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Summary. The pathogenesis of dengue haemorrhagic fever (DHF) is incom-
pletely understood but it has been suggested that various cytokines may have
a role in the process. In this study the profile of the cytokine Transforming
Growth Factor-beta 1 (TGF-31) was investigated in the sera of 79 patients
with various grades of dengue illness and in 21 normal healthy controls. Also,
TGF-B1-specific mMRNA was examined in their peripheral blood mononuclear
cells (PBMC). The results showed that neither TGF-31 protein nor its mMRNA
were detected in healthy controls. In dengue patients, the TGF-31 protein and
its MRNA were detected in 96%. However, among the patient groups, the
levels of TGF-B1 were lowest in patients with dengue fever (DF; mean value
315 + 95 pg/ml) and were highest in patients with DHF grade IV (mean value
1350 = 280 pg/ml; P=<0.001). The cytokine appeared during the first four
days of illness (304 = 90 pg/ml) and gradually increased, reaching peak levels
(1050 = 215 pg/ml) after the 9th day of the illness. Thus TGF-31 in the sera
and TGF-G1-mRNA in the PBMC were present in most of the patients with
dengue (96%) but the cytokine levels were highest during the later periods of
illness and in patients with DHF grade 1V, suggesting a possible role of TGF-
B1 in the pathogenesis of DHF.
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Dengue virus produces either a mild self-limiting acute
febrile illness, dengue fever (DF), or a life threatening,
severe illness, dengue haemorrhagic fever (DHF). The
characteristic pathological features of DHF are increased
capillary permeability, cerebral oedema, altered number
and functions of leucocytes, increased haematocrit and
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thrombocytopenia (Bhamarapravati 1993; Chaturvedi
et al. 1997). Extensive plasma leakage into various
serous cavities of the body may result in profound
shock and death. Despite extensive studies, the patho-
genesis of DHF is still not fully understood, though
various suggestions have been made to explain the
plasma leakage (reviewed by Halstead 1993; Kurane &
Ennis 1994; Chaturvedi et al. 1997). In a recent study
we observed a shift from a Thl-type to a Th2-type
cytokine response correlating with increasing severity
of the illness, thus indicating a possible role for a
Th2-type response in the pathogenesis of DHF
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(Chaturvedi et al. 1999a). Further, in these patients a
striking correlation was observed between increased
levels of IL-8 and the severity of DHF, with greater
levels in patients with increased grades of the disease
and death (Raghupathy et al. 1998). These results
suggest that these cytokines may play a role in the
pathogenesis of dengue disease and death.

Transforming growth factor-beta (TGF-3) is a multi-
functional polypeptide cytokine that is secreted by a
variety of cells including macrophages, natural killer
cells, Lymphokine-activated killer cells, B cells and both
CD4" and CD8™ T cells. It has multiple immunomodula-
tory effects on various target cells and tissues. It inhibits
proliferation of T and B cells; antagonizes proinflamma-
tory cytokines such as TNF-a and IFN-vy; blocks CTL
activity and inhibits induction of receptors for IL-1 and IL-2
rendering cells unresponsive to these cytokines. In vivo,
TGF-8 inhibits adhesion of T cells and neutrophils to
endothelial cells, inhibits activation of macrophages and
down regulates MHC class Il expression on macro-
phages. It also controls synthesis and degradation of
extracellular matrix in virtually all cell types (reviewed by
Hsuan 1989; Ding et al. 1990; Hernandez-Pando 1997).
TGF-B1 plays a variety of roles in different conditions
therefore it was felt useful to determine the serum levels
of TGF-B1 and TGF-31-mRNA in the peripheral blood
mononuclear cells (PBMC) of patients with dengue hae-
morrhagic fever (DHF). Our results show a direct corre-
lation between the levels of TGF-G1 in serum and the
duration as well as the severity of the illness.

Materials and methods

Cases

An extensive epidemic of dengue and dengue haemor-
rhagic fever occurred in Northern India during August-
November 1996. The study population consisted of
patients suffering from typical dengue-like iliness admitted
to the Gandhi Memorial and Associated Hospitals, Luck-
now and the Paediatrics Department of the All India
Institute of Medical Sciences, New Delhi during this
epidemic. All the patients were examined thoroughly by
a clinician and laboratory investigations were done. At
the time of reporting to the hospital, the clinical presenta-
tion of every patient was recorded, Hess test was per-
formed and haematocrit value and platelet counts were
measured; the last two tests were repeated daily during
the course of their stay in the hospital. In the present
study the grade of the illness at the time of admission,
when the blood was collected has been taken into
consideration. The day of the onset of fever was

considered as the day 0 of the illness and thus the day
of sample collection was calculated for each patient
accordingly. Depending upon the severity of the illness
(clinical presentation) and the findings of haematocrit
and platelet count, they were classified as DF or DHF
grades |, Il, 1l or IV according to the criteria of the World
Health Organization (Nimmannitya 1993). A patient was
labelled as grade | when his haematocrit values were
increased more than 20%; grade Il when he had, in
addition, spontaneous bleeding in skin or other sites;
grade Ill had hypotension and/or narrowing of pulse
pressure to 20mmHg or less, with cold clammy skin
and restlessness (shock); grade IV had undetectable
blood pressure or pulse (profound shock). A total of 79
cases were included in the present study. The ages of
the patients ranged from 8 months to 55 years, 62%
being below 15 years of age. Diagnosis of dengue
virus infection was established either by virus isolation
(Chaturvedi et al. 1978) or by detection of virus-specific
IgM in the sera which was measured using standard
protocol (Gentry et al. 1982); in a number of cases
dengue IgM capture ELISA was also performed using
commercial kits (Pan Bio, East Brishane, Australia). As
controls, 21 normal age-matched healthy individuals,
without history of any febrile or other illnesses in the
previous three months, were included. Among the
patients, 18 were classified as DF, 10 as DHF grade
I, 25 as grade Il, 13 as grade Ill and 13 as grade IV.
Sera collected from the patients (on the 1st to the 18th
day of illness) and the controls were divided into
aliquots (to avoid repeated freezing and thawing) and
quickly frozen and stored at —60°C. For the deter-
mination of cytokine concentration, sera were transported
to Kuwait on dry ice and stored at —70°C until tested.

Assay of TGF-31

Serum TGF-B1 levels were assayed by commercial
ELISA kits (purchased from R & D Systems, Minneapo-
lis, USA) according to the instructions of the manufac-
turer. All the tests were set up in duplicates and the data
was analysed by Genesis Windows Software for
microplate-based assays (Labsystems, Finland). The
minimum detectable concentration by this assay was
7 pg/ml of TGF-B1. The data is presented as mean value
+SD and has been analysed using Students ttest. A
P-value of less than 0.05 was considered significant.

Preparation of peripheral blood mononuclear cells,
mRNA extraction and RT-PCR

Peripheral venous blood was collected in heparinized
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tubes. The peripheral blood mononuclear cells (PBMC),
monocytes and lymphocytes, were separated from the
leucocyte rich plasma on Lymphoprep, density 1.077 g/ml
(Nyegaard & Co., Oslo) as described (Agarwal et al.
1998a, 1998b). mMRNA was extracted from the PBMC of
the patients and the controls and used in RT-PCR for
human cytokines according to the methods described
(Hamida & Mustafa 1998). Briefly, mMRNA from the PBMC
were extracted by using Quick Prep Micro mRNA pur-
ification kit (Pharmacia Biotech, Sweden) according to
the manufacturer’s instructions. First strand cDNA was
synthesized from mRNA by using the first strand cDNA
synthesis kit (Pharmacia Biotech, Sweden) according to
the protocol of the kit manufacturer. PCR was performed
by using the first strand cDNA as the template and the
primers specific for the cytokine TGF-81 (sense-5
ACCACTGCCGCACAACTCCGGTGAC 3’ and antisense-
5 ATCTATGACAAGTTCAAGCAGAGTA 3'). The pri-
mers specific for the house keeping gene, 3-actin (sense-
5TGACGGGGTCACCCACACTGTGCCCATCTA 3" and
antisense-5 CTAGAAGC ATTGCGGTGGACGATGG-
AGGG 3') were used as a positive control. The reagents
of the DNA PCR kit (Perkin-Elmer, Cetus) were used in
amplification reactions according to the manufacturer’s
instructions. The cycling parameters for PCR were dena-
turation at 95°C for 155, annealing at 60°C for 30s and
extention at 72°C for 45s. PCR was performed for 35
cycles followed by additional step of extention at 72°C for
7min and the amplified DNA was analysed by gel
electrophoresis. The DNA bands for -actin (661 bp)
and TGF-G1 (268 bp) were size identified by comparing
with the bands of molecular weight marker DNA. In all the
specimens, the DNA corresponding to §-actin was ampli-
fied suggesting that purified mMRNA was suitable for RT-
PCR. A specimen was considered positive or negative
for TGF-81 mMRNA depending upon the presence or
absence of a DNA band of 268 bp expected size.

Results

Levels of TGF-31 in sera

None of the 21 control sera had detectable levels of TGF-
B1. Among the 79 patients with dengue, 76 (96%) had
TGF-B1 levels above the ‘cut-off value. The findings
presented in Figure 1 show that as compared to DF
patients (mean value of 315 = 95pg/ml) significantly
higher amounts of TGF-31 were detected (P=<0.001)
in the sera of patients with all grades of DHF with peak
levels found in DHF grade IV patients (mean value of
1350 =+ 280 pg/ml). The highest TGF-31 value (2850 pg/ml)
was seen in one patient, aged 5 years, who was bleeding
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Figure 1. Levels of transforming growth factor-g1 (TGF-31) in
cases of dengue. Sera collected from the patients with various
grades of the illness were screened for TGF-31 concentration
by sandwich ELISA using commercial kits. The mean value of
the data (pg/ml) have been presented. n= total number of the
cases in each group.

from the nose when the sample was obtained on the 8th
day of the illness. Absence of TGF-31 was seen in three
patients of DF; their blood samples were collected within
first two days of iliness.

Sera obtained from the patients on different days of the
illness, were grouped between days 1 and 4, between
days 5 and 8 and the day 9 onwards. It was observed that
TGF-31 levels become detectable during the first four
days of iliness and the mean values were 304 = 90 pg/ml, a
higher level (930 = 150 pg/ml) was found on days 5-8
and was then raised to 1050+ 215pg/ml on day 9
onwards (Figure 2); the difference from the initial period
was significant (P=<0.001). The data was further ana-
lysed with respect to the distribution of the patients with
various grades of illness according to the day of the
illness. The data presented in Figure 3(a) show that
during the first four days of the illness the level of TGF-
81 was low in all the patient groups. However, even at
these time points, with DF had the lowest levels
(225 = 100pg/ml) of TGF-B1 while the patients with
DHF grades lll had the highest (450 + 150 pg/ml) level
(though the number was too small and no patient of DHF
grade 1V in this group was available). During the 5—-8-day
period, the levels of TGF-31 was considerably elevated
in all the patient groups with maximum amount of TGF-
B1 detected in the sera of the patients with DHF grade
IV (1440 =320 pg/ml) which were significantly higher
(P=<0.001) than the levels in cases of DF and DHF
grades I to lll (Figure 3b). From the 9th day onwards, the
level of TGF-B1 was significantly reduced in patients with
DF (90 =+ 30 pg/ml) than the levels found in this category
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Figure 2. Amount of TGF-A1 in patients sera (pg/ml) as a
function of the stage of dengue illness. n=total number of
patients in each group.

of patients between days 4-8 (650 = 280 pg/ml; P=
<0.01). Higher levels of TGF-B1 were maintained in the
sera of patients with DHF, with peak levels in patients
with DHF grades Ill and IV (Figure 3c).

RT-PCR for TGF-31 gene expression

TGF-B1 gene expression in PBMC of healthy control
subjects, DF and DHF patients was studied by detection
of TGF-81 mRNA using RT-PCR. The results of a
representative experiment with controls, DF and DHF
grade |, Il, lll and IV patients are given in Figure 4. The
overall results showed that PBMC from none of the
healthy control subjects expressed TGF-B1-mRNA,
whereas 96% of the dengue patients showed evidence
of TGF-B1 gene expression in their PBMC.

Discussion

This study was undertaken to investigate the possible
role of TGF-G1 in the pathogenesis of human dengue
disease. TGF-31 is an important immunoregulatory cyto-
kine but its role in dengue virus infection has not been
studied. A number of reports suggest that TGF-81 has
multiple roles to play in the pathogenesis of viral dis-
eases. It contributes to the production of immunosup-
pression during rat cytomegalovirus (Haagmans et al.
1997) and horse herpes virus type 1 (Charan et al. 1997)
infection; regulation of natural killer (NK) cell and T cell
proliferation during acute lymphocytic choriomeningitis
virus infection (Su et al. 1991); airway inflammation,
fibrosis and dysfunction in parainfluenza virus infection
(Uhl et al. 1996); pathogenesis of HIV(Li et al. 1998);
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Figure 3. Amount of TGF-81 in patients sera (pg/ml) as a
function of the grade and stage of dengue illness. (a) During
days 1-4of the illness; (b) during days 5-8 of illness; (c) from
the day 9 onwards of the illness. n=number of patients in
each group.
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Figure 4. Ethidium bromide-stained agarose gel of PCR products. Detection of the TGF-31-mRNA (arrow corresponding to 268 bp)
amplified from the peripheral blood mononuclear cells (PBMC) of cases of DHF grade IV (Lane 4); grade lll (Lane 3); grade Il (Lane
8); grade | (Lane 5) and DF (Lanes 6); absence of TGF-31-mRNA in the PBMC from a normal healthy control (Lane 7); the 8-actin
(Lane 2) and the TGF-31 bands were size identified by comparing with the bands of molecular weight marker DNA (Lane 1).

hepatitis viruses (Tanaka et al. 1996; Yoo et al. 1996;
Tsai et al. 1997) and Semliki Forest virus (Morris et al.
1997) infections, etc. but has no significant levels in
human influenza A virus infection (Hayden et al. 1998).
TGF-B1 may act as a proinflammatory or anti-inflammatory
cytokine depending upon its concentration, as in the
acute phase it induces secretion of IL-1a and TNF-«
thus trying to control the infection (reviewed by Hernandez-
Pando et al. 1997). However, TGF-( also decreases the
production of free radicals, inhibits receptor expression
and functions of IFN-v, IL-1«, IL-2 and TNF-«, inhibiting
Thl-type of cytokines and enhancing production of Th2-
type of cytokines such as IL-10 (reviewed by Hernandez-
Pando et al. 1997).

In the present study, we have attempted to understand
the role of TGF-B1 in the severity and duration of dengue
illness examining both cytokine protein and mMRNA
levels. Patient’s specimen 1-4 days, 5-8 days and 9
days after onset of illness were used. To account for
TGF-B1 in absence of dengue infection, sera and PBMC
from healthy control subjects were included. The results
demonstrate that elevated levels of TGF-31 were
detected in 96% of the sera from patients with dengue
virus infection but not in the sera of control subjects. The

same percentage of the patients with dengue virus
infection showed evidence TGF-31 gene activation, but
none of the control subjects. These results suggest
activation of TGF-81 gene by dengue virus infection
and secretion of the cytokine. TGF-31 could be produced
by a number of cell types. It is well established that the
principal cells to replicate dengue virus are macrophages
therefore itis likely that they could be a source of TGF-31
in the patients with DHF (reviewed by Chaturvedi et al.
1997).

In the patients infected with dengue virus, both the
severity of disease and the duration of illness were
correlated with the level of TGF-31, i.e. the maximum
levels of TGF-81 were detected in patients with DHF
grade IV and those who had the disease for more than 9
days. Interestingly, in DF patients who have a mild self
limiting disease, the level of TGF-31 was maximum on
days 4-8, and it was significantly reduced (P=<0.001)
by day 9 onwards. In more severely sick patients of DHF
grade lll and 1V, the levels of TGF-31 showed a persis-
tent increase at all time points. There was no significant
difference in TGF-31 levels among the less severely sick
patients with DHF grades | and Il. These results suggest
that TGF-B1 levels correlated with both severity and

© 1999 Blackwell Science Ltd, International Journal of Experimental Pathology, 80, 143—149



148 R. Agarwal et al.

duration of dengue illness. The only other cytokine to
show such high positivity in patients with dengue is
the Cytotoxic Factor (hCF) which is also associated
with the severity of illness but higher levels are seen
during the initial phases (Chaturvedi et al. 1997, 1999a,
b; Agarwal et al. 1998b).

Studies carried out earlier, on the same group of
patients showed a shift from the predominant Thl-type
cytokine response observed in cases of DF to the Th2-
type in severe cases of DHF grade IV. Increased serum
levels of IL-4 and IL-10 were observed mainly in cases of
DHF grades Il and IV. In contrast, the levels of IFN-y and
IL-2 were highest in cases of DF and were low in DHF
grade IV. TNF-« levels did not show a definite associa-
tive pattern. The cytokine levels to increase first were IL-2,
IFN-y and TNF-a while IL-4, IL-6, and IL-10 tended to
emerge during the 4th to 8th day of the illness. Pre-
dominance of the Thl-type response is seen in 66%
cases of mild illness (DF) and the Th2-type response in
71% of severe DHF grade IV which has a high fatality
rate (Chaturvedi et al. 1999a). Studies carried out in
the mouse model supports the above findings (reviewed
by Chaturvedi et al. 1997, 1999a). In their hypothesis,
Kurane & Ennis (1994) had proposed that increase in
the levels of TNF-«, IL-1, IL-2, platelet-activating factor,
complement activation products C3a and C5a and
histamine induce plasma leakage and shock. With the
available data we have proposed that dengue virus
induces the production of a cytokine cascade that
shifts a Thl-dominant response to a Th2-biased
response resulting in an exacerbation of dengue
disease and death of the patients (Chaturvedi et al.
1997, 1999a). The results of this study are consistent
with the above hypothesis and with the hypothesis
that TGF-g1 plays a role in the complex patho-
genesis of severe dengue disease by maintaining the
Th2-shift.
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