
Gene Expression of Early Growth Response Protein 1 in INS-1 Pancreatic 
β-cells Treated with Allomyrina dichotoma Hemolymph

Kisang Kwon1, Eun-Ryeong Lee2 and O-Yu Kwon3*

1
Department of Clinical Laboratory Science, Wonkwang Health Science University, Iksan 54538, Korea

2
Department of Biomedical Laboratory Science, College of Health & Welfare, Kyungwoon University, Kyungpook 39160, Korea

3Department of Anatomy & Cell Biology, College of Medicine, Chungnam National University, Daejeon 35015, Korea 

Received September 11, 2020 /Revised September 14, 2020 /Accepted December 28, 2020

We have investigated the expression of early growth response protein 1 (EGR1) in INS-1 pancreatic 
β-cells treated with Allomyrina dichotoma hemolymph. The Korean rhinoceros beetle, A. dichotoma 
(Coleoptera: Scarabaeidae), is important in the insect industry for medical applications. We have al-
ready established a method for purification of A. dichotoma hemolymph that can be used in many 
experiments. EGR1 is reported as a multifunctional transcription factor that is implicated in virus 
infections. EGR1 has therefore been revealed as a major mediator and regulator in the physiological 
and pathological conditions of several cell and tissue types. New findings in this study are that A. 
dichotoma hemolymph, which promotes a dose- and time-dependent upregulation of EGR1 gene ex-
pression, shows an enhancement of this gene expression when combined with hypothermia or endo-
plasmic reticulum (ER) stress. These results suggest that A. dichotoma hemolymph may provide clues 
to EGR1-associated disease therapies involving gene regulation of EGR1.
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Introduction

In insects, hemolymph is a circulation fluid within the 

body cavity, functionally analogous to the blood and lymph 

in vertebrates [12]. It comprises certain kinds of hemocytes 

and many proteins including hormones and small peptides, 

providing various biologically crucial properties such as pro-

tection against invading microorganisms, wound therapy, 

regulation of developmental timing, metamorphosis, metab-

olism, growth, reproduction, and determination of behavior 

patterns [10, 11]. There is a growing interest, especially 

among pharmaceutical companies, in using insect hemo-

lymph with various functional substances in the develop-

ment of new drugs to improve human health and possibly 

the health of other mammals [21]. The Korean rhinoceros 

beetles (Allomyrina dichotoma) used in this study are regarded 

as a traditionally medicine for liver-related diseases in Korea, 

and is one of the most economically significant insect species 

[5, 13]. We have recently established the collection of mass 

hemolymph without contamination and melanization for the 

development of new drugs [12, 15]. 

Early growth response protein 1 (EGR1) is one of the 

mammalian transcription factors, which also known as 

NGFI-A, Krox-24, TIS8, and Zif268. EGR1 has the common 

regions of three cysteine2-histidine2 (C2H2) zinc fingers 

DNA-binding domains [1, 8]. EGR1 shows essential func-

tions for several physiological processes including synaptic 

plasticity, wound repair, inflammation, and differentiation 

[3, 17]. Disorders for the EGR1 gene are involved in various 

diseases such as acute myeloid leukemia, chronic myeloge-

nous leukemia, chronic lymphocytic leukemia, multiple 

myeloma, and B cell lymphoma (https://www.omim.org/ 

entry/128990?search=EGR1&highlight=egr1) [9]. Here, we 

have tested the upregulation of EGR-1 gene in A. dichotoma 

hemolymph-treated INS-1 pancreatic β-cells.

Materials and Methods

Hemolymph used in this experiment was extracted from 

a healthy third-instar larva of A. dichotoma. The collected he-

molymph was incubated for five minutes with 5 ml of 

thrombin to 500 ml of hemolymph at room temperature. To 

remove the insoluble matters including several kinds of 
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blood cells, the hemolymph was centrifuged for five minutes 

at 11,000 × g at 4℃. After filtering through 0.22 mm syringe 

filter, the supernatant was divided and stored at -70℃ until 

the next experiment. The concentration of final protein was 

2.5 mg/ml measured by Bio-Rad protein assay kit. INS-1 

pancreatic β-cells were cultured in RPMI-1640, supple-

mented with 10% fetal calf serum (Gibco BRL, Gaithersburg, 

MD), 100 U/ml penicillin, 100 μg/ml streptomycin, 2 mM/ 

ml L-glutamine, 10 mM/ml HEPES, 1 mM/ml sodium pyr-

uvate, and 50 mM/ml 2-mercaptoethanol, in a humidified 

atmosphere (5% CO2, 37℃). After 5 days of culture, cells 

were used for the various experiments. All chemicals were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). The 

estimation of total RNA quality was by Agilent’s 2,100 

Bioanalyzer System (Santa Clara, CA, USA). Analysis of 

identifies genes that are differentially expressed was by 

Agilent’s Gene Expression Hybridization Kit, Scan and im-

age analysis was by Agilent’s DNA microarray scanner and 

DNA analysis was by Agilent’s GeneSpring Software. All 

processes were done according to the manufacturer’s in-

structions. Total RNA was extracted using the SV Total RNA 

Isolation System (Promega, Madison, WI, USA). The mRNA 

in the samples was reverse-transcribed using a SuperscriptII

™ First Strand Kit (Invitrogen Carlsbad, CA, USA). The re-

sulting cDNA was amplified by reverse transcription poly-

merase chain reaction (RT-PCR) using the primer pairs 

mouse actin F (5'-GAAATCCACCAAAGCTCAC-3') and R 

(5'-TCTCGGTCAAGTTCAACATC-3') and EGR1 F (5’-AAC 

ACTTTGTGGCCTGAACC-3') and EGR1 R (5'-AGGTCTC 

CCTGTTGTTGG-3'). RT-PCR conditions for 30 cycles were: 

95℃ for 30 seconds; 56℃ for 30 seconds; and 72℃ for 2 mi-

nutes (10 minutes in the final cycle), using both primers 

mentioned above with Taq DNA polymerase. 

Results and Discussion

In this study, we have first tested the DNA chip experi-

ment to determine what kinds of genes are differentially 

regulated by A. dichotoma hemolymph in INS-1 pancreatic 

β-cells. Everything used in the microarray analysis was 

Agilent company’s system described above. As shown in 

Fig. 1A, the gene expression of EGR-1 is approximately five 

folds up-regulated on the transcriptional level in the cDNA 

microarray experiment. In the same condition, treatment of 

5% hemolymph for two hr, EGR1 gene expression was con-

firmed by RT-PCR, also the accolated resulting of EGR1 gene 

expression is shown in Fig. 1B. And then we chose EGR1 

as a target gene of the following experiments. As a next step, 

we tested the effect of dialysis on the regulation of EGR1 

gene expression by hemolymph. One dialyzed-hemolymph 

(5% hemolymph for 2 hr) enhanced more upregulation of 

EGR1 gene expression than raw hemolymph (Fig. 1C). 

Especially, when the treatment times of 1% and 5% hemo-

lymph were treated for 2 hr and 4 hr, respectively, dialyzed 

hemolymph that increased the expression of EGR1 gene (Fig. 

1D). We suggesting that adjust the acid-base of hemolymph 

to be suitable for culture cells by dialysis. Dialyzed-hemo-

lymph was used for the following experiments.

Gene expression of EGR1 was dose-dependently upregu-

lated on the A. dichotoma hemolymph for 2 hr exposure. 

EGR1 gene expression showed higher expression than its 

control from the addition of 3% hemolymph (Fig. 2A). Con-

versely, the treatment time of 5% A. dichotoma hemolymph 

was observed to enhance EGR1 gene expression from 0.5 

hr (Fig. 2B). The results of Fig. 2A and Fig. 2B indicate that 

gene expression of ERG1 was upregulated in dose- and 

time-dependent of hemolymph treatment. It is recently rec-

ognized that hypothermia is effective therapy for clinical 

treatment. To understand the possibility of hypothermia 

treatment through the regulation of EGR1 gene expression, 

INS-1 pancreatic β-cells were incubated at 32℃ for one, two, 

and four hours with 5% A. dichotoma hemolymph. As shown 

in Fig. 2C, remarkable upregulation of EGR1 gene expression 

by hypothermia treatment was observed through the all 

treatment time. Thus, the effect of hypothermia was strongly 

suggested to be mainly associated with the regulation of 

EGR1 gene expression, which may provide a clue to the de-

velopment of EGR1 gene associated disease therapies. It was 

reported that induction of EGR1 expression is stimulated by 

endoplasmic reticulum (ER) stress through extracellular 

regulated kinase arm of the mitogen-activated protein kinase 

pathways [19]. Another interesting result is that EGR1 im-

proves the insulin/ Akt signal, protecting pancreatic β-cells 

from ER stress and apoptosis [4]. We have studied the regu-

lation of EGR1 gene expression by ER stress using ER stress 

inducible drug of calcium ionophore A23187. The result is 

that EGR1 gene expression is only upregulated by relatively 

weak (1 mg/ml) ER stress rather than strong (5 mg/ml) (Fig. 

2D). In many recent studies, natural products have shown 

potential in regulating ER stress in different cancer cell lines. 

Reconceptualization of the molecules which modulates ER 

stress associated factors will lead to advances in unfolded 
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Fig. 1. A. dichotoma hemolymph enhances EGR1 gene expression in the INS-1 pancreatic β-cells. (A) The result of the microarray 

analysis. Typical examples of increasing/decreasing in gene expression are boxed, among them EGR1 was confirmed by 

the RT-PCR (B). (C and D) Dialysis effect for the EGR1 gene expression. Data were presented as means ± SD from at least 

three independent experiments. 

A B

C D

Fig. 2. EGR1 gene expression by different conditions 

of A. dichotoma hemolymph in the INS-1 pan-

creatic β-cells. (A) Dose dependent effect of 

A. dichotoma hemolymph for EGR1 gene 

expression. (B) Time dependent effect of A. 

dichotoma hemolymph for EGR1 gene ex-

pression. (C) Hypothermia effect on EGR1 

gene expression. (B) ER stress effect on EGR1 

gene expression.

protein response (UPR) therapy [6, 20]. These results suggest 

that mild ER stress regulates gene expression of EGR1, 

which may offer a possibility for the EGR1 associated dis-

ease therapies with A. dichotoma hemolymph using together.

In some recent results, edible insect extracts have been 

demonstrated to promote the activity of several factors that 

positively affect liver disease improvement [2, 10, 14, 16]. 

Our results also provide an insight to the development of 

EGR1-related disease therapies through gene expression reg-

ulation of EGR1 using A. dichotoma hemolymph combined 

with mild ER stress [4, 7, 18, 19]. A. dichotoma hemolymph 

may be considered one of the natural drugs for the UPR 

treatment.
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록：췌장 β-세포에서 Allomyrina dichotoma 림  처리에 의한 EGR1유 자 발

권기상1․이은령2․권오유3*

(1원광보건대학교 임상병리학과, 2경운대학교 임상병리학과, 3충남대학교 해부학교실)

INS-1 췌장 β 세포에서 Allomyrina dichotoma 혈림프 처리에 의한 early growth response protein 1 (EGR1) 유전

자 발현을 조사되었다. 이 연구에서 새로운 발견은 EGR1 유전자 발현을 A. dichotoma 혈림프의 용량 및 시간 의존

적으로 상향 조절하는것과 혈림프와 병행한 저체온효과 또는 소포체(endoplasmic reticulum, ER) 스트레스에 의

해서도 유전자 발현이 상승하였다. A. dichotoma 혈림프가 EGR1의 유전자발현을 상승 조절을 할 수 있기 때문에, 

EGR1 관련 질병 치료 및 예방의 실마리를 제공 할 수 있을 가능성을 시사한다.
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