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Heparin inhibits dengue-2 virus infection of five human liver
cell lines
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Abstract

Liver is suggested to be the major target of dengue virus infection and plays an important role in the

immunopathogenesis of dengue hemorrhagic fever. Previously, we reported that five human liver cell lines (HuH-7,

HA22T, Hep3B, PLC, and Chang liver) with various degrees of differentiation and tumorigenicity showed different

susceptibility for dengue virus infection. Here, we demonstrate that heparin, an analogue of heparan sulfate (HS), can

compete with HS on cell membrane for virus binding and subsequently inhibits the replication of dengue-2 and

Japanese encephalitis viruses in hepatoma and BHK-21 cells, respectively. It indicates that the binding of these viruses

with HS is an important process for their invasion. Moreover, the inhibitory effect of heparin correlates with the

infectivity of the virus in the cells. All together, our results suggest that HS is an important host component for dengue

and Japanese encephalitis virus replication, which can be effectively blocked by heparin. # 2002 Elsevier Science B.V.

All rights reserved.
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Patients with dengue virus infection show a wide

range of clinical symptoms, from mild fever to life-

threatening hemorrhagic fever and/or shock syn-

drome (DHF/DSS) (Halstead, 1989). Clinical ob-

servations and mouse models have confirmed that

the liver is the site of dengue virus pathogenesis

and might be one of the important targets for

dengue virus infection (Halstead, 1989; An et al.,

1999; Couvelard et al., 1999). In addition, we have

demonstrated that dengue-2 virus can replicate

and cause evident cytopathic effects (CPE) in

different liver cell lines (Lin et al., 2000c).

Binding of virus to the target cell is a critical

factor in determining the tissue tropism and

pathogenesis of the virus. It has been reported

that dengue virus binds to heparan sulfate (HS), a

highly sulfated glycosaminoglycans, as a high

affinity receptor on the cell membrane before

entering the cells (Chen et al., 1997; Marks et al.,
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2001). HuH-7, a human hepatoma cell line, was

also demonstrated to be dependent on HS for the

initiation binding with dengue viruses (Hilgard

and Stockert 2000). However, an inconsistency

about the necessity of HS for dengue virus was

observed (Beielefeldt-Ohmann et al., 2001). Pre-

viously, we found that dengue-2 virus had higher

replication rates in HuH-7, PLC, Hep3B, and

Chang liver cells, and lower replication rate in

the de-differentiated HA22T cells (Lin et al.,

2000c). Chang liver cell is a non-malignant liver

epithelial cell line of human origin (Matsuguchi et

al., 1990), and the others are human hepatoma cell

lines. To examine HS as a potential receptor for

dengue virus binding to the liver cells, we used

heparin, which is structurally similar to heparan

sulfate, to compete with dengue viruses for binding

to cells. Five liver cell lines were infected with

dengue-2 virus (PL0146 isolated from a patient in

Taiwan) (m.o.i.�/100) on ice for 10 min in the

presence of heparin (100 mg/ml) (Chen et al., 1997).

The infected cells were washed three times with

PBS and cultured in DMEM containing 10% FBS.

Total cellular RNA was extracted at 12, 24 and 36

h p.i. for viral (�/) strand RNA detection by slot

blot analysis. A 419 bp probe representing dengue-

2 virus sequence from 3009 to 3428 (Henchal et al.,

1991) was labeled by asymmetry PCR labeling

(Lin et al., 2000b). Glyceraldehydes-3-phosphate

dehydrogenase (GAPDH) which is constitutively

expressed in cells was used as the internal control

(Lin et al., 2000b). As shown in Fig. 1, heparin

treatment can effectively inhibit dengue-2 virus

replication in five human liver cell lines as well as

in Vero monkey cell lines at 12, 24 and 36 h p.i..

The RNA band intensity from the heparin-treated

sample was dramatically decreased as compared to

the untreated infection, although the band was not

quantified. The same blot was striped and then

hybridized with GAPDH probe to confirm equal

loading (data not shown). These data indicate that

dengue-2 virus utilized heparan sulfate to infect

these cells. We also found that heparin has the

ability to inhibit dengue-2 virus infection of the

endothelial cells ECN304 (data not shown). Col-

lectively, these data strongly support the notion

that dengue-2 virus enters host cells through HS.

To understand the specificity of heparin inhibi-

tion, four types of dengue viruses were examined.

Heparin at various dosages (0.1, 1, 10 and 100 mg/

ml) was mixed with the viruses and used to infect

2�/105 of baby hamster kidney cells (BHK-21).

Fig. 1. Heparin inhibits dengue-2 virus infection of five human liver cell lines. Dengue-2 virus (m.o.i.�/100) mixed with 100 mg/ml of

heparin was used to infect Vero cells (ATCC CCL 81) and five liver cell lines (1�/105) including HA22T (Lin et al., 1982), Hep3B

(ATCC HB-8064), HuH-7 (Nakabayashi et al., 1982), Chang liver (ATCC CCL 13) and PLC (MacNab et al., 1976). Total cellular

RNA was extracted for viral (�/) RNA detection by slot blotting at 12, 24 and 36 h p.i. Glyceraldehydes-3-phosphate dehydrogenase

(GAPDH) was used as the internal control. V: dengue-2 virus; V�/H: dengue-2 virus mixed with heparin.
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Viral titer was determined by plaque assay from

the harvested culture medium 48 h p.i. (Lin et al.,

2000a). Fig. 2A, demonstrates that the titer of the

dengue-2 virus PL0146 strain was significantly

reduced by heparin treatment (IC50: 0.3 mg/ml),

however, the titer of dengue-2 virus New Guinea C

strain was reduced to a lesser extent (IC50: 3 mg/

ml). The suppression level of heparin on dengue

virus type 1, 3 and 4 was less significant compared

to dengue virus type 2 (Fig. 2A) and this seems to

be consistent with poor virus replication in the

cells (data not shown). Japanese encephalitis virus

(JEV), a member of the Flaviviridae family, has

been shown to require HS for viral entry (Su et al.,

2001). We also tested whether heparin could

inhibit the infection of JEV, which showed very

good infectivity in the cultured cells (data not

shown). Fig. 2B shows that heparin inhibited JEV

infection in a dose-dependent fashion. Moreover,

when the sulfate was removed from heparin (DS-

heparin), the inhibitory effect was abolished. This

result clearly demonstrates the importance of

sulfate moiety for the inhibition of heparin (Fig.

2B).

Dengue-2 virus New Guinea C strain showed

lower virus replication rate in tissue culture as

compared to the Taiwan strain PL0146, this

decrease in replication correlates with a decrease

in heparin inhibition. Similarly, dengue-1, -3 and -

4 viruses, which were isolated from patients and

replicated poorly in cells, were less effectively

inhibited by heparin (data not shown). It has

been reported that foot-and mouth disease virus

(FMDV) becomes more virulent after repeated

culturing in BHK cells and correspondingly, the

potential to bind heparin also increased (Escarmis

et al., 1998). Similar mutations are found in the

envelope proteins of Sindbis virus (Klimstra et al.,

1998). Thus, the adaptive mutations of the virus

may increase its binding to cell surface HS in order

to efficiently infect cultured cells. Viruses bound to

heparin may attenuate its virulence in animal

models (Byrnes and Griffin, 2000). Thus, heparin

binding can potentially be utilized as a screening

tool to select mutant virus for future studying in

animal. Collectively, we have demonstrated that

heparin can inhibit dengue-2 virus invasion in

different liver cells. Also, we have shown the

different susceptibility of different types of dengue

viruses to heparin inhibition. Overall, these data

increase our understanding of the interaction

between the virus and the target cell.
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Fig. 2. Heparin inhibits dengue-2 virus and JEV infection, but

not dengue-1, -3 and -4 viruses. Different doses of heparin or

DS-heparin (0.1, 1, 10 and 100 mg/ml) were mixed with the

indicated viruses at 100 m.o.i. to infect BHK-21 cells (ATCC

CCL 10) in the 24-well tray. At 48 h p.i., the culture

supernatant was harvested for plaque assay. The percentage

of virus infection was calculated by dividing the plaque number

of the well in the presence of heparin with the plaque number in

the absence of heparin. (A) Comparing the inhibitory effects of

heparin on different dengue viruses including DEN-1 (766733),

DEN-2 PL0146, DEN-2 (New Guinea C), DEN-3 (739079),

and DEN-4 (H-241). (B) Comparing the inhibitory effects of

heparin and desulfated-heparin on the infection of JEV.
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