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Abstract  

 

The damage caused by the lupus nephritis to the patient's kidney was very little studied for treatment module; however, 

we have the understanding the disease involving in the kidneys by an immune complex glomerulonephritis. Human 

genomics have been decoded since 2004, it should give clinical scientists and medical doctors a new scenery to develop 

some new treatment modules to cure these kinds of patients. Here we used a group of genomic data from lupus nephritis 

to combine the modern medicine knowledge and Traditional Chinese Medicine (TCM) so that an integration module will 

be subject to the clinical field. The integration model is primarily relied on a comprehensive regulation mechanism of 

system biology including network, topology and gene-drug interaction database. In this manual we first study the role 

using genomic expression signature from several databases of clinical lupus nephritis, and then we combine current 

medications with their immune suppress treatment and TCM with their theory and medication in order that the 

integration model was eventually established. In near future, we will extend a second-generation model based on the 

module by using a set of clinical genomic data from different patients such as individual patient genomic data, each 

patient symptom, laboratory results. 

Keywords: Lupus nephritis, gene expression signature, topology, integration medicine, traditional Chinese medicine, 

personalized therapy. 
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INTRODUCTION 

The lupus nephritis (LN) is a severe kidney 

disease caused by an immune complex which results in 

glomerulonephritis [1]. The disease will finally develop 

renal function failure but very little measurement to 

control the disease deterioration [2]. Since 2004 when 

human genomics are decoded, it gives an expectation for 

clinical scientists and medical doctors to treat the 

uncured disease suffered by patients. Furthermore, 

because traditional Chinese medicine (TCM) has several 

thousand’s years practice to treat the uncured disease, it 

will be possible that recent LN studies have been largely 

reported by mechanism of ―Yin‖ and ―Yang‖ related to 

T-cells and cytokines regulation in TCM. Moreover, 

immune suppress medication has been increasingly 

studied by their cytokines and gene regulation to treat 

the disease. Foremost, system biology and gene-drug 

interaction databases are emerging, an integration model 

based on genomics will be possible for combination 

employment of different medication methods in clinics.  

 

Since the integration model is primarily 

developed by a group of genomic data, here we first 

studied several genomic databases from LN to develop a 

module for the integration model. Secondly, some 

comprehensive pathways are studied to LN network 

mechanism so that we further set up a network 

construction by genomic expression signature obtained 

from public GEO database. Finally, we combine LN 

networks with their medicine treatment and LN related 

to cytokine regulation with their TCM medication, and 

thereby this integration modeling will be a combination 

to treat Lupus Nephritis (LN) from different 

mythologies. They should better than lonely method to 

treat LN such as only immune suppress to treat LN or 

by only TCM to administer LN. This study will 

improve our understanding of LN system biology in 

the uncured disease. The manual purpose will provide 

a foundation for effective treatment to administer 

these kinds of uncured diseases. In near future, we will 

continue to develop second-generation module with a set 

of clinical genomic data from different patients and their 

information relied on each patient symptom and 
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laboratory results. our final purpose is that the feasible 

module can be used MD to prescribe drugs according to 

personal genomics information, patient symptom, 

different lab results.  

 

MATERIALS AND METHODS 

Clinical Genomic Sources 

There are several public LN genomic databases 

published in Gene Expression Omnibus (GEO). After 

these database in GEO are carefully studied (all studies 

of LN public genomic database were omitted here), we 

mainly select GSE99967 from GEO for our study model 

even if combination was used to other information from 

the LN genomics such as GWAS and other information. 

The GES99967 have used Affymetrix Human Gene 2.0 

ST Array to study LN genomics [3]. Furthermore, these 

public GEO databases have three advantages and 

characteristics over than other LN genomic data: (1) 

RNA was isolated from whole peripheral blood of 

active SLE patients (systemic lupus erythematosus) 

with their transcriptomic profiling including LN 

patients; (2) clinical criteria from patients follow up 4 or 

more of the revised in 1997 by American College of 

Rheumatology; (3) 38 patients with 17 controls 

including active patients with and without LN which 

can be used to identify potential genomic expression 

signature (GES).  

 

Topology analysis for personalized therapy modeling 

After we analyzed the GEO database to 

combine other information such as GWAS, if we want 

to study a disease network, as our previous reports [4], 

we should first study this disease topology model. In 

details, the specific GES (Supplemental Table-1) was 

input into Cytoscape to observe abnormal expression 

from these disease genomic characteristics. Based on 

our previous publications, we selected three indexes, 

Betweenness Centrality (BC) which is short pathway 

between two proteins (node), Connectivity Degree (CD) 

which is a protein linking other protein number and 

Cluster Coefficient (CC), which means side-way to a 

protein. Furthermore, the topology formula selected in 

the network combined to mTORC pathway 

(Supplemental Table-2), which is an acute and chronic 

kidney disease, lay the foundation for the establishment 

of an operational therapeutic targets.  

 

After we studied the GES topology, the 

modified gene expression profile is also input into a 

drug-bank in the Drug Genomic Interaction Database 

(DGIdb) to define targeted therapeutic drug and the 

targeting molecule [5]. As our previous researches, we 

also study an index from each compound with higher 

BC and lower CC and CD. These targets indicate as a 

higher targeting for abnormal cells with a lower toxicity 

for normal cells. Eventually, a list of compounds from 

drug-bank is established to link genes, especially 

including FDA-approved drug and molecular 

therapeutic antibodies and small molecule therapeutics 

and radiation molecules. This led to the establishment of 

configuration maps and drug response networks based 

on the abnormal genome expression characteristics 

obtained from LN. 

 

Topology analysis for modern medicine treatment  

According to several decades efforts from 

different laboratories, three pathways (Supplemental 

Table-3) have been discovered for chronic 

inflammatory response networks, those are, nuclear 

factor kappa-light-chain-enhancer of activated B cells 

pathway (NF-κB), hypoxia-inducible factors-1 alpha 

(HIF-1α) pathway and signal transducer and activator 

of transcription (STAT) pathway [6]. When patients 

become chronic inflammation such as LN, the three 

pathways with their transcriptional factors will become 

major factors to involve in the diseases.   

 

Moreover, routine clinical health care focus on 

a corticosteroid (such as prednisone), or suppress 

immune system such as cyclophosphamide, 

mycophenolate mofetil or hydroxychloroquine for 

people who have LN diseases. Because most of LN 

have high blood pressure, Lupus nephritis can cause 

high blood pressure in some people. We may need more 

than one kind of medicine to control patient blood 

pressure including ACE inhibitors, diuretics, beta 

blockers or calcium channel blockers. The ACE 

inhibitors and other drugs may help protect your 

kidneys, and diuretics help your kidneys remove fluid 

from your body. Accordingly, all medication related to 

their molecules and cytokines regarding immune 

suppress and anti-high-blood pressure were established 

a linker into the three pathways with their 

transcriptional factors as described above.   

 

We apply for the list of drugs with targeting 

genes to combine into the network including three 

pathways and a list of drugs to administer their 

treatment. Finally, genes with their drugs still require 

higher BC with lower CC and CD to establish 

medication module and drug response networks based 

on LN. 

 

Topology analysis for traditional Chinese Medicine  

Zhuangzi (1020–1078 AD), a famous 

Chinese philosopher, had interpreted that there are two 

elements: ―Yin‖ and ―Yang‖ establish a material force 

in the universe [7]. According to the famous Chinese 

philosophy: ―Yang‖ and ―Yin‖ interact each other to 

complete a ―Great Ultimate‖ also called as ―Tai-chi 

diagram‖. As current researches, Yang, the ―hot‖ point 

is inflammation peak (enlargement of yang area) and 

Yin, ―cool‖ point is regulatory of inflammation 

(enlargement of yin area). After several decades efforts, 

inflammation pathways regarding cytokines have been 

extensively studied in the ―Tai-chi diagram‖ [8] so that 

we set up topology analysis from inflammation 

regulation and autoimmune response including 

cytokines expression in Yin and Yang (Supplemental 

Table-4).  

https://www.niddk.nih.gov/Dictionary/A/ACE-inhibitor
https://www.niddk.nih.gov/Dictionary/D/diuretic
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Moreover, TCM with their treatment will be 

used for lupus nephritis patients by Chinese Diagnosis 

Model [9]: A. liver heat (liver fire) which is patient 

tongue red, the pulse is wiry and rapid; B. spleen-

kidney yang deficiency by which patient has night 

sweats, afternoon fever, chronic fatigue, and pain in the 

lower back and knees; C. liver-kidney yin deficiency 

which is face and tongue dark and dull; D. combination 

with some symptom as above three types. We also 

apply for a list of traditional drugs with their targeting 

cytokines as ―Tai-chi diagram‖ from cytokines and T-

cells to set up the new network including Yin-Yang 

pathways and a list of TCM treatment. As topology 

described above, higher BC with lower CC and CD 

establish TCM with their treatment including drug 

response based on Chinese Diagnosis Model.  

 

Topology analysis for integration module 

As eventual combination for integration 

model, we merge all networks from genomic data 

including their therapeutic targets; three pathways with 

their immune suppress and symptom such as high blood 

pressure; ―Yin-Yang‖ as ―Tai-chi diagram‖ related 

cytokines with their TCM and their medication (all data 

as supplemental_1_2_3_4).  

 

Support Analysis 

In order to support the module of the selected 

pathways for targeted drugs and a targeted molecule 

therapy for personalized therapy including current 

medication and traditional Chinese medication, a 

python scripts to simulate to assay a drug 

(Supplemental Table-6). The python scripts were 

established as our previously reported [10], they are 

used to simulate the anti-LN drugs to support the 

module and analyze the matched therapeutic targets 

including modern medicine and TCM in the LN 

network for targeted gene expression and the 

discovered therapeutic molecules. The design principle 

is that the abnormal inflammation cytokines obtained 

by network with a dynamic model based on differential 

equations including qualitative relationships and 

directed responses as our previous report. The scripts 

will verify the efficacy of anti-LN drugs for LN 

patients.  

 

RESULTS 

Construction and topology establishment from GES  

Recently, therapeutic targeting is going to 

focus on topology based on GES to discover drug 

targeting, small molecule targeting, Ab targeting and 

RNA-interfering therapy. Our laboratory has spent more 

than a decade to study different topology parameters 

relied on our experimental assay such as quantitative 

rtPCR and Western blot [11]. Although most of 

parameters can be used in different cell-lines, animal 

and human beings in different lab [12-15], as our 

previous studies, both BC and DC majorly play an 

important role in primary cells from clinical specimens 

while DC is likely to be toxic for normal cells such as 

normal lymphocytes due to their system-wide influence, 

thus we firstly study GES (as Supplemental Table-1) 

with higher BC and low DC/CC from the GEO data. 

The high BC value indicates a significant targeting node 

from abnormal cells and low DC and CC means very 

few branches without their system-wide influence to 

cause normal cell disfunction [16]. Base on the 

conception from our long-term data analysis and 

experimental support, although 21 GES from LN within 

SEL was obtained from GEO data, we need further 

refine a construction for feasible therapeutic targets. 

After we input mTORC (as Supplemental Table-2) and 

chronic inflammation pathways into Cytoscape, a 

construction from both LN GES and 

mTORC/inflammation pathways was established as Fig-

1. The uncovered nodes (or genes or proteins) were 

loaded into the GDIdb to mine drugs, small molecule 

and other molecular therapy agents. The resulting node 

and drug candidates with their index (BC, DC and CC) 

were configured by the construction map as Fig-2. As 

the Fig-2 shown, hydrochlorothiazide was predicted to 

inhibit CA1 which can cause renal high pressure 

although the drug indicates anti-chronic inflammation in 

the disease GES. 

 

Topology and results of analysis for current 

medicine treatment  

Clinical care for LN have routinely employed 

prednisone, cyclophosphamide, mycophenolate mofetil, 

hydroxychloroquine for patients who have LN diseases. 

Because LN have complex symptoms such as high 

blood pressure, ACE inhibitors, diuretics, beta blockers 

or calcium channel blockers may help protect your 

kidneys and/or diuretics help your kidneys remove fluid 

from your body. According to chronic inflammatory 

pathways (as Supplemental Table-3) and drugs 

targeting genes and cells, we apply for the list of drugs 

with targeting genes and chronic inflammatory 

pathways to set up the network for topology constructs. 

As GES therapeutic targets described above, genes with 

their drugs require higher BC with lower CC and CD to 

establish the resulting networks as Fig-3. The results 

constructs revealed that prednisone inhibiting Cox2, 

cyclophosphamide, mycophenolate mofetil, 

hydroxychloroquine blocking T-cells. For example, 

after block of cyclophosphamide, chronic inflammation 

will be inhibited in the constructs. In order to study 

clinical complication for drugs responses in the 

dynamic network, we also can discover some drugs in 

the constructed topology with the disease complication 

as Fig-3.  

 

Topology analysis and results for traditional Chinese 

Medicine  

Traditional Chinese medicine (TCM) for lupus 

nephritis have a special Chinese Diagnosis Model 

according to Chinese medication theory: ―liver heat‖, 

―spleen-kidney yang deficiency‖, ―liver-kidney yin 

deficiency‖ and combination with above three types. 
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―Tai-chi diagram‖ indicated the ―hot‖ point as Yang is 

inflammation peak (enlargement of yang area) and 

―cool‖ point as Yin is regulatory of inflammation 

(enlargement of yin area). As Supplemental Table-4 and 

Fig-4, inflammation pathways including their cytokines 

and T-cells have been extensively studied in the ――Great 

Ultimate‖ so that we set up topology analysis of 

inflammation regulation and autoimmune response 

including cytokines expression in Yin and Yang.  As 

topology described above, higher BC with lower CC and 

CD require traditional Chinese medicine with their 

treatment including drug response based on Chinese 

Diagnosis Model. As Fig-5, JSW (金匮肾气丸 )can 

increase ―spleen-kidney Yang function‖ which is 

constructed by ―Great Ultimate‖ related inflammatory 

pathways.  

 

Construction and topology analysis for integration 

model  

After we achieved first construct from genomic 

data with their therapeutic targets, second construct from 

current LN mechanism with their immune suppress 

treatment, third construct from TMC mechanism with 

their treatment, as Fig-6, we merged all nodes within 

configuration, an integration model with their 

construction was established as Fig-7. The resulting 

node and drug candidates with their index (BC, DC and 

CC) were discovered by the construction map as 

Supplemental Table-5 and Fig-7. As the Fig-7 shown, if 

we have a group of GES data, we can predict a 

comprehensive treatment, including current feasible 

immune suppress and anti-symptom administration, 

targeting treatment and traditional Chinses medication, 

which can block LN with their different complicated 

symptoms such as renal high pressure and other chronic 

inflammation. 

 

Python Analysis and Results 

In order to support the integration model for 

these selected pathways and their targeted drugs and a 

targeted molecule therapy including their current 

medication and traditional Chinese medication, a python 

scripts which was established in our lab are used to 

simulate the anti-LN drugs in the module and analyze 

their therapeutic targets within modern medication and 

traditional Chinese medication in the construct network 

(as Supplemental Table-6). As Fig-8 and Table-1, if 

genomic data as GES was harvested in the manual, 

cyclosporin-A is better than cortisone to remodel 

immune regulation to the therapeutic targets; SJGHDH (

参芪桂附地黄汤 ) is better than other traditional 

Chinese medication; hydrochlorothiazide is better than 

ACE inhibitors, beta blockers and calcium channel 

blockers because this GES data has higher CA1 

expression.

  

 

An integration modeling and results 

name BetweennessCentrality DegreeCentriality ClusteringCoefficient 

Cyclosporin_A 5.015625 1 0 

CTX 5.015625 1 0 

CYCLOTHIAZIDE 5.375 1 0 

CHLORTHALIDONE 5.375 1 0 

SODIUM_CARBONATE 5.375 1 0 

QUINETHAZONE 5.375 1 0 

METHYCLOTHIAZIDE 5.375 1 0 

HYDROFLUMETHIAZIDE 5.375 1 0 

HYDROCHLOROTHIAZIDE 5.375 1 0 

DIAZOXIDE 5.375 1 0 

BENZTHIAZIDE 5.375 1 0 

BENDROFLUMETHIAZIDE 5.375 1 0 

SJGHDH 7.203125 2 0 

DHY 7.203125 2 0 

DBW 7.203125 2 0 

SJDH 7.203125 2 0 

JJDH 8.1640625 1 0 

GZDH 8.1640625 1 0 

WZXZ 7.3359375 1 0 

JSW 7.3359375 1 0 

 

 

 

 

 

LEGEND 
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Fig-1: A Cytoscape platform was established by mTORC/inflammation pathways, GES and compounds mined by GDIdb 

 

 
Fig-2: The construction was defined by Cytoscape platform depending on mTORC/inflammation pathways, GES and compounds mined by 

GDIdb and the configuration were used for the topology analysis such as BC, DC and CC. For example, large node size means larger BC value 

and DC large means color dark from red, pink, yellow, blue, green to dark 
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Fig-3: The construction was defined by Cytoscape platform depending on mTORC/inflammation pathways, immune suppress with their 

compounds mined by GDIdb and they were used for the topology analysis such as BC, DC and CC as Fig-2; the three pathways are activated B 

cells pathway (NF-κB), hypoxia-inducible factors-1 alpha (HIF-1α) pathway and signal transducer and activator of transcription (STAT) 

pathway 

 

 
Fig-4: “Tai-chi diagram” indicates Yang, the “hot” point is white from smaller to larger and Yin, “cool” point is dark from regulatory of  

inflammation (enlargement of yin area) which is „yang‟ opposite. Inflammation pathways regarding cytokines from “Tai-chi diagram” were 

used to study traditional Chinese medication 
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Fig-5: The construction was defined by Cytoscape platform depending on immune regulation and autoimmune pathways including their 

cytokines and T-cells. They were configured as Yin and Yang including their traditional Chinese mediation. Topology such as BC, DC and CC. 

were used to study analysis. For example, large node size means larger BC value and DC large means color dark from red, pink, yellow, blue, 

green to dark 

 

 
Fig-6: The diagram indicated that an integration process including genomics data with their GES for personalized therapy, chronic LN 

inflammation with their medication, traditional Chinese medication with Yin and Yang related cytokines and T-cell pathway 
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Fig-7: The construction indicated that an integration model including genomics data with their GES for personalized therapy, chronic LN 

inflammation with their medication and traditional Chinese medication with Yin and Yang related cytokines and T-cell pathway 

 

 
Fig-8: The python analyses support that an integration results such as CA1 will increase inflammation and high blood pressure although 

cyclothiazide can decrease high blood pressure and also can decrease inflammation (A); cyclosporin-A can inhibit T-cell activity related 

autoimmune response (B) and SJGHDH can increase Yin and Yang to treat LN related spleen-kidney yin deficiency and yang deficiency (C) 

from this GES pattern 
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Supplemental Result 

 

Source Target Interaction 

INS INSR + 

INSR IRS + 

IGF INSR + 

INSR IRS + 

IRS PI3K + 

PI3K PIP3 + 

PIP3 PDK1 + 

PDK1 AKT + 

AKT TSC1/2 - 

TSC1/2 Rheb - 

Rheb mTORC1 + 

mTORC1 HIF1-alpha + 

HIF1-alpha VEGF + 

mTORC1 S6K1/2 + 

S6K1/2 elF4B + 

S6K1/2 S6 + 

mTORC1 4E-BP1 - 

4E-BP1 elF4E1 - 

mTORC1 ATG1 - 

Rapamycin mTORC1 - 

mTORC1 PKC + 

BRAF mTORC1 - 

Stress LKB1/STRAND/MO25 + 

LKB1/STRAND/MO25 AMPK + 

AMPK TSC1/2 + 

TNF-alpha IKK + 

IKK TSC1/2 - 

AMP AMPK + 

Metformin AMPK + 

AICAR AMPK + 

Hypoxia REDD1 + 

REDD1 TSC1/2 + 

INS INSR + 

INSR Ras + 

IGF INSR + 

INSR Ras + 

DOXYCYCLINE_CALCIUM MMP8 - 

BENDROFLUMETHIAZIDE CA1 - 

BENZTHIAZIDE CA1 - 

CEFDINIR MPO - 

CYCLOTHIAZIDE CA1 - 

DIAZOXIDE CA1 - 

ETHINAMATE CA1 - 

HYDROCHLOROTHIAZIDE CA1 - 

HYDROFLUMETHIAZIDE CA1 - 

MELATONIN MPO - 

METHYCLOTHIAZIDE CA1 - 
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QUINETHAZONE CA1 - 

SODIUM_CARBONATE CA1 - 

CHLORTHALIDONE CA1 - 

DORZOLAMIDE CA1 - 

DOXYCYCLINE MMP8 - 

SULPIRIDE CA1 - 

TOPIRAMATE CA1 - 

METHOCARBAMOL CA1 - 

BRINZOLAMIDE CA1 - 

CHLORAL_BETAINE ARG1 - 

ZONISAMIDE CA1 - 

DOXYCYCLINE_CALCIUM MMP8 - 

IL1 MMP8 + 

CEFDINIR MPO - 

IL6 MPO + 

CHLORAL_BETAINE ARG1 - 

T_cell ARG1 - 

CYCLOTHIAZIDE CA1 - 

CA1 Inflammation + 

IL6 gp130 + 

gp130 JAK + 

JAK STAT3 + 

STAT3 ISRE/GAS + 

STAT6 ISRE/GAS + 

ISRE/GAS Inflammation + 

SHP1 JAK - 

JAK gp130 + 

PIAS STAT3 - 

SUMO STAT3 - 

PTP STAT3 - 

ISRE/GAS SOCS3 + 

SOCS3 JAK - 

INF JAK + 

JAK STAT1 + 

STAT1 ISRE/GAS + 

STAT3 STAT1 + 

STAT6 STAT1 + 

TNF TNFR + 

TNFR TRADD/TRAF2/5 + 

TRADD/TRAF2/5 RIP + 

A20 TRAF6 - 

A20 RIP - 

CYLD RAF2/5 - 

CYLD IKK - 

IL1 IL1R + 

IL1R IRAK1/4/TRAF2/6 + 

IRAK1/4/TRAF2/6 Pellino + 

Pellino TRAF6 + 

TRAF6 TAB2/TAB1/TAK1 + 

TAB2/TAB1/TAK1 IKK + 
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IKK NF-KB + 

NF-KB Inflammation + 

Hypoxia HIF1-alpha + 

HIF1-alpha NF-KB - 

HIF1-alpha Inflammation + 

COX2 Inflammation + 

NSAID COX2 - 

Cortisone COX2 - 

CTX T_cell - 

Cyclosporin_A T_cell - 

T_cell IL6 + 

T_cell TNF + 

T_cell IL1 + 

T_cell INF + 

IL6 Inflammation + 

TNF Inflammation + 

IL1 Inflammation + 

INF Inflammation + 

M1 T_cell + 

T_cell T_TfH + 

T_TfH BCL6_IL21 + 

T_cell IL12_IFN_gamma + 

IL12_IFN_gamma Th1 + 

Th1 IL2_IFN_gamma_TNF_alpha + 

IL2_IFN_gamma_TNF_alpha Autoimmunity + 

IL2_IFN_gamma_TNF_alpha Cellular_immunity + 

T_cell IL6_TGF_beta + 

IL6_TGF_beta Th17 + 

Th17 IL17 + 

IL17 Autoimmune_process + 

Th17 Yang + 

GM_CSF M2 + 

M2 T_cell + 

T_cell IL12_TGF_beta + 

nTreg IL10_IL35_TGF_beta + 

T_cell IL2_IL4 + 

IL2_IL4 Th2 + 

Th2 IL4_IL5_IL13 + 

IL4_IL5_IL13 Immuno_complex + 

IL10_IL35_TGF_beta iTreg + 

iTreg M1 + 

iTreg IL10_TGF_beta + 

IL10_TGF_beta immune_regulation + 

IL10_TGF_beta Yin + 

JSW Yang + 

WZXZ Yang + 

GZDH Yin + 

JJDH Yin + 

SJDH Yang + 

DBW Yang + 
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DHY Yang + 

SJGHDH Yang + 

SJDH Yin + 

DBW Yin + 

DHY Yin + 

SJGHDH Yin + 

JWBT Yang - 

JWBT Yin - 

LGP Autoimmune_process - 

 

DISCUSSIONS AND CONCLUSION 

The lupus nephritis is a severe disease and it 

will eventually develop into renal function failure. 

Although current medication including current 

administration and current Chinese medication can be 

used to this kind of disease, they still cannot control the 

disease exacerbation very well. When human genomics 

have been decoded in 2004, it will produce a new hope 

for clinical scientists and medical doctors to treat the 

uncured disease. Here we first studied a group of LN 

genomic data to set up a construction and then we 

combined current medication and traditional Chinese 

Medicine treatment to configure this integration 

modeling. 

 

Since the integration model is primarily 

developed by a group of genomic data, some 

comprehensive network mechanism with their treatment 

compounds, in the next step, we will further develop 

second-generation construction with a set of clinical 

genomic data from patients including patient symptoms, 

laboratory results and drug priority-order following the 

first-generation module. Finally, the feasible module 

will be used by medical doctor to prescribe drugs 

according to personal genomics information, patient 

symptom, different lab results. Theoretically, the 

feasible module should be better than lonely method to 

treat Lupus Nephritis by only current immune suppress 

medication or by only traditional Chinese Medication.  

 

 

ACKNOWLEDGMENTS 
Under the support of Dr. H. D. Preisler, we 

have set up different methods and models to analyze 

genomic profiles such as CD3, CD4 and CD8 from 

immune and tumor diseases related personalized 

therapy. This clinical application was previously 

supported by National Cancer Institute IRG-91-022-09, 

USA (to BL).  

 

Mention of trade names or commercial 

products in this article is solely for the purpose of 

providing specific information and does not imply 

recommendation. 

 

Authors Contributions 
WL analyze topology and quantitative network 

under guidance of BL, XY and BL modify 

bioinformatics fields including python scripts; YW give 

us clinical support to some drugs definition; BL 

conceived and designed the experiments. 

 

Competing Interest Statements 

The authors declare no financial interests. 

 

REFERENCES 

1. Ayoub, I., Nelson, J., & Rovin, B. H. (2018). 

Induction therapy for lupus nephritis: the 

highlights. Current rheumatology reports, 20(10), 

60. 

2. Fulgeri, C., Carpio, J. D., & Ardiles, L. (2018). 

Kidney injury in systemic lupus erythematosus: 

Lack of correlation between clinical and 

histological data. Nefrología (English 

Edition), 38(4), 380-387. 

3. Wither, J. E., Prokopec, S. D., Noamani, B., 

Chang, N. H., Bonilla, D., Touma, Z., ... & 

Boutros, P. C. (2018). Identification of a 

neutrophil-related gene expression signature that is 

enriched in adult systemic lupus erythematosus 

patients with active nephritis: Clinical/pathologic 

associations and etiologic mechanisms. PloS 

one, 13(5), e0196117. 

4. Li, B., Liu, G., Hu, H. L., Ding, J. Q., Zheng, J., & 

Tong, A. (2015). Biomarkers Analysis for 

Heterogeneous Immune Responses of Quiescent 

CD8+cells -A Clue for Personalized 

Immunotherapy. Biomarkers Journal, 1:1(3). 

5. Cotto, K. C., Wagner, A. H., Feng, Y. Y., Kiwala, 

S., Coffman, A. C., Spies, G., ... & Griffith, M. 

(2017). DGIdb 3.0: a redesign and expansion of the 

drug–gene interaction database. Nucleic acids 

research, 46(D1), D1068-D1073. 

6. Venkatesha, S. H., & Moudgil, K. D. (2016). 

Celastrol and its role in controlling chronic 

diseases. In Anti-inflammatory Nutraceuticals and 

Chronic Diseases (pp. 267-289). Springer, Cham. 

7. Wei-Ming, T. (1989). The continuity of being: 

Chinese visions of nature. na. Asian Traditions of 



 
Wenqin Li et al., Sch Int J Biochem, March 2019; 2(3): 57-78 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  69 
 

Thought. State Unviersity of New York Press, 

Albany, N.Y. USA, 67-78. 

8. Liu, X., Fang, L., Guo, T. B., Mei, H., & Zhang, J. 

Z. (2013). Drug targets in the cytokine universe for 

autoimmune disease. Trends in immunology, 34(3), 

120-128. 

9. Liu, C. Y., Wu, W. H., Huang, T. P., Lee, T. Y., & 

Chang, H. H. (2014). A novel model for exploring 

the correlation between patterns and prescriptions 

in clinical practice of traditional Chinese medicine 

for systemic lupus erythematosus. Complementary 

therapies in medicine, 22(3), 481-488. 

10. Zheng, J., Zhang, D., Przytycki, P. F., Zielinski, R., 

Capala, J., & Przytycka, T. M. (2009). 

SimBoolNet—a Cytoscape plugin for dynamic 

simulation of signaling 

networks. Bioinformatics, 26(1), 141-142. 

11. Zhang, W., Ding, J., Qu, Y., Hu, H., Lin, M., Datta, 

A., ... & Li, B. (2009). Genomic expression 

analysis by single‐cell mRNA differential display 

of quiescent CD8 T cells from tumour‐infiltrating 

lymphocytes obtained from in vivo liver 

tumours. Immunology, 127(1), 83-90. 

12. Embar, V., Handen, A., & Ganapathiraju, M. K. 

(2016). Is the average shortest path length of gene 

set a reflection of their biological 

relatedness?. Journal of bioinformatics and 

computational biology, 14(06), 1660002. 

13. McElroy, E., Shevlin, M., Murphy, J., & McBride, 

O. (2018). Co-occurring internalizing and 

externalizing psychopathology in childhood and 

adolescence: a network approach. European child 

& adolescent psychiatry, 1-9. 

14. Ferreira, J. A., Gonçalves, L., Naghipoor, J., de 

Oliveira, P., & Rabczuk, T. (2018). The effect of 

plaque eccentricity on blood hemodynamics and 

drug release in a stented artery. Medical 

engineering & physics, 60, 47-60. 

15. de Almeida Célio, F., de Lima Friche, A. A., 

Jennings, M. Z., de Souza Andrade, A. C., Xavier, 

C. C., Proietti, F., ... & Caiaffa, W. T. (2018). 

Contextual characteristics associated with the 

perceived neighbourhood scale in a cross-sectional 

study in a large urban centre in Brazil. BMJ 

open, 8(8), e021445. 

16. Lu, J., Chen, S. J., & Li, B. (2017). Pathway-Based 

Approaches for Analysis of Genome-Wide 

Association Studies -A Case Report for Metastatic 

Small Cell Lung Cancer. International Journal of 

Hematology and Therapy, 3(2):1-7. 

 

 

 



 
Wenqin Li et al., Sch Int J Biochem, March 2019; 2(3): 57-78 

© 2019 |Published by Scholars Middle East Publishers, Dubai, United Arab Emirates  70 

 

Table-1 
Gene symbol Gene name Renal vs Non-renal Lupus vs Control 

Fold- Change (Log2) q value Fold-Change (Log2) q value 

OLFM4 olfactomedin 4 1.8 0.16 1.19 0.717 

CEACAM6 carcinoembryonic antigen-related cell adhesion molecule 6 1.72 0.16 1.04 0.722 

CEACAM8 carcinoembryonic antigen-related cell adhesion molecule 8 1.63 0.172 1.22 0.692 

MMP8 matrix metallopeptidase 8 1.6 0.184 1.7 0.417 

LTF lactotransferrin 1.58 0.172 1.04 0.773 

DEFA4 defensin, alpha 4 1.46 0.16 0.97 0.661 

DEFA3/1 defensin, alpha 3/1 1.43 0.238 1.79 0.475 

DAAM2 dishevelled associated activator of morphogenesis 2 1.43 0.16 0.04 0.997 

CNTNAP3 contactin associated protein-like 3 1.32 0.155 -1.18 0.188 

MS4A3 membrane-spanning 4-domains, subfamily A, member 3 1.27 0.165 0.96 0.657 

ARG1 arginase 1 1.25 0.17 0.19 0.989 

MPO myeloperoxidase 1.23 0.16 0.57 0.826 

ABCA13 ATP-binding cassette, subfamily A, member 13 1.19 0.16 0.84 0.621 

CA1 carbonic anhydrase 1 1.13 0.181 0.12 0.996 

IFIT1B interferon-induced protein with tetratricopeptide repeats 1B 1.12 0.178 0.11 0.996 

CRISP3 cysteine-rich secretory protein 3 1.12 0.17 0.61 0.835 

LCN2 lipocalin 2 1.1 0.181 0.8 0.724 

BPI bactericidal/permeability increasing protein 1.09 0.191 0.61 0.871 

XK X-linked K gene, Kell blood group 1.08 0.167 -0.02 0.999 

CNTNAP3B contactin associated protein-like 3B 1.05 0.155 -0.92 0.229 

ARHGEF12 Rho guanine nucleotide exchange factor 12 1 0.16 0.02 0.999 

 

Table-2 
source target Interaction 

INS INSR + 

INSR IRS + 

IGF INSR + 

INSR IRS + 

IRS PI3K + 

PIP3 PDK1 + 

PDK1 AKT + 

AKT TSC1/2 - 

TSC1/2 Rheb - 

Rheb mTORC1 + 

mTORC1 HIF1-alpha + 

HIF1-alpha VEGF + 

mTORC1 S6K1/2 + 

S6K1/2 elF4B + 

S6K1/2 S6 + 

mTORC1 4E-BP1 - 

4E-BP1 elF4E1 - 

mTORC1 ATG1 - 

Rapamycin mTORC1 - 

mTORC1 PKC + 

BRAF mTORC1 - 

Stress LKB1/STRAND/MO25 + 

LKB1/STRAND/MO25 AMPK + 

AMPK TSC1/2 + 

TNF-alpha IKK + 

IKK TSC1/2 - 

AMP AMPK + 

Metformin AMPK + 

AICAR AMPK + 

Hypoxia REDD1 + 

REDD1 TSC1/2 + 

INS INSR + 

INSR Ras + 

IGF INSR + 

INSR Ras + 
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Table-3 
source target Interaction 

IL6 gp130 + 

gp130 JAK + 

JAK STAT3 + 

STAT3 ISRE/GAS + 

STAT6 ISRE/GAS + 

ISRE/GAS Inflammation + 

SHP1 JAK - 

JAK gp130 + 

PIAS STAT3 - 

SUMO STAT3 - 

PTP STAT3 - 

ISRE/GAS SOCS3 + 

SOCS3 JAK - 

INF JAK + 

JAK STAT1 + 

STAT1 ISRE/GAS + 

STAT3 STAT1 + 

STAT6 STAT1 + 

TNF TNFR + 

TNFR TRADD/TRAF2/5 + 

TRADD/TRAF2/5 RIP + 

A20 TRAF6 - 

A20 RIP - 

CYLD RAF2/5 - 

CYLD IKK - 

IL1 IL1R + 

IL1R IRAK1/4/TRAF2/6 + 

IRAK1/4/TRAF2/6 Pellino + 

Pellino TRAF6 + 

TRAF6 TAB2/TAB1/TAK1 + 

TAB2/TAB1/TAK1 IKK + 

IKK NF-KB + 

NF-KB Inflammation + 

Hypoxia HIF1-alpha + 

HIF1-alpha NF-KB - 

HIF1-alpha Inflammation + 

 

Table-4 
Source targeting interaction 

M1 T_cell + 

T_cell T_TfH + 

T_TfH BCL6_IL21 + 

T_cell IL12_IFN_gamma + 

IL12_IFN_gamma Th1 + 

Th1 IL2_IFN_gamma_TNF_alpha + 

IL2_IFN_gamma_TNF_alpha Autoimmunity + 

IL2_IFN_gamma_TNF_alpha Cellular_immunity + 

T_cell IL6_TGF_beta + 

IL6_TGF_beta Th17 + 

Th17 IL17 + 

IL17 Autoimmune_process + 

Th17 Yang + 

GM_CSF M2 + 

M2 T_cell + 

T_cell IL12_TGF_beta + 

nTreg IL10_IL35_TGF_beta + 

T_cell IL2_IL4 + 

IL2_IL4 Th2 + 

Th2 IL4_IL5_IL13 + 

IL4_IL5_IL13 Immuno_complex + 

IL10_IL35_TGF_beta iTreg + 

iTreg M1 + 

iTreg IL10_TGF_beta + 

IL10_TGF_beta immune_regulation + 

IL10_TGF_beta Yin + 
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laboratory results. our final purpose is that the feasible 

module can be used MD to prescribe drugs according to 

personal genomics information, patient symptom, 

different lab results.  

 

MATERIALS AND METHODS 

Clinical Genomic Sources 

There are several public LN genomic databases 

published in Gene Expression Omnibus (GEO). After 

these database in GEO are carefully studied (all studies 

of LN public genomic database were omitted here), we 

mainly select GSE99967 from GEO for our study model 

even if combination was used to other information from 

the LN genomics such as GWAS and other information. 

The GES99967 have used Affymetrix Human Gene 2.0 

ST Array to study LN genomics [3]. Furthermore, these 

public GEO databases have three advantages and 

characteristics over than other LN genomic data: (1) 

RNA was isolated from whole peripheral blood of 

active SLE patients (systemic lupus erythematosus) 

with their transcriptomic profiling including LN 

patients; (2) clinical criteria from patients follow up 4 or 

more of the revised in 1997 by American College of 

Rheumatology; (3) 38 patients with 17 controls 

including active patients with and without LN which 

can be used to identify potential genomic expression 

signature (GES).  

 

Topology analysis for personalized therapy modeling 

After we analyzed the GEO database to 

combine other information such as GWAS, if we want 

to study a disease network, as our previous reports [4], 

we should first study this disease topology model. In 

details, the specific GES (Supplemental Table-1) was 

input into Cytoscape to observe abnormal expression 

from these disease genomic characteristics. Based on 

our previous publications, we selected three indexes, 

Betweenness Centrality (BC) which is short pathway 

between two proteins (node), Connectivity Degree (CD) 

which is a protein linking other protein number and 

Cluster Coefficient (CC), which means side-way to a 

protein. Furthermore, the topology formula selected in 

the network combined to mTORC pathway 

(Supplemental Table-2), which is an acute and chronic 

kidney disease, lay the foundation for the establishment 

of an operational therapeutic targets.  

 

After we studied the GES topology, the 

modified gene expression profile is also input into a 

drug-bank in the Drug Genomic Interaction Database 

(DGIdb) to define targeted therapeutic drug and the 

targeting molecule [5]. As our previous researches, we 

also study an index from each compound with higher 

BC and lower CC and CD. These targets indicate as a 

higher targeting for abnormal cells with a lower toxicity 

for normal cells. Eventually, a list of compounds from 

drug-bank is established to link genes, especially 

including FDA-approved drug and molecular 

therapeutic antibodies and small molecule therapeutics 

and radiation molecules. This led to the establishment of 

configuration maps and drug response networks based 

on the abnormal genome expression characteristics 

obtained from LN. 

 

Topology analysis for modern medicine treatment  

According to several decades efforts from 

different laboratories, three pathways (Supplemental 

Table-3) have been discovered for chronic 

inflammatory response networks, those are, nuclear 

factor kappa-light-chain-enhancer of activated B cells 

pathway (NF-κB), hypoxia-inducible factors-1 alpha 

(HIF-1α) pathway and signal transducer and activator 

of transcription (STAT) pathway [6]. When patients 

become chronic inflammation such as LN, the three 

pathways with their transcriptional factors will become 

major factors to involve in the diseases.   

 

Moreover, routine clinical health care focus on 

a corticosteroid (such as prednisone), or suppress 

immune system such as cyclophosphamide, 

mycophenolate mofetil or hydroxychloroquine for 

people who have LN diseases. Because most of LN 

have high blood pressure, Lupus nephritis can cause 

high blood pressure in some people. We may need more 

than one kind of medicine to control patient blood 

pressure including ACE inhibitors, diuretics, beta 

blockers or calcium channel blockers. The ACE 

inhibitors and other drugs may help protect your 

kidneys, and diuretics help your kidneys remove fluid 

from your body. Accordingly, all medication related to 

their molecules and cytokines regarding immune 

suppress and anti-high-blood pressure were established 

a linker into the three pathways with their 

transcriptional factors as described above.   

 

We apply for the list of drugs with targeting 

genes to combine into the network including three 

pathways and a list of drugs to administer their 

treatment. Finally, genes with their drugs still require 

higher BC with lower CC and CD to establish 

medication module and drug response networks based 

on LN. 

 

Topology analysis for traditional Chinese Medicine  

Zhuangzi (1020–1078 AD), a famous 

Chinese philosopher, had interpreted that there are two 

elements: ―Yin‖ and ―Yang‖ establish a material force 

in the universe [7]. According to the famous Chinese 

philosophy: ―Yang‖ and ―Yin‖ interact each other to 

complete a ―Great Ultimate‖ also called as ―Tai-chi 

diagram‖. As current researches, Yang, the ―hot‖ point 

is inflammation peak (enlargement of yang area) and 

Yin, ―cool‖ point is regulatory of inflammation 

(enlargement of yin area). After several decades efforts, 

inflammation pathways regarding cytokines have been 

extensively studied in the ―Tai-chi diagram‖ [8] so that 

we set up topology analysis from inflammation 

regulation and autoimmune response including 

cytokines expression in Yin and Yang (Supplemental 

Table-4).  
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Abstract  

 

The damage caused by the lupus nephritis to the patient's kidney was very little studied for treatment module; however, 

we have the understanding the disease involving in the kidneys by an immune complex glomerulonephritis. Human 

genomics have been decoded since 2004, it should give clinical scientists and medical doctors a new scenery to develop 

some new treatment modules to cure these kinds of patients. Here we used a group of genomic data from lupus nephritis 

to combine the modern medicine knowledge and Traditional Chinese Medicine (TCM) so that an integration module will 

be subject to the clinical field. The integration model is primarily relied on a comprehensive regulation mechanism of 

system biology including network, topology and gene-drug interaction database. In this manual we first study the role 

using genomic expression signature from several databases of clinical lupus nephritis, and then we combine current 

medications with their immune suppress treatment and TCM with their theory and medication in order that the 

integration model was eventually established. In near future, we will extend a second-generation model based on the 

module by using a set of clinical genomic data from different patients such as individual patient genomic data, each 

patient symptom, laboratory results. 

Keywords: Lupus nephritis, gene expression signature, topology, integration medicine, traditional Chinese medicine, 

personalized therapy. 
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INTRODUCTION 

The lupus nephritis (LN) is a severe kidney 

disease caused by an immune complex which results in 

glomerulonephritis [1]. The disease will finally develop 

renal function failure but very little measurement to 

control the disease deterioration [2]. Since 2004 when 

human genomics are decoded, it gives an expectation for 

clinical scientists and medical doctors to treat the 

uncured disease suffered by patients. Furthermore, 

because traditional Chinese medicine (TCM) has several 

thousand’s years practice to treat the uncured disease, it 

will be possible that recent LN studies have been largely 

reported by mechanism of ―Yin‖ and ―Yang‖ related to 

T-cells and cytokines regulation in TCM. Moreover, 

immune suppress medication has been increasingly 

studied by their cytokines and gene regulation to treat 

the disease. Foremost, system biology and gene-drug 

interaction databases are emerging, an integration model 

based on genomics will be possible for combination 

employment of different medication methods in clinics.  

 

Since the integration model is primarily 

developed by a group of genomic data, here we first 

studied several genomic databases from LN to develop a 

module for the integration model. Secondly, some 

comprehensive pathways are studied to LN network 

mechanism so that we further set up a network 

construction by genomic expression signature obtained 

from public GEO database. Finally, we combine LN 

networks with their medicine treatment and LN related 

to cytokine regulation with their TCM medication, and 

thereby this integration modeling will be a combination 

to treat Lupus Nephritis (LN) from different 

mythologies. They should better than lonely method to 

treat LN such as only immune suppress to treat LN or 

by only TCM to administer LN. This study will 

improve our understanding of LN system biology in 

the uncured disease. The manual purpose will provide 

a foundation for effective treatment to administer 

these kinds of uncured diseases. In near future, we will 

continue to develop second-generation module with a set 

of clinical genomic data from different patients and their 

information relied on each patient symptom and 


