Supplemental material

Figure S1. Serum hyaluronan levels correlate to warning signs and severity of
dengue. (a) Schematic illustration showing that the dengue virus infected persons
with clinical symptoms in our cohort can be categorized into patients without warning
signs (WS) and with WS. All patients with severe dengue (n=15) had WS. (b-c)
Serum hyaluronan levels are inversely correlated to nadir PLT counts (b, n = 108)
and positively correlated to NS1 plasma concentrations (c, n = 182). (d) Serum
hyaluronan levels in patients with or without diabetes in febrile and critical phases. (e)
Discriminating performance of hyaluronan by ROC curve analysis to distinguish
patients with WS from those without. (f) The 108 patients were categorized into four
quartiles according to the ranking of their febrile phase serum hyaluronan levels, and
compared to the development of WS (left), moderate and severe thrombocytopenia

(PLT < 50 000/μl) (left middle), hematocrit level increasing more than 20% (middle),
hypoalbuminemia (right middle), and occurrence of pleural effusion or ascites (right).
PLT, platelets; Hct, hematocrit.

Figure S2. Structure of recombinant NS1, and effects on cell viability and
hyaluronan synthases. (a) The recombinant NS1 protein used in present study was
subjected to SDS-PAGE and immunoblotting using an anti-NS1 antibody. Monomer
(40 kDa), dimer (80 kDa) and hexamer (240 kDa) are seen. (b, d) Viability assay was
performed by fluorescein diacetate /propidium iodide staining in dermal fibroblasts (b)
and in proliferating endothelial cells (d). Data from representative experiments out
three experiments performed, is shown. (c) Time course analysis of HAS2 mRNA
expression in dermal fibroblast cultures upon stimulation with NS1. (e) Time course
analysis of HAS1, 2, 3 mRNA expressions in proliferative microvascular endothelial
cells after stimulation with NS1. (f) Cell lysates from NS1 treated or untreated
proliferative microvascular endothelial cells, were subjected to SDS-PAGE followed by
immunoblotting for HAS2. GAPDH was used as loading control and immunoreactive
bands were quantified by ImageJ. The quantification is based on results from three
independent experiments. In (c, e, f), data are presented as mean ± SEM. * p < 0.05.

Figure S3. NS1-treatment of dermal fibroblasts and microvascular endothelial
cells enhances synthesis and alters organization of hyaluronan. (a) An expanded
version of Figure 2d, e with the channels shown separately; hyaluronan (green), CD44
(red) and nuclei (blue). Pictures shown in the column marked with “Zoom” are enlarged
photos of areas marked by dashed lines in column “Merge”. Yellowish color indicates

co-localization of hyaluronan (green) and CD44 (red). Scale bar, 10 µm. (b) Fibrous
hyaluronan cables longer than 20 µm were quantified in each high-power (63x) field.
The graphs show the percentage of fields (30 fields were quantified for NS1-treated or
non-treated fibroblasts from 3 independent experiments) with more than 21 cables, 1120 cables, or less than 10 cables. (c) Hyaluronan signal intensity was quantified from
30 randomly taken high-power field pictures (from 3 independent experiments using
TIME cells). Graph shows the arbitrary units (a.u.) measured by ImageJ. (d) The
specificity for hyaluronan staining was verified by saturation of b-HABP with excess of
hyaluronan prior its addition to fibroblasts and endothelial cells, leading to abrogation
of hyaluronan staining. Hyaluronan (green), CD44 (red) and nuclei (blue). Scale bar,
10 µm. ** p < 0.01.

Figure S4. Total VE-cadherin protein is not affected by hyaluronan treatment,
depletion of CD44, NS1 treatment, or combinations thereof.
Microvascular endothelial cells, depleted of or expressing CD44, seeded on Matrigelcoated 12-well plates, were treated or not with hyaluronan, NS1, Hermes1, or
Streptomyces hyaluronidase, then lysed and subjected to SDS-PAGE.
Immunoblotting was performed with antibodies against VE-cadherin, CD44, and
GAPDH. The efficacy of CD44 knockdown is shown. The lower panel shows the
quantification of three independent experiments.

Figure S5. (a-b) Quantification of actin fibers longer than 50 µm (a) or thicker than 1
µm (b) in each high-power field. *** p < 0.001. (See also Figure 6).

Supplementary Table S1. Clinical characteristics and laboratory data of patients with
or without warning signs (mean and range) in the cohort.
Warning signs
Negative
(n=42)

Positive
(n=66)
Not severe dengue
Severe dengue
(n=51)
(n=15)

Demographic data
Age (years)

53 (26-90)

62 (22-88)

68 (41-84)

0.6 (0.002-10.6)

2.4 (0.016-11.4)

4.7 (0.122-13.5)

4359 (1610-8770)

5048 (1340-11430)

5451 (1740-9910)

148 (22-256)

128 (12-289)

90 (10-291)

Albumin (mg/ml)

38 (31-47)

35 (25-44)

29 (22-39)

AST (IU/L)

51 (15-238)

105 (24-684)

145 (30-386)

ALT (IU/L)

36 (11-134)

71 (14-550)

104 (17-342)

Hyaluronan (µg/ml)

2.0 (0.006-13.4)

4.7 (0.027-13.2)

8.3 (1.365-21.3)

Hematocrit change (%)

16.3 (0.2-45.8)

21.1 (2.6-59.4)

39.8 (7.9-106.3)

Laboratory data
Febrile phase
Hyaluronan (µg/ml)
WBC (/µl)
Platelet (x1000/µl)

Critical phase

Abbreviations: WBC, white blood cells; AST, aspartate aminotransferase; ALT, alanine aminotransferase

Supplementary Table S2. Primers, probes and antibodies used in this study.
For dengue virus RNA detection by RT-PCR
DENV1-F
5’-CAAAAGGAAGTCGYGCAATA-3’
DENV1-R
5’-CTGAGTGAATTCTCTCTGCTRAAC-3’
DENV1-P
5’-CATGTGGYTGGGAGCRCGC-3’
DENV2-F
5’-CAGGCTATGGCACYGTCACGAT-3’
DENV2-R
5’-CCATYTGCAGCARCACCATCTC-3’
DENV2-P
5’-CTCYCCRAGAACGGGCCTCGACTTCAA-3’
DENV3-F
5’-GGACTRGACACACGCACCCA-3’
DENV3-R
5’-CATGTCTCTACCTTCTCGACTTGYCT-3’
DENV3-P
5’-ACCTGGATGTCGGCTGAAGGAGCTTG-3’
DENV4-F
5’-TTGTCCTAATGATGCTRGTCG-3’
DENV4-R
5’-TCCACCYGAGACTCCTTCCA-3’
DENV4-P
5’-TYCCTACYCCTACGCATCGCATTCCG-3’
For human cells mRNA expression level analysis
HAS1-F
5’-GGAATAACCTCTTGCAGCAGTTTC-3’
HAS1-R
5’-GCCGGTCATCCCCAAAAG-3’
HAS2-F
5’-TCGCAACACGTAACGCAAT-3’
HAS2-R
5’-ACTTCTCTTTTTCCACCCCATTT-3’
HAS3-F
5’-AACAAGTACGACTCATGGATTTCCT-3’
HAS3-R
5’-GCCCGCTCCACGTTGA-3’
HYAL1-F
5’-GATGTCAGTGTCTTCGATGTGGTA-3’
HYAL1-R
5’-GGGAGCTATAGAAAATTGTCATGTCA-3’
HYAL2-F
5’-CTAATGAGGGTTTTGTGAACCAGAATAT-3’
HYAL2-R
5’-GCAGAATCGAAGCGTGGATAC-3’
CD44-F
5’-AAGACATCTACCCCAGCAAC-3’
CD44-R
5’-CCAAGATGATCAGCCATTCTGG-3’
TLR4-F
5’-AGGATGATGCCAGGATGATGTC-3’
TLR4-R
5’-TCAGGTCCAGGTTCTTGGTTGAG-3’
GAPDH-F
5’-CCCATGTTCGTCATGGGTGT-3’
GAPDH-R
5’-TGGTCATGAGTCCTTCCACGATA-3’
F, forward; R, reverse; P, probe
Antibodies
Antibody
NS1
CD44 (H3)
p-p65
Total p65
p-p38
Total p38
p-Erk 1/2
Total Erk
p-Akt
Total Akt
HAS2
HYAL2
VE-Cadherin
GAPDH

Source
Rabbit
Mice
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Rabbit
Mice
Rabbit
Mice
Rabbit

Supplier
Genetex
S. Jalkanen, Finland
CST
CST
CST
CST
CST
CST
CST
CST
Santa Cruz
Abcam
Genetex
CST

Dilution
1:500
1:7 000
1:1 000
1:1 000
1:1 000
1:1 000
1:1 000
1:1 000
1:1 000
1:1 000
1:100
1:1 000
1:1 000
1:20 000

Cat. No.
GTX124280
--3033
8242
9211
9212
4370
4695
4060
2920
sc-514737
Ab68608
GTX633705
5174

RRID
AB_11171351
--AB_331284
AB_10859369
AB_331641
AB_330713
AB_2315112
AB_390779
AB_2315049
AB_1147620
AB_2753202
AB_1523803
--AB_10622025

