
China, Japan, Korea and other Asian countries. TCM has been 
used for augmenting the immune status for healthy people and 
also as adjunct with cancer treatment (surgery, radiotherapy 
and or chemotherapy) for cancer patients [1]. Although TCM 
has been advocated for its relatively safe and potential clinical 
beneficial effects as in many individual cases, most evidence in 
the literature is predominantly that of the in vitro animal studies 
and laboratory experimental cellular models. In comparison, the 
published limited in vivo clinical studies are normally of small 
patient numbers, equivocal explanation of the randomization 
protocols and lack of placebo controls.
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There is a recent trend of studying TCM in the awareness of the 
concepts of “multi-directional” and “network” in the context 
of evidence-based medicine. An important advancement is the 
understanding that clinically useful medicine including western 
pure compounds may not be restricted to the “single compound 
single target” theory. It is clear now that even a single compound 
such as Thalidomide [2] produces its surprising significant clinical 
effects to extend Myeloma patients’ overall survival by modulating 
diverse immunological cell populations. This multi-directional 
mechanism of action is also seen in a TCM compound of Arsenic 
Trioxide that exerts its clinical effects through interacting with 
multiple cells in particular through a few important immune 
populations [3]. A network pharmacology approach strategy has 
also been purposed to approach the investigation of the effects 
due to the TCM usage [4]. It is therefore logical to propose that 
TCM herbs, each of multiple chemical compounds, can exert their 
effects in multiple target cells such as the diverse immunological 
important populations and bring about the desirable clinical 
effects.

Medicinal mushrooms are defined as mushrooms used as 
medicinal agents. Specific immunotherapeutic properties have 
been characterized by more than 270 recognized mushrooms 
species [5]. In this review, the two medicinal mushrooms were 
selected because of their reported immunological activities in the 
management of chronic diseases including cancer [6], diabetes 
[7], heart disease, and other disorders [8].

One of the bioactive ingredients in medicinal mushroom that 
relate to the multi-directional immunomodulation is now known 
to be “Beta-glucan”. Beta-glucans are polysaccharides found in 
mushrooms that are known as “biological response modifiers” 
because of their ability to activate the immune system [9]. 
It has been documented that bioactive polysaccharides or 
polysaccharide–protein complexes from medicinal mushrooms 
enhance innate and cell-mediated immune responses and exhibit 
antitumor activities in humans [10]. Several of the mushroom 
polysaccharide compounds have been preceded through phases 
I, II, and III clinical trials and are currently used extensively in Asia 
to treat various cancers and other diseases [11].

This review aims to examine the evidence of the clinical trials 
of two medicinal mushrooms namely Coriolus versicolor 
and Ganoderma lucidum. The focus is how these medicinal 
mushrooms affect various immunological populations. Results 
of three selected TCM herbs that are commonly used in cancer 
management for immunoregulation have also been tabulated in 
this review for comparison. These herbs are Cordyceps sinensis, 
Astragalus membranaceus, and Eleutherococcus senticosus.

Searching strategy of literature databases
The methodology searching was based on published articles 
between 1985 and August 2015 that were listed in the following 
electronic databases: EMBASE, PubMed, Scopus, and Web 
of Science. The English keywords for searching included: 
“Medicinal mushrooms”; “Traditional Chinese medicine”; 
“TCM”; “immunomodulation”; “cancer”; “carcinoma”; “tumor”; 
“Ganoderma lucidum”; “Coriolus versicolor”; “Trametes 
versicolor”; “Cordyceps sinensis”; “Astragalus membranaceus”; 

“Eleuther ococcus senticosus”; “Siberian ginseng”; “dendritic 
cell”; “NK cell”; “natural killer cell” and “cytokine”. There was no 
other special limitation. In addition, the reference lists of recent 
reviews related to the search terms are examined.

Flowchart Figure 1 represents the searching strategy of the 
review. Abstracts and titles were initially screened for the relevant 
area and followed by full reading of the text. Selection of the final 
15 articles were based on the following four inclusion criteria: 
(1) published as English language articles; (2) provided with full 
text details; (3) published as clinical trial studies; (4) the outcome 
measurement involved immune cells and or related products, 
such as natural killer (NK) cells, T cells, B cells and/or cytokine. 
Animal studies and in vitro studies were excluded.

Results and Discussion
After a thorough searching of the literature with an initial 237 
relevant articles, 222 studies were excluded with final 15 articles 
[12-26] on clinical trial being selected. The measurements of the 
cytokine profile and immune cell subsets data from these papers 
were tabulated and discussed in Table 1.

Coriolus versicolor
Medicinal mushroom Coriolus versicolor also known as Trametes 
versicolor is classified as Basidiomycetes macrofungi class 
consisting of over 22,000 species. It is called “Yun Zhi” in China 
meaning of “cloud-like-mushroom”. Its record of application in 
China can be traced back to The Compendium of Materia Medica 
written by Li Shizhen during the Ming Dynasty with over 120 

Flow diagram for the studies included in the 
systematic review.

Figure 1
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Mushrooms Types Dose/Treatment Findings Model References

(I) 1. Coriolus 
versicolor

PSK (polysaccharide-
krestin, protein-bound 
polysaccharide)

Randomized into a 
control group (n=15) 
and a PSK group 
(n=15)

Randomly assigned 
to 2 weeks’ 
chemoradiotherapy 
CRT and 4 weeks’ 
S-1 administration 
before surgery 
(control group), 
or the same CRT 
with 4 weeks’ PSK 
administration (PSK 
group)

Control group, take 
oral S-1 80 mg/m2/
day divided into 2 
daily doses 

PSK group ,same dose 
of S-1 together with 
PSK 3 g/day divided 
into 3 daily doses, for 
4 weeks

A Cytokines - NA
B Cell subset - significant 

increase (p=0.003) of NK 
cell by 5% in the peripheral 
blood and 
cytotoxic T cell counts 
significant increase 

(p=0.005) by 153% in peri-
tumour

significant increase 
(p=0.003) by 151% in normal 
mucosa

Adenocarcinoma 
of middle or 
lower rectum 
(CT3/CT4) 
patients (30 
patients)

 [13] 

2. Coriolus versicolor PSK (polysaccharide-
krestin)

Patients were 
randomly assigned 
to receive either 
3 g PSK plus 300 
mg tegafur/uracil 
(UFT): (PSK group) 
or 300 mg UFT alone 
(control) orally each 
day for 3 months 
and then for immune 
status assessment

10 patients were 
allocated to the PSK 
group and 11 to the 
control group

A Cytokines – NA
B Cell subset
1. CD 57+ T cells decreased 

significantly(p<0.05)
2. (p>0,05) No significant 

difference for the absolute 
number of Th1 cells (IFN-ɤ-
positive CD4+ T cells), Th2 
cells (IL-4-positive CD4+ T 
cells), Th1/Th2 ratio, NKT 
cells (CD56+ T cells and 
CD57+ T cells), NK cells, and 
CD25+ CD4+ T cells

Stage III gastric 
cancer patients

(21 patients)

 [14] 

3. Trametes 
versicolor 
(Coriolus 
vesicolor) 

Trametes versicolor freeze-
dried mycelia powder

Each capsule contained 
500 mg of product

Each cohort comprised 
of 3 participants 
given one of three 
doses of Trametes 
vesicolor (3 g, 6 g 
or 9 g)

A Cytokines - NA
B Cell subset
1. Increased lymphocyte 

counts at 6 and 9 g/day and 
(p<0.05)

2. Increased NK cell functional 
activity at 6 g/day (p<0.05)

3. Dose-related increases in 
CD8+ T cells and CD19+B 
cells but not CD4+ T cells or 
CD16+ 56+ NK cells (p<0.05)

Breast cancer 
women (11 
participants 
recruited and 
9 women 
completed 
study)

 [15]

Table 1 Effect of medicinal mushrooms or herbs on selected clinical trials.
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(II) 1 Ganoderma 
lucidum Ganopoly (polysaccharide)

1,800 mg Ganopoly, 
3 times daily orally 
before meals for 12 
weeks compared 
with baseline 

Total dose of Ganopoly 
per day (5,400 
mg=270g fruiting 
body of Ganoderma 
lucidum)

A. Cytokine (IL-2, IL-6, IFN-ɤ) 
↑ significant increase (IL-
1, TNF-α) ↓ significant 
decrease (p<0.05)

B. Cell subset 
1. (mean absolute 

no. of CD56+ cells) 
↑ and significant 
increase(p<0.05)

2. (mean absolute no. of 
CD3+, CD4+ and CD8+) 
(p<0.05)marginal ↑ and

3. (Total PBL count and the 
CD4:CD8 T cell ratios) little 
or no significant effect

4. (NK cell activity ↑ (34.5% 
compared with 26.6% 
at baseline) significant 
increase (p<0.05)

Advanced-stage 
cancer patients 
(with cancer 
origin from 
lung, colon, 
breast, liver, 
prostate, 
bladder, brain 
and unknown) 
(34 patients 
included but 
only 30 patients 
assessed 
for immune 
function after 
12 weeks)

 [16] 

2 Ganoderma 
lucidum

Ganoderma lucidum 
polysaccharides Ganopoly

A randomized, 
double-blind, 
placebo-controlled, 
multicenter clinical 
trial.

12 weeks of treatment 
with oral Ganopoly 
or placebo at a dose 
of 3 capsules (600 
mg × 3=1,800 mg) 
3 times daily before 
meal.

A capsule of 
Ganopoly (150 mg 
polysaccharides)=30 
g fruiting body of 
Ganoderma lucidum 
or total dose of 
5,400 mg/day of 
Ganopoly=270 g/day 
fruiting body.

A. Cytokine - NA
B. Cell subset

1. (Lymphocyte mitogenic 
reactivity to concanavalin 
A significant increase) ↑

2. CD3 % significant increase 
and ↑

3. NK cell activity significant 
increase↑ and

4. CD4 % and CD4:CD8 ratio 
marginal increase↑ and

5. CD8 marginal reduction 
↓ and

Advanced-stage 
(stage III to IV) 
lung cancer 
patients (68 
cancer patients 
recruited and 
only 32 patients 
assessable)

 [17] 

3 Ganoderma 
lucidum Ganoderma lucidum extract

Double-blinded, 
placebo-controlled, 
cross-over 
intervention 
study for 4 weeks 
supplement with 
encapsulated 
Ganoderma lucidum 
preparation (1.44 
g/day Ganoderma 
lucidum; equivalent 
to 13.2 g/day fresh 
mushroom per day).

A. Cytokines-Not done
B. Cell subset (CD4:CD8 ratio) 

no statistical significant 
change

Healthy human 
subjects (18 
healthy adults 
aged 22-52 
years) 

 [12] 
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4 Ganoderma 
lucidum

Water-soluble Ganoderma 
lucidum polysaccharides

A non-randomized 
open-labeled study.

1,800 mg 3 times 
daily=5.4 g/day 
orally before meals 
for 12 weeks.

Each capsule contained 
600 mg crude extract 
of Ganoderma 
lucidum, with 
25% (w/w) crude 
polysaccharides.

Total dose of 
Ganoderma lucidum 
per day (5,400 
mg)=81 g fruiting 
body.

A. Cytokines 
IL-2, IL-6 and IFN-ɤ 
increased but no statistical 
significance whereas 
IL-1 and TNF-α were 
decreased but no statistical 
significance. 

B. Cell subset 
CD3, CD4, CD8, CD56 
Non-significant change 

in the absolute number of 
lymphocytes and NK activity 
(p>0.05)

Advanced-stage 
(Stage III to 
IV) colorectal 
cancer patients 
(47 patients 
enrolled with 
41 patients 
assessable)

 [18] 

5 Ganoderma 
lucidum

Ganoderma lucidum extract 
contained 1.89% of 
terpenoids and 15.8% of 
polysaccharides

A double-blind 
randomized placebo-
controlled trial 

2 g of the extract or 
placebo twice daily 
for 10 consecutive 
days

Oral doses of 
Ganoderma lucidum 
extract or placebo (4 
capsules each time)

A Cytokines-NA
B Cell subset

1. No changes in CD4, CD8 
and CD19

2. No significant change in 
CD56+ NK cell number

Human Normal 
subjects (16 
volunteers with 
8 males and 8 
non-pregnant 
females)

 [19] 

6 Ganoderma 
lucidum capsules

The capsules (Green Valley 
Ganoderma lucidum 
capsule) contain total 
extract isolated from the 
fruiting body of Ganoderma 
lucidum (Leyss. ex Fr.) Karst. 
by boiling water and pure 
pores.

The ratio of total extract 
with spores is 70%:20% in 
G lucidum capsules. The 
main active component is 
polysaccharides with a ratio 
of more than 10% for the 
capsules.

40 male football 
players were 
randomly assigned 
to 4 groups: control 
(living at sea level), 
LHTL1, LHTL2 and 
LHTL3. The three 
LHTL groups had 
stayed in normobaric 
hypoxic rooms for 
28 days. The four 
groups trained 
together at sea 
level. LHTL1, LHTL2 
and LHTL3 groups 
were provided with 
placebo, Ganoderma 
lucidum.

10 capsules=2.5 g/
day and Ganoderma 
lucidum 20 
capsules=5.0 g/
day, respectively, 
for 6 weeks (2 
weeks baseline 
supplementation 
followed by 28 days 
of the treatment 
protocol).

A Cytokines - NA
B Cell subset
 No significant difference 

in number of T cells in 
different groups

Male football 
players (40 
males assigned 
into 4 groups)
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7 Ganoderma 
lucidum 

Spore powder including 
polysaccharides, 
triterpenoids, alkaloids, 
enzymes, and proteins

A randomized, placebo 
controlled trial

Spore powder of 
Ganoderma lucidum 
1,000 mg 3 times a 
day for 4 weeks

A. Cytokines 
TNF-α and IL-6 were 
significantly lower 
Mean serum TNF-α pre- 
and post-treatment in 
experimental group were 
128.70 pg/mL and 71.89 
pg/mL 
Mean serum IL-6 pre- 
and post-treatment in 
experimental group were 
62.43 pg/mL and 37.62 pg/
mL

B. Cell subset – NA

Breast cancer 
(stage I-IIIA) 
patients 
(48 cancer 
patients)

 8. Ganoderma 
lucidum 

A randomized, double-
blind, cross-over 
trial with placebo-
controlled run-in and 
cross-over periods.

Treatment of 12 weeks 
each on Ganoderma 
lucidum treatment or 
placebo, 2 capsules 
twice daily.

The dosage=1·44 
g Ganoderma 
lucidum extract/
day taken with 
two capsules (each 
capsule contains 360 
mg extract) twice 
daily=13·2 g of the 
fresh mushroom.

A. Cytokines – NA
B. Cell subset 

No significant difference on 
B-lymphocytes and T helper 
cell counts and percentages 
for the treatment group. 
Co

Hypertension and 
or dyslipidemia 
patients (26 
patients 
recruited 
with final 23 
evaluable 
subjects)

 [22] 

(I) Cordyceps sinensis Cordyceps sinensis with low 
dose of cyclosporin A

A. Cytokine 
No significant difference in 
IL-2 in the two groups. 
IL-10 in the treatment group 
was significantly (p<0.05) 
higher than that in control 
group.

B. Cell subset – NA

Renal transplant 
patients  [23] 

(I) Astragalus 
membranaceus 
polysaccharide

Injection of astragalus extract 
(AI) 

AI 20 ml was added 
into 250 ml of 5% 
glucose solution 
given through 
intravenous dripping.

Randomly assigned 
into conventional 
group and the 
treated group. 
Patients in the 
conventional 
group were given 
conventional 
treatment, while 
patients in the 
treated group were 
given conventional 
treatment and AI.

Measurement on the 
1st and 14th day

A. Cytokine - NA
B. Cell subset 

CD3+, CD4+, CD4+/CD8+, 
CD16+, CD69+ of the treated 
group, higher than those 
of conventional group 
(P<0.05); CD8+ lower than 
that of conventional group 
(P<0.05).

36 Abdominal 
trauma patients [24] 
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(I) 1. 
Eleutherococcus 
senticosus

Treatment group received 10 
ml of ethanolic (vincamine 
free)

Eleutherococcus 
senticosus preparation, 3 
times daily for 4 weeks, in 
comparison with placebo 
ethanolic group

Placebo-
controlled, double-
blinded study

A. Cytokine – NA
B. Cell subset 

Significant increase in 
absolute number of total 
lymphocyte (p<0.0001) 
Pronounced effect on 
T-helper (p<0.00001) 
and T-suppressor cells 
(p<0,0001), NK cells 
(p<0.01) and B-lymphocyte 
(p<0.05)

(36 healthy 
subjects)  [25] 

2. Eleutherococcus 
senticosus

33% ethanolic extract (8 mL/
day) containing either ES, 
PG (equivalent to 4 g/day 
and 2 g/day of dried root

A. Cytokine - NA
B. Cell subset
 No significant change for 

total T cells, T helper cells 
(CD4), T suppressor cells 
(CD8), CD4 to CD8 ratio, NK 
cells, and B lymphocytes

Endurance 
athletes  [26] 

CD: Cluster of differentiation; ES: Eleutherococcus senticosus; IFN: Interferon; IL: Interleukin; NA: Not applicable; NK: Natural killer; PBL: Peripheral 
blood lymphocytes; PG: Panax ginseng; TNF: Tumor necrosis factor.

strains. There are two well-known commercial preparations of 
polysaccharide of Coriolus versicolor -- polysaccharide peptide 
(PSP, produced in China) and polysaccharide Krestin (PSK, 
produced in Japan).

Coriolus versicolor has been extensively investigated in phase I, II 
and III randomized clinical trials in esophageal, breast, colorectal 
and stomach cancer patients in Asia [27]. Since 1970, many large 
scale clinical research studies have been conducted mainly in 
Japan. Among the 35 randomized controlled trials on Coriolus 
versicolor conducted in Asia, more than half of these were of 
gastric cancer (n=19) and with 13,498 patients participated [28-
45]. A quarter of the studies were of colorectal cancer (n=9) and 
with 2,194 patients involved [29,46-54]. Only a few clinical trials 
on esophageal (n=3) [55-57] and breast cancer (n=4) [58-61] with 
532 patients and 2,217 patients respectively.

Most of the above-mentioned clinical research studies focus 
on the adjuvant therapy of Coriolus versicolor in combination 
with conventional drug on disease-free survival and overall 
survival rates. The adjuvant chemotherapy improved the 15-
year survival rate for patients following curative resection. The 
overall survival durations for cancer patients have been shown to 
be significantly longer with Coriolus versicolor as the supplement 
for chemotherapy. These reviews concluded that PSK exert 
definite beneficial effects on esophageal, breast, colorectal and 
stomach cancer patients [32,46,59,62]. However, these reviews 
did not describe the effects on immunological markers profiles. 
A review of the original clinical trial research papers mentioned 
in the above-mentioned meta-analysis articles revealed some 
useful papers that have documented the patients’ immunological 
changes accompanying the improvement of the tumor responses 
and overall patients’ survival.

One of the key immunological effects of Coriolus versicolor is 
activation of blood NK cells. For instance, the group of Sadahiro 
et al. conducted a randomized trial of 30 cancer patients with 
adenocarcinoma of middle or lower rectum (CT3/CT4). Patients 
were randomized into the control group (n=15) and the PSK 
(Polysaccharide-Krestin, protein-bound polysaccharide) group 

(n=15). Both groups received two weeks’ chemoradiotherapy 
and four weeks’ S-1 administration (Taiho Pharmaceutical Co., 
Japan) 80 mg/m2/day divided into two daily doses before surgery 
(control group). The PSK group was treated the same chemo 
radiotherapy with simultaneous four weeks’ PSK administration 
PSK (Kureha Corporation, Japan) 3 g/day divided into three daily 
doses, for four weeks. It was found that PSK group has a significant 
increase of NK cells by 5% in the peripheral blood (P=0.003) [13]. 
Furthermore, CD8 cytotoxic T cell counts increased by 153% 
(P=0.005) and 151% in the peri-tumoral and normal mucosa 
(p=0.003) respectively. The researchers therefore concluded that 
PSK may upregulate both the innate and humoral responses.

Another immune cell type that PSK has shown to have regulatory 
effect is a T cell subset of that expresses the NK marker CD57. The 
significance of these CD57+ T cells has been shown in an initial 
study of 48 patients with advanced-stage gastric carcinoma (stage 
III-IV, n2, and T3-4) such that patients with a higher proportion 
of CD57+ T cells (≥ 18%) was associated with poorer survival 
compared with the group of lower CD57+ T cells (<18%) (p=0.046) 
[63]. The researchers proposed that in patients with advanced 
carcinomas (stage III-IV), but not the early cancer stages (stage 
I-II), the proportion of CD57+ T cells was able to predict patients 
with a poorer prognosis. Akagi and Baba [14] then reported a 
clinical trial with 21 patients randomly assigned to receive either 
3 g PSK plus 300 mg tegafur/uracil (PSK group) or 300 mg tegafur/
uracil alone (control) orally each day for at least 1 year after 
operation. The 3-year overall survival was 62.2% in the PSK group 
and 12.5% in the control group. This survival advantage in the 
PSK group was correlated with decreased CD57+ T cells decreased 
compared to the control (p<0.0486).

Not all reported studies in Coriolus versicolor used the processed 
PSK products. Torkelson et al. [15] launched a phase 1 clinical 
trial of Coriolus versicolor in 11 women with breast cancer 
by oral treatment of Coriolus versicolor freeze-dried mycelial 
powder. Each capsule contained 500 mg of product with each 
cohort comprised of three participants given one of three doses 
of Coriolus vesicolor (3, 6 or 9 g). For the 9 women completed 
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meals for 12 weeks. In this study, 47 patients of advanced-stage 
III to IV colorectal cancer were recruited but only 41 patients 
assessable in the final measurement. For serum cytokine study, 
there was a trend of increase of cytokines of IL-2, IL-6 and IFN-ɤ 
by 0.2%, 6.3% and 8.8% but did not reach statistical significance. 
There was also a trend of IL-1 and TNF-α decrease by 9.6% and 
8.7% but again with no statistical significance. In the same study, 
the number of CD3, CD4, CD8 and CD56 lymphocytes also showed 
a trend of increase. Similarly the NK cells activity was found to be 
increased but did not achieve statistical significance. This reflects 
the requirement of bigger numbers of the patient pool in the 
immunological studies to overcome the diverse difference in the 
baseline values of various immunological parameters and diverse 
responses to the specific herbal medicines.

Zhang et al. [20] conducted a study on 40 male football players. 
Three groups labeled as LHTL1, LHTL2 and LHTL3 groups were 
provided with placebo, Ganoderma lucidum ten capsules (2.5 
g/day) and Ganoderma lucidum 20 capsules (5 g/day) for six 
weeks (two weeks baseline supplementation followed by 28 
days of the treatment protocol). These Ganoderma lucidum 
capsules contained total extract isolated from the fruiting body 
of Ganoderma lucidum by boiling water and mixed with pure 
pores at a ratio of 7:2. LHTL3 group (5 g/day) was found increased 
significantly the percentage of CD3+, CD4+ cells compared with 
the LHTL1 placebo group.

Zhao et al. [21] investigated the effects of spore powder of 
Ganoderma lucidum containing polysaccharides, triterpenoids, 
alkaloids, enzymes and proteins at 1,000 mg three times a day for 
four weeks on breast cancer patients by a randomized, placebo 
controlled trial. 48 breast cancer patients of stage I to IIIA were 
selected for the study. Cytokine levels of TNF-α and IL-6 were 
found to be significantly lowered. The mean serum TNF-α levels at 
pre- and post-treatment in the Ganoderma group were detected 
as 128.7 pg/mL and 71.9 pg/mL respectively. Similarly, the mean 
serum levels of IL-6 pre- and post-treatment in the Ganoderma 
group were found to be 62.4 pg/mL and 37.6 pg/mL respectively.

A randomized, double-blind, cross-over trial with placebo-
controlled run-in and cross-over periods on 26 patients with 
hypertension and or dyslipidemia was conducted by Chu et al. 
[22]. Treatment of 12 weeks was each on Ganoderma lucidum 
treatment or on matching placebo. The dosage was 1.44 g 
Ganoderma lucidum extract taken with two capsules (each capsule 
contains 360 mg extract) twice daily, which was equivalent to 13.2 
g of the fresh mushroom (recommended dose of Ganoderma 
lucidum in the Chinese Materia Medica of 11.25-18.75 g of fresh 
material). In this study, 26 patients with hypertension and or 
dyslipidemia were recruited with final 23 evaluable subjects. 
Both the cell counts and percentages of the B lymphocytes and T 
helper cell were found decreased during the Ganoderma lucidum 
treatment but the changes were not significantly different from 
those of the placebo treatment.

Wachtel-Galor et al. conducted a double-blinded, placebo-
controlled and cross-over intervention study on 18 healthy 
subjects of aged 22-52 years were enrolled for four weeks 
supplementation with a commercially available encapsulated 
Ganoderma lucidum preparation (1.44 g Ganoderma lucidum per 

study, lymphocyte counts were observed to increase at 6 g/day 
and 9 g/day. NK cell functional activity measured by the number 
of effector cells (NK) required to achieve 20% specific lyses on the 
target cells (K562) was found to increase at 6 g/day. Dose-related 
increases in CD8+ T cells and CD19+ B cells but not CD4+ T cells 
or CD16+56+ NK cells were also reported. It is to be noted that 
with such small number of patients participated in the study, the 
results were not statistically significant.

In summary, the use of Coriolus versicolor, in either the processed 
form of PSK or the freeze dried mycelial powder of the medicinal 
mushroom has shown to be related to increase of both the 
numbers and functional activities of the blood NK cells.

Ganoderma lucidum
Clinical trials on the medicinal mushroom Ganoderma lucidum 
have been conducted on healthy subjects and cancer patients 
using extracts from the spores or fruiting bodies or a combination 
of these. A few reports have used Ganopoly which is the aqueous 
polysaccharides fraction extracted from Ganoderma lucidum. 
It was prepared from the fruiting bodies of wood-cultured 
Ganoderma lucidum which were collected from southern China. 
The polysaccharides were consisted of 61.2% glucose, 15.5% 
xylose, 14.4% fructose, 4.8% galactose and 4.1% rhamnose and 
were linked together by β-glycosidic linkages. The concentration 
of proteins was 0.35% [64]. The polysaccharide extracts were 
dark red powder packed as capsules by Alpha Pharmaceuticals 
of New Zealand according to GMP standard. The total dose is 
equivalent to 270 g fruiting body of Ganoderma lucidum. 

Two clinical trials have been reported using this Ganopoly extract. 
The first clinical trial. was a non-randomized, non-placebo trial 
comparing with baseline treatment of 1,800 mg Ganopoly, three 
times daily orally before meals for 12 weeks on 34 advanced-stage 
cancer patients with diverse cancer origins including lung, colon, 
breast, liver, prostate, bladder, and brain [16]. Examination of the 
serum cytokines of 30 patients assessed for immune function 
after 12 weeks revealed significant increased IL-2, IL-6 and IFN-ɤ 
and also significant decreased IL-1 and TNF-α levels. The mean 
absolute number of CD56+ cells and NK cell activity were also 
significantly increased.

Another follow-up randomized, double-blind, placebo-controlled, 
multi-centre clinical trial from the same research group focusing 
on advanced-stage III to IV lung cancer patients applied the same 
protocol of 12 weeks of treatment with the same oral Ganopoly 
or placebo at a dose of three capsules (600 mg × 3=1800 mg) 3 
times daily before meal [17]. Total dose of 5,400 mg of Ganopoly 
per day was equivalent to 270 g fruiting body of Ganoderma 
lucidum. In this study, 68 lung cancer patients of were recruited 
and randomized into Ganopoly group of 37 patients and placebo 
group of 31 patients. For the Ganopoly treatment group of 32 
patients assessable at the end of 12 weeks treatment, CD3 
percentage and NK cell activity were significantly increased 
whereas the other parameters were no significant changes 
[17]. Chen et al. [18] initiated a non-randomized open-labeled 
study on oral treatment of water-soluble Ganoderma lucidum 
polysaccharides with 1,800 mg three times daily of Ganoderma 
lucidum 5,400 mg/day was equivalent to 81 g fruiting body before 
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day equivalent to 13.2 g fresh mushroom per day) [12]. The mean 
CD4:CD8 ratio for the placebo group was 1.6 on Day 1 and 1.5 on 
Day 29 whereas that for the Ganoderma lucidum group was 1.5 on 
Day 1 and 1.6 on Day 29. As the mean CD4:CD8 ratio was more or 
less the same between the Ganoderma lucidum treatment group 
and placebo group, it led to achieving no statistical significance. 
Both the innate and humoral responses were not enhanced in 
these healthy subjects.

A double-blind randomized placebo-controlled trial on 16 cancer 
patients was led by Wicks et al. [19] in 2007. In this study, 2 g of 
the Ganoderma lucidum extract contained 1.89% of terpenoids 
and 15.8% of polysaccharides or placebo treatment twice daily for 
ten consecutive days. Oral doses of Ganoderma lucidum extract 
or placebo were four capsules each time. 16 normal subjects with 
eight male and eight non-pregnant female were also included in 
the study. A short-term increase of CD56 NK cells that sustained 
for only ten days after intake of Ganoderma lucidum extract 
was found. The CD4, CD8, CD19 cell counts were demonstrated 
with no obvious change. All these results were not statistically 
significant.

In summary for Ganoderma lucidum immunological effect, both 
the NK cell number and activity were significantly increased. The 
levels of serum cytokines of IL-2, IL-6 and IFN-ɤ were found to 
be significantly increased. It is to be noted that these cytokines 
can stimulate in turn an array of immunological important cell 
types of T cells, B cells and dendritic cells. On the other hand, 
the inflammatory cytokines of IL-1 and TNF-α were found to be 
significantly decreased with the use of Ganoderma lucidum.

Cordyceps sinensis
Ding et al. [23] investigated the efficacy of Cordyceps sinensis 
(CS) in long term treatment of renal transplant patients. The 
renal function and survival rates of grafts and patients did not 
show significantly difference between the control group and 
the treatment group. However, the incidences of complications 
were significantly lower in the treatment group compared with 
that in control group with the exception of those showing acute 
rejection. It was reported that the serum level of IL-10 in the 
treatment group was significantly higher than that in control 
group. However, there was no significant difference in the serum 
level of IL-2 in these two groups. These data demonstrated that 
CS might be used in combination with a low dose of CsA in the 
long term treatment of kidney transplant patients. This result was 
agreed by another evidence-based systematic review stating that 
Ding’s group finding of Cordyceps in combination with low dose 
of cyclosporin A is effective as an immunosuppressant agent in 
the treatment of renal transplant patients [65].

Astragalus membranaceus
An injection of astragalus extract called Milkvetch Injection 
(MI) was found to be useful at significantly improving immune 
function in children after major surgery to correct tetralogy of 
Fallot compared to standard treatment [66]. This study was to 
evaluate the effect of MI on immune function of children with 
tetralogy of Fallot after radical operation. In this study, 40 young 
patients were equally divided into two groups of 20. The control 
group was treated with conventional treatment alone and the 

other group received both conventional treatment and 15 ml of 
MI every 12 hours for 14 days.

In the MI-treated group, the abnormally increased levels of 
IgG, IgM, C3, C4, CD8+ cells and CD19+ cells began to lower at 
lst-2nd week after treatment, and basically restored to the levels 
of normal at the 3rd-4th week. In the same patient group, the 
original decreased levels of IgA, CD3+ cells, CD4+ cells, CD4+/
CD8+ ratio, CD3+/HLA-DR+ cells and CD16+CD56+ cells at base 
line raised gradually from the 1st week and restored to normal 
range at 2nd-3rd week. The plasma IL-6 and tumor necrosis factor-
alpha (TNF-α) levels in the same MI-treated group were found to 
decrease gradually at the 1st week and restored to the normal 
level at the 3rd-4th weeks (p<0.05).

This same injection of Astragalus extract was reported to help 
restoring normal cellular immunity in patients who had suffered 
major abdominal trauma according to a clinical trial lead by Wu 
et al. in China [24]. A total of 36 serious abdominal traumatic 
patients were randomly assigned into two groups, the control 
group and the MI-treated group, patients in the control group 
were given conventional treatment, while others in the treated 
group were given conventional treatment plus MI 20 mL injection 
mixed in 250 mL of 5% glucose solution given through intravenous 
dripping. T cell activated antigens of these two groups together 
with 10 healthy subjects were simultaneously monitored on the 
first day and the 14th day. On the first day, in the control group and 
MI-treated group, the cell counts of cells expressing the surface 
markers of CD3+, CD4+, CD4+/CD8+, CD16+, CD69+ and CD3+/
human HLA-DR+ were apparently lower than the healthy subjects 
(p<0.05), and there was no significant difference between the 
conventional group and the treated group (P>0.05). Then on 
the 14th days, the cell numbers of CD3+, CD4+, CD4+/CD8+, CD16+, 
CD69+ and CD3+/HLA-DR+ of the MI-treated group got closed to 
healthy subject value, and higher than those of conventional 
group (P<0.05). The researchers concluded that MI can enhance 
the cellular immunity aspect and confirmed the findings with 
further immunological and anti-tumor studies in vitro and in vivo 
[67,68].

Eleutherococcus senticosus
A placebo-controlled, double-blinded study was conducted 
by Bohn et al. [25] to investigate the immunological effects 
of an Eleutherococcus senticosus ethanolic extract (Eleukokk) 
in 36 healthy volunteers. The treatment group received 10 mL 
of Eleukokk, three times daily for four weeks, whereas for the 
placebo, the Eleutherococcus senticosus extract was substituted 
by additional wine, resulting in identical final concentrations 
of ethanol in both preparations. There was an increase of total 
lymphocyte (p<0.0001), in particularly the CD4+ T helper cells 
(p<0.00001), but also on CD8+ T suppressor cells (P<0.0001), and 
CD19+ B cells (p<0.05) compared with placebo. However, there 
was no significant difference in the change of NK cells. 

Gaffney et al. [26] initiated a clinical trial was undertaken to 
investigate the effects of Eleutherococcus senticosus and Panax 
ginseng on competitive club-level endurance athletes engaged 
in their normal in-season training. Participants were matched 
for training stress and received a 33% ethanolic extract (8 mL/
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day) containing either Eleutherococcus senticosus, Panax ginseng 
(equivalent to 4 g and 2 g/day of dried root, respectively), or a 
placebo. A pre-test and post-test were used to evaluate the 
effects of six weeks of supplementation on cortisol, testosterone, 
and testosterone to cortisol ratio well as circulating numbers of 
total T cells, CD4+ T helper cells, CD8+ T suppressor cells, CD4/
CD8 ratio, CD16+CD56+NK cells, and CD19+ B cells. None of the 
immune system variables changed significantly nor showed any 
clear trend from pre- to post-test in any of the treatment groups. 
The only significant result was that for the Eleutherococcus 
group there was a decrease of the testosterone to cortisol ratio 
by 29% from 0.047 to 0.033. However, this study suffered from 
the drawback of incapable to distinguish the individual effect of 
Eleutherococcus senticosus and Panax ginseng.

Conclusions
In this review of the two mushrooms Coriolus versicolor and 
Ganoderma lucidum, the promising clinical effects are found 
to be related to a concurrent activation of some immune cell 
populations in particularly the NK cells. NK cell population can 

be regarded as the most important cell type for our innate 
immunity for the first line of defense against disease [69,70]. 
The major subset of (90%) the NK cells are equipped with strong 
cytolytic activities against target cells [71]. However before these 
medicinal mushrooms can be considered as suitable future 
target therapeutic agents, more high-quality, long-term double-
blinded, placebo-controlled studies with large trial populations 
are definitely required.

This review also identified a clear research gap of the lack of 
laboratory investigation of the major immune cell population 
of Dendritic Cell (DC). DCs are competent professional antigen 
presenting cell to present the target antigens by first priming 
the naïve T cells [72,73] to initiate both the antigen-specific B 
and T cell responses. Essentially the DC, B cells and T cells as a 
triad constitutes the adaptive immunity. Furthermore, there are 
at least 5 different DC subsets in human blood [73]. Therefore 
future clinical trials of these potentially clinical useful medicinal 
mushrooms and herbs should also focus at the blood DC and its 
various subsets in blood to provide a more comprehensive multi-
directional network of mechanisms of action.
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