
Arch Clin Biomed Res 2021; 5 (2): 262-284          DOI: 10.26502/acbr.50170163 

 

Archives of Clinical and Biomedical Research  Vol. 5 No. 2 – April 2021. [ISSN 2572-9292].                                262 

 

Research Article  

Huaier Inhibits Cancer Progression Correlated with the Mutated 

EGFR and Other Receptor Tyrosine Kinases (c-MET/erbB-2) by 

Down-Regulation of Multiple Signal Transduction Pathways 

 

Manami Tanaka1*, Tomoo Tanaka1, Fei Teng2, Hong Lin3, Ning Li3, Zhu Luo3, Ding Wei4, 

and Zhengxin Lu5 

 

1Bradeion Institute of Medical Sciences, Co., Ltd., Itado 433-1, Isehara, Kanagawa 259-1145, Japan.  

2BGI-Shenzhen, Building NO.7, BGI Park, No.21 Hongan 3rd Street, Yantian District, Shenzhen 518083, China 

3BGI-Japan, Kobe KIMEC Center BLDG. 8F 1-5-2 Minatojima-minamimachi, Chuo-ku, Kobe 650-0047 Japan. 

4Japan Kampo NewMedicine, Co., Ltd. , 2-8-10 Kayaba-Cho, Chuo-Ku, Tokyo 103−0025, Japan. 

5QiDong Gaitianli Medicines Co., Ltd., No.88, Heping South Road, Qidong, Jiangsu Province, China. 

 

*Corresponding author: Manami Tanaka, Bradeion Institute of Medical Sciences, Co., Ltd., Itado 433-1, Isehara, 

Kanagawa 259-1145, Japan, Tel and Fax: +81-463-58-0952 

 

Received: 30 March 2021; Accepted: 08 April 2021; Published: 15 April 2021  

 

Citation: Manami Tanaka, Tomoo Tanaka, Fei Teng, Hong Lin, Ning Li, Zhu Luo, Ding Wei, and Zhengxin Lu. 

Huaier Inhibits Cancer Progression Correlated with the Mutated EGFR and Other Receptor Tyrosine Kinases (c-

MET/erbB-2) by Down-Regulation of Multiple Signal Transduction Pathways. Archives of Clinical and Biomedical 

Research 5 (2021): 262-284.  

 

Abstract 

Background: Clinical significance of anti-cancer 

effects of Huaier (Trametes robiniophila murr) has 

been emphasized recently [1-3]. We have already 

reported the successful Huaier therapy based on the 

individual genomic potential and miRNA-mediated 

transcription control [4-7]. In prostate cancer, Huaier 

also proved to have a significant efficacy on the 

prevention of cancer progression [6]. 

 

Objective: We have been initiating clinical research 

for thorough understanding of molecular basis of 

Huaier effects, which contributes to define the 

responsible molecules and biosystems not only for 

http://www.fortunejournals.com/
http://www.fortunejournals.com/archives-of-clinical-and-biomedical-research-home-acbr.php
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cancer recovery, but also for prevention of cancer 

progression and tumorigenesis. 

 

Methods: The peripheral blood samples from the 

volunteer patients were analyzed by total RNA and 

non-coding small RNA sequencing on BGISEQ-500 

Platform [8, 9]. KEGG pathway classification was 

hired for the analysis of the obtained information in 

the present study (https://www.genome.jp/kegg/) [10]. 

 

Results: In the present study, we focused on the 

patient and her family correlated with the mutated 

EGFR [11] and other receptor tyrosine kinases (c-

MET [12-14]/erbB-2 [15, 16]). At first, high ratio of 

SNP variants as A-G transitions (241,896 in total, 

37.0%) and A-C transversions (43,213 in total, 6.5 %), 

with skipped-exon (51%), which influenced 

significant changes in transcriptional factors and 

corresponding gene expression in multiple signal 

transduction pathways. The ratio of alteration ranged 

from 10% to 30% of total number of transcripts, 

detected as a drastic down-regulation by Huaier 

administration. Although the patient was diagnosed as 

benign meningioma, there were no genomic alteration 

in RNA polymerase II and its subunits [17], but only 

quantitative down-regulation in the attached 

transcriptional factors were observed. Additional to 

the massive down-regulation in the multiple signaling 

pathways, we identified additional modifications in 

neural systems and protein/hormone signal transfer by 

genetic changes in neural transmitters SLC6A4 solute 

carrier family 6 member 4 [18], and PRNP (prion 

protein); CD230 [19]. These alterations were 

hereditary, familial events. Overall drastic 

modifications in signal transduction contributed to 

compensate the defected function by the mutation of 

EGFR and other receptor tyrosine kinases, related to 

all the basic mechanisms controlling cell growth, 

proliferation, metabolism and many other processes 

regulating a wide variety of cell communications. 

Huaier seemed to take part in the epigenetic post-

transcriptional control for the prevention in 

carcinogenesis and tumorigenesis for whole family 

members. 

 

Conclusion: The present study provided valuable 

example for compensation of defecting function by 

mutated EGFR and receptor tyrosine kinases. We 

identified hereditary gene expression alterations in 

EGFR (erbB1), c-MET, HER2/neu (erbB2), together 

with SLC6A4 solute carrier family 6 member 4 (Htt), 

and PRNP (prion protein); CD230, in the benign 

meningioma patient. These mutations were hereditary 

among family members. Huaier administration 

contributed the rescue of defected cell communication 

systems by massive down-regulation in a wide variety 

of signal transferring pathways. The mutation in 

transcripts remained even after 2 years of treatment. 

There are scarce medicine or candidate compounds for 

mutated EGFR and receptor tyrosine kinases yet, and 

Huaier is the one successful candidate to prevent 

carcinogenesis, tumorigenesis, and the other severe 

health problems correlated with the multiple mutations 

in those tyrosine kinase regulation systems. The 

epigenetic post-transcriptional regulation would 

decide the pathogenicity with hereditary mutations in 

these transcripts. 

 

Keywords: Huaier (Trametes robiniophila murr); 

Cancer therapy; EGFR: Epidermal growth factor 

receptor (ErbB-1, HER1 in humans); c-MET: 

Tyrosine-protein kinase Met or hepatocyte growth 

factor receptor (HGFR); HER2/neu: Receptor 

tyrosine-protein kinase erbB-2, former CD340) 

 

 

https://www.genome.jp/kegg/
https://en.wikipedia.org/wiki/Cell_growth
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1. Introduction 

Recent proceedings of Huaier effects proved 

significant anti-cancer efficacy even on the advanced 

severe cases including pancreas adenocarcinoma with 

multiple metastasis, and more importantly, on the 

prevention of prostate cancer progression [7]. Since 

the prominent potential on the recovery from 

hepatocellular carcinoma and breast cancer [1-3], it is 

not surprising to observe Huaier efficacy on many 

other cancers. 

 

After we succeeded to prove the molecular basis of 

anti-cancer effects of Huaier by a simple method using 

Drosophila mutants [4], we initiated clinical research 

total RNA and small non-coding RNA analysis to 

confirm the reality of significance of Huaier treatment 

on cancer [5-7]. The results provided the massive 

alteration and modification of the transcripts by up- 

and down-regulation, based on the miRNA-mediated 

transcriptional control [5-7].  

 

We have identified significant high-responders to 

Huaier treatment, and the present study specifically 

focused on the patient diagnosed benign meningioma, 

one of the top high-responders. We did not identify the 

apparent reason why benign tumor required as such 

quantitative alterations to recover (patient No. 10 in 

the previous report [5]). By systematic search for the 

possible changes to cause the changes up to 30% of all 

the transcripts, we identified alterations in EGFR 

(erbB1) [11], c-MET [12-14], HER2/neu (erbB2) [15, 

16], and also in neurotransmitter SLC6A4 solute 

carrier family 6 member 4 (Htt) [17], and PRNP (prion 

protein); CD230 [18]. Although dysfunctions in EGFR 

and receptor tyrosine kinases have been reported as the 

cause of many severe health problems including 

cancers [11-16], there has not yet effective 

therapeutics without severe toxicity.  

 

In addition, these alterations were identified among 

the patient family, who have no health problems for 

over 70 years of their lives (the parents). It is 

speculated that only multiple genetic alterations were 

not the cause of pathogenicity, something more 

matters to maintain healthy conditions among family 

and, for more tumorigenesis in the patient. 

 

Huaier treatment on meningioma patient was first 

intended to promote repair potential after surgical 

dissection. Together with meningioma, this patient had 

a long history of many sufferings irrelevant each other, 

such as migraine headache, symptoms from hormonal 

discoordination, mild depression, continuous skin 

rashes (occasionally appeared in different places), 

symptoms from accumulated stresses such as hepatic 

dysfunction, sleep disorders. The memory loss was 

often observed, which leads her to a lack of conformity 

to social expectations. About 4 years ago, cranial CT 

and MRI analysis according to the symptoms 

(headache, and visual field defects) detected tumor 

mass (1.5x2.0 cm) in the olfactory groove, and 

diagnosis as benign meningioma was confirmed by 

pathological examination of dissected tissues. Huaier 

administration started just after the tumor detection, 

from 1 month before the endoscopic dissection. Until 

present time, Huaier treatment (20g per day for 2 

years) resulted in 1) swift recovery of the injury by 

surgical operation, and 2) the prevention of the 

recurrence, frequently observed in similar cases in 

Japan.  

 

Recently, more cases of c-MET mutation related non-

small cell adenocarcinoma in lung were reported [12-

14], but even with the advent of novel therapeutic 

agents, it is still difficult to overcome the severity of 

diseases. 
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The data obtained here Huaier provides a clue to 

rescue and compensate the defected functions by those 

multiple mutations controlling cell growth, 

proliferation, metabolism, and many other processes 

regulating a wide variety of cell communications. The 

effects of Huaier influences multiple signal transfer 

pathways, without correction or normalization of 

mutated genes. In addition, the differential 

pathogenicity of those hereditary mutations in family 

member might be linked to the epigenetic post-

transcriptional regulation. 

 

2. Materials and Methods 

2.1 Project Design and patients’ profile 

The present study specifically focussed on Huaier 

effects to the patient with the mutated EGFR [11] and 

other receptor tyrosine kinases (c-MET [12-14]/erbB-

2 [15-16]). This patient appeared as the patient No.10 

in the former paper [5], with her parents joined as 

normal healthy controls (the Patient No. 21/25[5-7] 

and No.34 [7]. 

 

Huaier compounds were provided by the manufacturer 

for this purpose with a strict control on transfer to 

Japan, good condition for maintenance, and provision 

to the patient volunteers, just as the same as the 

previous reports [5-7]. 

 

The present study was strictly conducted according to 

the guidelines of the Declaration of Helsinki and the 

principles of good clinical practice. Written informed 

consent was obtained from the patients. This clinical 

research was applied according to the Consolidated 

Standards of Clinical Research Trials guidelines and 

was applied to the Japanese Medical Association on 

9th February 2018, and approved on 5th March, 2018 

(ID: JMA-IIA00335). The project has been strictly 

conducted with a monthly review by the ethics 

committee consisted by the experts on Medicine, 

Nursing, Laws, Pharmaceutics and Business 

Community (first committee held on 9th February, 

2018).  

 

We used Huaier compounds as complementary 

therapy, without any chemotherapy and radiotherapy 

which disrupt the molecular systems. Only surgical 

operation was allowed if applicable, even in the period 

of during Huaier therapy. We thus planned and 

initiated an open-style, before-after controlled study, 

using peripheral blood as sampling materials to 

understand the almost all molecular events in each 

Huaier taking patient. The sampling materials were 

total blood, the same as reported previously [5-7]. To 

compare with the other sampling, RNA extraction 

using nuclear cell components in peripheral blood 

rapidly reflects the biophysiological changes, and that 

more sensitive to monitor the course of any treatment 

than any other samples such as dissected organs.  

 

2.2 Total RNA and small RNA analysis 

RNA extraction, miRNA library construction, and 

Total RNA- and small non-coding RNA-sequencing 

on the MGISEQ-2000 and BGISEQ-500 platform 

were processed in BGI, Shenzhen, China, as descrived 

previously [5-7]. The subseuent bioinformatics work 

was also processed in BGI, Shenzhen, China. The 

detailed protocols were provided and demonstrated at 

BGI website: http://www.bgitechsolutions.com/. 

  

The identified DEGs (differentially expressed genes) 

and DESs (differentially expressed small RNAs) were 

analyzed between samples and do clustering analysis 

and functional annotations. 

 

With quantitative analysis of DEGs, we performed 

Gene Ontology (GO) classification by three categories 

https://en.wikipedia.org/wiki/Cell_growth
https://en.wikipedia.org/wiki/Metabolism
http://www.bgitechsolutions.com/
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of molecular biological function, cellular component 

and biological process, with a consideration of time 

course of Huaier administration. We also analysed 

every signal transduction pathway by KEGG pathway 

classification [10] (https://www.genome.jp/kegg/). 

Furthermore, we applied the enrichment analysis of 

DEG in KEGG database.  

 

The obtained novel transcripts and small nuclear non-

coding RNA have been deposited to The NCBI GEO 

(GSE157086).  

 

3. Results  

3.1 Molecular Characterization of the patient  

Figure 1-3 summarized the information for general 

understanding of molecular characteristics of the 

patient focused in the present study. Figure 1 

demonstrates SNP and the splice type variants, Figure 

2 demonstrates comparison of Transcription factor 

(TF)-Differentially expressed genes (DEG) network 

with the quantitative alterations in the transcriptomes, 

and Figure 3 summarized miRNA- and piRNA 

contribution to the up- and down-regulation of the 

transcriptomes according to the time course of Huaier 

administration. There was only one siRNA molecule 

up-regulated throughout the observation period.  

 

We identified total 655,188 SNP variant types in 7 

samples from the patient, and 93,598 SNP per sample 

in mean number (ranging from 72,671 to 120,182), 

whereas 22,688 in total among normal healthy 

individuals [19]. As for the SNP variations, A-G 

transitions were the most common mutations (241,896 

in total, 37.0%), and the other C-G changes was A-C 

transversions (43,213 in total, 6.6 %), which showed 

no significant differences among the data in the other 

cancer patients [3] and the data obtained in 

oesophageal squamous carcinoma cells [19, 20] 

(Figure 1). 

 

The summary of splicing variation comparison is also 

shown in Figure 1. DSGs are regulated by alternative 

splicing (AS), which allows the production of a variety 

of different isoforms from one gene only. We detected 

total 200,774 splicing events in 7 samples, and among 

five types, skipped exon (SE) was most prominent 

(51.7%), compared with the other four events; 

alternative 5’ splicing site (A5SS), alternative 3’ 

splicing site (A3SS), mutually exclusive exons 

(MXE), and retained intron (RI). Just like SNP 

variants, the ratio of splicing events showed no 

significant differences among the other cancer patients 

[5].  
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Sample 
Skipped 
exons 

Mutually 
exclusive 

exons Alternative 5' 
splice sites 

Alternative 3' 
splice sites 

Retained 
introns 

Sample A-G C-T Transition A-C A-T C-G G-T Transversion Total 

KS10_1 15,393 2,510 3,235 4,241 5,272 KS10_1 35,699 35,402 71,101 5,956 4,138 7,819 5,866 23,779 94,880 

KS10_2 16,365 2,689 3,370 4,405 5,366 KS10_2 38,584 38,318 76,902 6,626 4,944 8,655 6,490 26,715 1,03,617 

KS10_3 11,826 1,964 2,643 3,435 4,752 KS10_3 27,475 27,433 54,908 5,415 3,927 6,495 5,435 21,272 76,180 

KS10_4 18,428 3,258 3,567 4,255 4,968 KS10_4 44,956 45,029 89,985 7,499 5,837 9,296 7,565 30,197 1,20,182 

KS10_5 12,485 1,949 2,699 3,588 4,715 KS10_5 27,704 27,533 55,237 5,166 3,774 6,673 4,970 20,583 75,820 

KS10_6 12,617 1,958 2,641 3,527 4,624 KS10_6 26,403 26,226 52,629 5,010 3,818 6,341 4,873 20,042 72,671 

KS10_7 16,614 2,678 2,583 3,302 2,852 KS10_7 41,075 40,746 81,821 7,541 5,159 9,987 7,330 30,017 1,11,838 

                

Total 1,03,728 17,006 20,738 26,753 32,549 Total 2,41,896 2,40,687 4,82,583 43,213 31,597 55,266 42,529 1,72,605 6,55,188 

Average 14,818 2,429 2,963 3,822 4,650 Average 34,557 34,384 68,940 6,173 4,514 7,895 6,076 24,658 93,598 

Max 18,428 3,258 3,567 4,405 5,366 Max 44,956 45,029 89,985 7,541 5,837 9,987 7,565 30,197 1,20,182 

Min 11,826 1,949 2,583 3,302 2,852 Min 26,403 26,226 52,629 5,010 3,774 6,341 4,873 20,042 72,671 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: SNP and splice type variants by the time course of Huaier administration. 
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The process of the recovery was clearly shown by the 

TF-DEG network (functional lineage map) in Figure 

2, upper column. Lower right in Figure 2 

demonstrates the quantitative changes in Differentially 

Expression Genes (DEGs) by the time course of 

Huaier administration. The surgical operation often 

caused massive increase of up-regulated 

transcriptomes [5], which might reflect the repair 

function and tissue reproduction by Huaier, however, 

massive increase of down-regulation DEGs were 

observed here (about 15.6 % of the total transcripts). 

In contrast, the opportunistic virus infection caused the 

utmost increase of up-regulated DEGs (20.6 %), 

highlighted by asterisks in lower left of Figure 2. 

 

 

Figure 2: Genome-scope profile of the patient. Upper column: Transcription Factor (TF) - Deferentially Expressed 

Genes (DEGs) network by the time course of Huaier administration as previously demonstrated [5]. The number of 

altered DEGs were shown in lower column (left), and the KEGG Gene Ontology analysis [10] revealed the 

opportunistic infection in lower right (*). 

 

Figure 3 well demonstrated miRNA-mediating gene 

silencing effects after 1 month of Huaier 

administration. The significant changes in up- and 

down-regulated DEGs were in inverse proportion to 

those observed in DESs in miRNA and piRNA 

(smaller in number). The increase of down-regulated 

miRNAs resulted in massive increase of down-

regulated DEGs (4,274; 15.6% of the total). 

Interestingly, after one month of Huaier treatment, the 

changes in DEGs and DESs became proportionally 
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bigger in number. Then the opportunistic virus 

infection influenced the drastic up-regulation of both 

DEGs and DESs, except siRNA. There was no 

significant correlation of DESs in siRNA detected 

throughout the treatment period with Huaier. 

 

Figure 3: Comparison of the numbers of non-coding small RNAs by the time course of Huaier administration as 

previously demonstrated [5], with additional sample information, Lower left shows the DEG changes. 

 

Huaier could not prevent virus infection, however, the 

infection remained asymptomatic and totally cured 

within reasonable period of time (one month in her 

father) [5-7]. 

 

Figure 4 demonstrates the further detailed analysis on 

the changes in miRNA and piRNA. The names of top 

ten up- and down-regulated molecules were noted, and 

compared the numbers between 1 month and 3 months 

after Huaier treatment. There were enough numbers of 

miRNAs which showed reverse regulation (from red 

to blue) within 3 months after treatment, whereas only 

two piRNA molecules found similar changes. The 

piRNA changes were almost similar to those in 

miRNAs, with much less in quantity, and mainly with 

the novel piRNAs. Massive increase of down-

regulated miRNAs was observed until 3 months of 

treatment, 2 months after surgical dissection. These 

down-regulations were reversed to be striking up-

regulation at the time of virus infection (9 months after 

Huaier treatment), together with her father [5].  
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Figure 4: MiRNA and piRNA-mediated transcriptional control by a comparison according to the time course of Huaier 

administration; 1 month (before surgical dissection) and 3 months (recovery period after the surgical dissection). The 

quantitative changes were indicated by log2 transformed fold change calculation by the red bars (up-regulated 

molecules) and blue bars (down-regulated ones).  
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3.2 Multiple mutation detected in oncogenes and 

tumour suppressor genes, and consequent 

alterations in major signalling pathways 

Tables 1 and 2 demonstrated and summalized the 

periodical changes of the altered and modified in 

transcripion processes, and their functional lineage in 

signaling pathways using KEGG pathway 

characterizaion [10]. Table 1 showed the list of 

oncogenes and tumor suppressor genes with altered 

expression, with up-regulation in red color and down-

regulation in blue color, black letters mean no 

quantitative change in expression. It is surprising to 

see this mach alteration in major molecules 

responsible for health maintenance. Then we 

investigated detailed functional lineage of these 

altered molecules in signaling pathways by KEGG 

pathway characterizaion [10]. Table 2 demonstrates 

the dynamics of signal transfer in many signaling 

pathways organized by the molecules shown in Table 

1.  

 

 

Table 1: The major oncogenes and tumor suppressor genes with the alteration of expression. Red highlights: up-

regulated altered genes, and blue highlights: down-regulated altered genes. Black letters indicate genes with no 

quantitative changes.  
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Table 2: The signal transfer pathways with genetic alterations described in Table 1. The pathways were in two 

categories; down-regulated and up-regulated. The typical related functions of each pathway were indicated and 

highlighted by bold arrows. The changes of the regulation were written by the time course of Huaier administration. 
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We have already indicated Huaier effects on the rescue 

of Hippo signalling pathway function using 

Drosophila mutants [4], and predicted that more 

functional lineage should exist to explain a broad 

spectrum of Huaier efficacy. The present study, 

together with the previous results [5-7], provides the 

systematic and quantitative background. Huaier 

influenced a broad spectrum of biophysiological 

systems including; cell growth and differentiation; 

proliferation; survival; mortality; angiogenesis; for the 

control of carcer progression and tumorigenesis, 

together with apoptosis; chemoresistance; cytokine-

cytokine receptor interaction; for cancer treatment, 

mismatch repair; nucleotide excision repair systems; 

for prevention of carcinogenesis and stem cell control, 

together with neural transmitter and signal transfer 

intra/inter neurons.  

 

DYRK1A (dual-specificity tyrosine-regulated kinase 

1A) [21], a kinase with multiple implications for 

embryonic development, especially in the nervous 

system, has been well known to link all these functions 

written above, and the results obtained from the 

present study indicated the similar potential of Huaier 

to link multipe signaling pathways. By the way, no 

alterations in DYRK1A was found in this patient and 

family. 

 

3.3 The additional important genetic alterations 

identified correlated with meningioma, the other 

symptoms and disorders. 

Meningioma is known as benign, typically a slow-

growing tumor, and molecular basis still remains 

unclear with few exceptions [22]. The case study of 

meningioma has reported the somatic mutations in 

POLR2A define a distinct subset of meningiomas 

[23].  

 

Thus we identified possible mutations and changes 

related to the reported meningioma-linked genes. 

Figure 5 showed, 1) no mutations in RNA polymerase 

I, II and its subunits, and III genes (Panel A, upper 

column), 2) transciptional factors attached to RNA 

polymerase II drastically down-regulated (Panel A, 

lower column), 3) in Panel B, signal transfer intra/inter 

neurons were strongly down-regulated by 

neurotransmitter mutation (SLC6A4 solute carrier 

family 6 member 4, also known as：HTT; 5HTT; 

OCD1; SERT; 5-HTT; SERT1; hSERT; 5-HTTLPR) 

[17], and 4) mutations in all the isoforms of prion 

protein; the normal PrPC and protease-resistant forms 

designated PrPRes such as the disease-causing 

PrPSc(scrapie) [18]. 
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Figure 5: Massive down-regulation for the compensation for the defected functions in Panel A; RNA polymerases 

and the transcription factors attached to RNA polymerase II, in Panel B; Neural transmission signaling cascade by 

SLC6A4 solute carrier family 6 member 4 (Also known as：HTT; 5HTT; OCD1; SERT; 5-HTT; SERT1; hSERT; 5-

HTTLPR) [17], in Panel C; PRNP (prion protein) regulating cascade [18] , at 90 days after Huaier administration by 

KEGG pathway classification [10]. 

B−2 

Huaier ad. 

9 months 
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   HTT mutation  
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These transciptional mutations might explain the 

continuous and sequential disorders in the patient, 

however, the family member is totally asymptomatic, 

in a good health condition, even with the same 

alterations. The results shown in Figure 5 indicated 

more than the rescue of transcription control 

dysfunction were required to interpret the 

mechanisms, together with massive modification in 

signal transfer in multiple signalling pathways.  

 

4. Discussion 

It is a general understanding that, when signaling 

pathways interact with one another they form 

networks, they allow cellular responses to be 

coordinated, often by combinatorial signaling 

events [24]. At the molecular level, such responses 

include changes in the transcription or translation of 

genes, and post-translational and conformational 

changes in proteins, as well as changes in their 

location. These molecular events are the basic 

mechanisms controlling cell growth, proliferation, 

metabolism and many other processes [25]. In 

multicellular organisms, signal transduction pathways 

regulate cell communication in a wide variety of ways. 

 

Based on those general understandings, it is beyond 

our knowledge to identify as such multiple mutations 

in key molecules identified in the patient focused in 

the present study. First, the patient had mutations in all 

the members of the epidermal growth factor receptor 

(EGFR [11]; ErbB-1; HER1 in humans), among ErbB 

family of receptors, a subfamily of four closely related 

receptor tyrosine kinases: EGFR (ErbB-1), HER2/neu 

(ErbB-2), Her 3 (ErbB-3) and Her 4 (ErbB-4). It is 

well known that mutations affecting EGFR expression 

or activity could result in cancer. It is noteworthy that 

the family member easily had virus infection as 

suggested [26], HIV virus infections in the patient, and 

papilloma virus infection in her father. 

 

In addition, EGFR plays a critical role in TGF1 

dependent fibroblast to myofibroblast differentiation, 

the mutations often resulted in impaired tissue or skin 

function, and delayed the recovery from the injury 

including surgical treatment [11]. Mutations, 

amplifications or misregulations of EGFR or family 

members are implicated in about 30% of all epithelial 

cancers [26]. The identification of EGFR as an 

oncogene has led to the series of development of 

highly toxic anticancer therapeutics directed against 

EGFR (called "EGFR inhibitors", EGFRi), including 

recent development of Osimertinib, a third-generation 

tyrosine kinase inhibitor [27]. Huaier treatment was 

simultaneously proved its significant efficacy on 

breast cancer, chiefly by the rescue of defected 

function in the transcriptional control of Hippo 

signaling pathway [4, 28, 29]. 

 

As for HER2/neu, amplification or over-expression of 

this oncogene has been reported to play an important 

role in the development and progression of certain 

aggressive types of breast cancer [28]. In recent years 

the protein has become an important biomarker and 

target of therapy of breast cancer patients. 

 

Signaling pathways activated by HER2 include the 

following signaling pathways, which appeared in 

Table 2. 

1. mitogen-activated protein kinase (MAPK) 

2. phosphoinositide 3-kinase (PI3K/Akt) 

3. protein kinase C (PKC) 

4. Signal transducer and activator of transcription 

(STAT) 

5. phospholipase C γ 

 

https://en.wikipedia.org/wiki/Transcription_(biology)
https://en.wikipedia.org/wiki/Translation_(biology)
https://en.wikipedia.org/wiki/Post-translational_modification
https://en.wikipedia.org/wiki/Cell_growth
https://en.wikipedia.org/wiki/Metabolism
https://en.wikipedia.org/wiki/Cellular_communication_(biology)
https://en.wikipedia.org/wiki/Epithelial
https://en.wikipedia.org/wiki/Oncogene
https://en.wikipedia.org/wiki/Gene_duplication
https://en.wikipedia.org/wiki/Oncogene
https://en.wikipedia.org/wiki/Breast_cancer
https://en.wikipedia.org/wiki/Biomarker_(medicine)
https://en.wikipedia.org/wiki/Breast_cancer
https://en.wikipedia.org/wiki/Mitogen-activated_protein_kinase
https://en.wikipedia.org/wiki/Phosphoinositide_3-kinase
https://en.wikipedia.org/wiki/Protein_kinase_C
https://en.wikipedia.org/wiki/STAT_protein
https://en.wikipedia.org/wiki/Phospholipase_C
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These signaling through the ErbB family of receptors 

promotes cell proliferation and opposes apoptosis, and 

therefore must be tightly regulated to prevent 

uncontrolled cell growth from occurring [11-16]. 

Over-expression, and other modifications found in the 

present study is also known to correlate with ovarian, 

stomach, and lung cancer and, more importantly to the 

patient in the present study, aggressive forms of 

uterine cancer.  

  

Another notable mutation was identified in c-Met [12-

14], also called tyrosine-protein kinase Met or 

hepatocyte growth factor receptor (HGFR), essential 

for embryonic development, organogenesis and 

wound healing. Abnormal MET activation in cancer 

correlates with poor prognosis, where aberrantly 

active MET triggers tumor growth, formation of new 

blood vessels (angiogenesis) that supply the tumor 

with nutrients, and cancer spread to other organs 

(metastasis). MET is deregulated in many types of 

human malignancies, including cancers of lung, 

kidney, liver, stomach, breast, and brain. Cancer stem 

cells are thought to hijack the ability of normal stem 

cells to express MET, and thus become the cause of 

cancer persistence and spread to other sites in the 

body. MET pathway plays an important role in the 

development of cancer through activation of key 

oncogenic pathways (RAS, PI3K, STAT3, beta-

catenin). 

 

Coordinated down-regulation of both MET and its 

downstream effector extracellular signal-regulated 

kinase 2 (ERK2) by miRNA (miR-199a) may be 

effective in inhibiting not only cell proliferation but 

also motility and invasive capabilities of tumor cells 

[30]. We observed significant up-regulation of miR-

199a at 1 month after Huaier administration, but 

changed to down-regulation after 3 months.  

According to the consideration of the outcomes by the 

mutated EGFR and other receptor tyrosine kinases (c-

MET/erbB-2), we had to conclude that Huaier 

prevented the patient from possible carcinogenesis and 

tumorigenesis, by the compensation of defected 

signaling pathways through the massive alterations in 

numerous molecules.  

 

We also performed detailed analysis on PNA 

polymerases and their subunits, with information of 

the attached transcription factors [23]. As shown in 

Figure 5, no transcriptional alterations were found in 

all the RNA polymerases and their subunits, but 

quantitative inhibition in the attached transcription 

factors were identified. These changes in 

transcriptional factors might be the main 

compensation for RNA polymerase functions and 

consequent production of proteins. On the contrary, 

oncogenic PI3K mutations together with AKT1 were 

identified as reported [31, 32]. Again, the alterations 

in signaling pathways overlapped in the patient’ 

mutations shown in Tables 1 and 2, and the same 

targets required for compensations on the course of 

recovery by Huaier administration. 

 

In addition, we had to screen the molecular 

characterization in signal transfer network in neurons, 

by consideration of symptoms and disorders observed 

in the patient. SLC6A4 solute carrier family 6 member 

4, also known as：HTT; 5HTT; OCD1; SERT; 5-

HTT; SERT1; hSERT; 5-HTTLPR encodes an 

integral membrane protein that transports the 

neurotransmitter serotonin from synaptic spaces into 

presynaptic neurons [18]. The encoded protein 

terminates the action of serotonin and recycles it in a 

sodium-dependent manner. This protein is a target of 

psychomotor stimulants, such as amphetamines and 

cocaine, and is a member of the sodium: 

https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Adenocarcinoma_of_the_lung
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neurotransmitter symporter family. A repeat length 

polymorphism in the promoter of this gene has been 

shown to affect the rate of serotonin uptake. There 

have been conflicting results in the literature about the 

possible effect, if any, that this polymorphism may 

play in behavior and depression observed in the 

patient. 

 

PRNP (prion protein, also known as CD230) most 

predominant protein in the nervous system but occurs 

in many other tissues throughout the body [18]. The 

protein can exist in multiple isoforms, the normal PrPC 

and protease—resistant forms designated PrPRes such 

as the disease-causing PrPSc(scrapie), and an isoform 

located in mitochondria. The obtained data indicated 

the transcriptional mutation in all these forms of 

PRNP. 

 

A wide range of studies has been conducted 

investigating the role in cell proliferation, 

differentiation, death, and survival [18]. Engagement 

of PrP has been linked to activation of signal 

transduction, PrP has been proposed as dynamic 

surface protein functioning in signaling pathways. 

Specific sites along the protein bind other proteins, 

biomolecules, and metals. These interfaces allow 

specific sets of cells to communicate based on level of 

expression and the surrounding microenvironment 

[33]. The modification of PRNP might have an 

important role for the alteration in many signaling 

pathways required in the patient and family. 

Consequently, the protein could serve as either a 

copper homeostasis mechanism, a calcium modulator, 

or a sensor for copper or oxidative stress. Loss of PrP 

function has been linked to the defects in long-term 

memory. This effect, together with synaptic 

transmission, was reported to indicate PrP importance 

related to the memory function [34, 35]. 

These mutations written above seemed to be 

hereditary events and including Htt and all the 

isoforms of PNRP prion protein were observed equally 

among family members. However, no serious 

carcinogenesis or tumorigenesis were observed at all, 

except in the parient with benign meningioma. They 

all had Huaier administration 20g per day, and no 

significant alterations in signaling pathways were 

detected [5-7].  

 

The post-transcriptional control, epigenetic processes 

seemed to matter the differences in pathogenicity 

among family members, from the observation of the 

altered levels of DNA repair enzymes such as MGMT, 

MLH1-3, and p53. In addition, miRNA genes are also 

drastically altered which associated with CpG islands, 

that may be repressed by epigenetic methylation [36, 

37].  

 

At the same time, alteration of the expression level of 

WASP [38, 39] and SUMO (Small Ubiquitin-like 

Modifier) [40] were detected to support the 

compensation of defected functions in signaling 

pathways such as; protein stability, nuclear-cytosolic 

transport, and transcriptional regulation. The SUMO-

1 modification of RanGAP1 (the first identified 

SUMO substrate) was also involved for compensation 

of Ubiquitin mediated proteolysis by trafficking from 

cytosol to nuclear pore complex. 

  

5. Conclusion 

The present study provides striking ability of Huaier 

to compensate for defected signal transfer in multiple 

signalling pathways correlated especially with EGFR 

[11] and other receptor tyrosine kinases (c-MET [12-

14] /erbB-2 [15, 16]. These mutations and alterations 

were hereditary process, and post-transcriptional 

modifications seemed to decide the pathogenic 
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progression. Huaier showed significant inhibitory 

effects on carcinogenesis and tumorigenesis among 

the family members. However, even after 2 years of 

Huaier treatment, the mutations and alterations in 

transcription in these molecules were stably existed, 

only the regulation of transcription changed. 

 

The other family members were asymptomatic 

without any serious health problems except virus 

infections, and it is hard to estimate the ratio of these 

mutations in asymptomatic, healthy families in total 

population in Japan. 

 

Thus, Huaier provides practical compensation of 

defected and impaired function in signal transfer in 

multiple signalling pathways successfully, which also 

contributes to reduce a risk of carcinogenesis 

correlated with hereditary gene mutations. 
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