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ABSTRACT: Estimation of the postmortem interval (PMI) is one
of the most important tasks in forensic medicine. Five autopsy or-
gan tissues such as brain, lungs, heart, liver, and kidneys were taken
at the time of forensic autopsy from 19 known PMI cases with a
range of postmortem intervals ranging from 1 to 120 h (the mean
was 25.81 h), and the time-course of vascular endothelial growth
factor (VEGF) expression was measured. The human hepatoma-de-
rived Hep 3B cell line was used as a control.

The levels of VEGF increased linearly with the PMI up to 20 h in
lung (r = 0.95 and in kidney (r = 0.89), and up to 15 h PMI in liver
(r = 0.88). The VEGF levels fell after 24 h PMI, and then remained
stable. In brain, the levels of VEGF started to increase after 24 h
PMI and increased linearly with PMI up to 40 h in brain (r = 0.94)
and then begin to fall. In heart, there was no clear correlation be-
tween the PMI and VEGF level. Some variations occurred in se-
lected cases, such as the infant and asphyxial deaths.

In conclusion, measurement of hypoxia-inducible levels of
VEGEF in various body organs appears to be a useful method of es-
timating the PMI up to 24 h in forensic medicine and pathophysi-
ology. This method is also probably applicable in ischaemia in
clinical and basic medicine.
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Estimation of the postmortem interval (PMI) is one of the main
issues in forensic autopsy cases. Although many forensic patholo-
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gists have tried to find a parameter for estimating the PMI, no suit-
able system has yet been identified. Determination of early PMI is
mainly carried out using estimates of body cooling, muscular reac-
tivity, and postmortem hypostatic staining in routine forensic prac-
tice (1). Occasionally, body cooling (rectal temperature), muscular
and neuro-muscular reactivity, and body fluid biochemistry cannot
be used to determine the PMI in some cases where little tissue is
available, and how to determine the PMI from the remaining frag-
ments is also an important issue in forensic practice.

Vascular endothelial growth factor (VEGF), also known as vas-
cular permeability factor (VPF) (2—4), is a heparin-binding glyco-
protein with potent angiogenic, mitogenic and vascular perme-
ability-enhancing activities specific for endothelial cells (5). The
expression of VEGF is dramatically induced upon exposure to
low oxygen tension (hypoxia or ischaemia) in a variety of cell
types (6,7), and it has been suggested to play a key role in hy-
poxia-induced angiogenesis and in the maintenance of vascular
homeostasis. Expression of VEGF increases up to 30-fold over 24
h, with an increasing duration of hypoxia (8) in the absence of
glucose deprivation.

VEGEF is a polypeptide growth factor, and a member of the
platelet-derived growth factor family (9,10). It is a 34- to 43-kD
dimeric protein, synthesized and secreted by a variety of tumor and
normal cells. VEGF exists as four different homodimeric isoforms,
VEGF 1, VEGF¢s, VEGF;g9, and VEGF,6, generated by alter-
native splicing from a single VEGF gene containing eight exons
(11-13) on chromosome 6p21.3. VEGF,s5, VEGF;g9, and
VEGF, are basic proteins with a high affinity for heparin, while
VEGF),, is a weakly acidic protein with no affinity for heparin
(11). Cells in the body exposed to hypoxic conditions (global is-
chaemia) after irreversible circulatory arrest (death) exhibit in-
creased expression of VEGF.

The induction of hypoxia-inducible factor VEGF reflects the pe-
riod of hypoxia. After death, blood circulation stops, its oxygen-
carrying capacity is lost, and all the body tissues become hypoxic
or anoxic. In that situation, the VEGF level might reflect the dura-
tion of the hypoxemic and anoxemic condition, and we expect that
it might be possible to estimate the PMI from the VEGF expression
in body tissues in forensic cases including those where only frag-
mentary remains are available.
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In the present study, we tried to estimate the PMI from VEGF ex-
pression levels of autopsy organ tissues in early postmortem cases.

Materials and Methods

1. Sample collection

(a) Control samples—The human hepatoma-derived Hep3B
cell line was used as a control. Hep3B cells were cultured
in Dulbecco’s Modified Eagle’s Medium (D-MEM) sup-
plemented with 10% fetal bovine serum (FBS) (Gibco-
BRL, USA).

(b) Tissues samples—Five autopsy organs tissues, brain,
lungs, heart, liver, and kidneys, were taken at the time
of forensic autopsy from 19 known PMI cases with a
range of postmortem intervals ranging from 1 to 120 h
(the mean was 25.81 h). The cases included 12 males
and 7 females with ages ranging from 1 month to 74
years of age (the mean was 35 years). There was a vari-
ety of causes of death: 2 cases of stab wounds in the
heart and great vessels, 2 road traffic accidents, 3 other
trauma cases (contusion and laceration), 1 strangulation,
2 hangings, 1 heat stroke, 1 unknown, and 7 other dis-
ease cases (cerebral malaria, bronchopneumia, is-
chaemic heart disease, hypertension, vitamin deficiency,
and alcoholic coma).

Tissue samples were taken from the same location in
the same organ (the right frontal lobe of the cerebrum, the
middle lobe of the right lung, the apex of the heart, the
lower part of the right liver, and the upper part of the right
kidney) and snap-frozen in liquid nitrogen and stored at
—80°C until processed further.

2. Sample preparation

(a) Control samples—Human hepatoma-derived Hep3B
cells were cultured in Dulbecco’s Modified Eagle’s
Medium (D-MEM) supplemented with 10% fetal bovine
serum (FBS) under normoxic conditions in 95% air and
5% CO, at 37°C up to subconfluency (14,15). The cul-
tures were allowed to continue to grow under normoxic
conditions up to confluency, and the cells were then ex-
posed to hypoxic conditions (N, 95%, CO, 5%) for 3, 6,
9, 18, 24, 48, and 72 h. Then, Hep3B cells were washed
twice with phosphate buffered-saline (PBS), and sus-
pended in PBS after scraping. The cells were cen-
trifuged at 1200 X g for 5 min at 4°C. The cell pellets
were then resuspended in lysis buffer (PBS, 1% Triton
X100, 1 mM phenylmethylsulfonyl fluoride: PMSF),
homogenized and centrifuged at 10 000 X g for 20 min
at 4°C. The supernatants were stored at —80°C until
analysis.

(b) Tissues samples—The tissue samples stored at —80°C
were thawed on ice and then homogenized in lysis buffer
(PBS, 1% Triton X-100, 1 mM PMSF) using a homoge-
nizer. After incubation for 30 min on ice, the ho-
mogenates were centrifuged at 10 000 X g for 20 min at
4°C, and supernatants were stored at —80°C until analy-
sis. The protein levels of all samples were measured us-
ing a BCA protein assay reagent kit (Pierce, USA) and a
UV spectrophotometer (UV-1600; Shimadzu, Australia)
at the wavelength of 562 nm.

3. VEGF assay

(a) Sample preparation—The samples were diluted, if nec-
essary, with deionized distilled water to obtain a protein
concentration of 1 mg/mL for control cells and 10 mg/mL
for tissue samples.

(b) Enzyme linked immuno-sorbant assay (ELISA)—The
VEGEF levels of autopsy tissues and Hep3B control sam-
ples were measured using a quantikine human VEGF im-
munoassay kit (R&D system, USA) and a microplate
reader (InterMed, Immuno Reader NJ-2000, Japan) at
wavelengths of 450 and 540 nm. A total of four measure-
ments were made on each organ tissue. The values (coef-
ficient of variation) obtained for each organ are as fol-
lows: lungs (4.21%, mean), kidneys (3.89%), liver
(3.44%), and brain (4.33%).

4. Statistical analysis. Simple linear regression analysis was
used to analyze the data and generate the equation obtained in this
study.

Results

As shown in Fig. 1, we investigated the VEGF expression of the
control Hep3B cells under normal oxygen conditions and pro-
longed hypoxic conditions up to 72 h. The level of VEGF expres-
sion increased up to 24 h under hypoxic conditions and then de-
creased. The increasing levels of VEGF expression in the Hep3B
cells with increasing duration of hypoxia showed a linear correla-
tion up to 24 h (Table 1). From these data, the following equation
was obtained for Hep3B cells.

Hypoxic period (h) = 0.035 X VEGF level (ng/mL) — 9.07

We then investigated the autopsy tissues from known PMI cases
(Fig. 2). The results showed that the correlation between the peak
levels of VEGF expression and the duration of ischaemia was dif-
ferent for each organ. However, the VEGF expression levels up to
the peak had a linear correlation with the duration of ischaemia in
all tissue samples except heart (Table 1).

As shown in Table 1, the expression levels of VEGF increased
linearly with the PMI up to 20 h in the lungs and kidneys. The lev-
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FIG. 1—Relationship between duration of hypoxia and the VEGF levels
of Hep3B cells.
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els of VEGF started to increase after a 3-h PMI and continued lin-
early up to a PMI of 15 h in the liver. The VEGF levels fell after a
PMI of 24 h and then remained stable (Fig. 2). In the brain, the lev-
els of VEGF started to increase after a PMI of 24 h and increased
linearly up to a PMI of 42 h and then began to fall (Fig. 2). There

TABLE 1—Differing statistical parameter of the regression line of
different organs and cell line.

Intercept Slope
Equation r (ng/mL) (ng/mL/h)
Hep3B* 0.99 266.48 2791
Lungs¥ 0.95 244.85 33.84
Kidneyst 0.89 28.84 42.45
Liveri 0.88 —120.46 56.51
Brain§ 0.94 —210.91 8.80

*Upto24h. + Upto20h. $ Upto 15h, § 20 to 40 h.
r = correlation coefficient.
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FIG. 2—Relationship between the postmortem interval and VEGF lev-
els of autopsy organs tissues. lungs ®, kidneys *, liver A, brain X.

was no clear correlation between the PMI and VEGF level in heart
(data not shown).

From these results, the following equations for estimation of the
PMI in autopsy tissues were obtained.

For the lungs: PMI (h) = 0.027 X VEGF levels (ng/mL) — 5.272
Forthe kidneys: PMI (h) = 0.019 X VEGF levels (ng/mL) — 2.082
For the liver: PMI (h) = 0.014 X VEGF levels (ng/mL) + 3.995

For the brain: PMI (h) = 0.099 X VEGF levels (ng/mL) + 24.783

Table 2 shows the VEGF levels in various organs from 19 bod-
ies where the postmortem interval was known. There was good cor-
relation between the PMI and VEGF level in various organs.

Discussion

The human hepatoma-derived Hep3B cell line is used as a con-
trol because Hep3B cells have a good response to hypoxia and ex-
press VEGF and erythropoietin. The VEGF expression of Hep3B
cells increased up to 24 h of hypoxia and then decreased (Fig. 1).
This may be due to the fact that Hep3B cells become irresponsive
to hypoxia after a 24 h period of hypoxia.

This study showed that the expression of VEGF increased lin-
early with the PMI up to 20 h in the lungs and kidneys, up to 15 h
in the liver, and up to 42 h in the brain after irreversible circulatory
arrest. After a PMI of 24 h, the levels of VEGF were downregulated
and there was no significant difference among organ tissues.
Therefore, PMI was estimated from the equations of the respective
autopsy tissues up to 20 h in the lungs and kidneys, up to 15 h in
the liver, and up to 42 h in the brain in early PMI forensic cases in-
cluding those where only fragmentary remains were available.
There is a difference in the linear correlation between the peak lev-
els of VEGF expression and the duration of ischaemia in all organs
except the heart. Moreover, VEGF expression patterns and peak
times were the same in the lungs and kidneys (Fig. 2), and this may
be due to their hypermicrovasularity (17). However, the differen-
tial expression patterns and peak times in the brain and liver may

TABLE 2—The VEGF levels in various organs from 19 bodies where the postmortem interval was known.

VEGF, ng/mL
Age, PMI,
No. Sex Year Cause of Death h Lung Liver Kidney Brain Heart
1 M 2 month Vitamin deficiency 2.75 330 ND ND ND ND
2 M 6 Bronchopneumia 491 350 269 44 ND ND
3 F 34 Strangulation 7.65 ND 174 338 ND ND
4 M 64 Ischaemic heart disease 7.91 ND 301 586 ND ND
5 F 23 Hypertension 10.91 650 ND 584 ND ND
6 M 48 Acute alcohol intoxication 13.75 704 582 ND ND ND
7 M 40 Hanging 14.25 749 884 ND ND ND
8 F 21 Hanging 15.1 875 660 600 ND ND
9 F 74 Traffic accident 19.47 ND 220 771 ND 255
10 M 56 Subdural haematoma 20.62 841 357 952 ND 219
11 M 1 month Bronchopneumia 22 661 138 666 35 175
12 M 6 month Heat stroke 24.02 472 142 373 22 253
13 M 51 Traffic accident 31.29 582 193 155 ND ND
14 F UK Subdural haematoma 31.3 ND ND ND 53 16
15 F 59 Haemarrhagic shock 31.39 ND ND 316 166 158
16 M 54 Haemarrhagic shock 40.83 ND ND 307 15 ND
17 M 55 Haemarrhagic shock 77 560 133 316 ND ND
18 F UK Unknown (drawing ?) 120 506 283 212 17 ND
19 M 49 Cerebral malaria 22.75 528 449 1091 ND ND

M = male, F = female, PMI = postmortem interval, ND = not determined, UK = unknown.
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be due to the difference in their haemodynamic and haemokinetic
functions (16,17). However, it will be necessary to increase the
sample size and improve the correlation between the PMI and
VEGF expression.

The levels of VEGF in the poisoning case and in an infant un-
der 1 month remained steady, and the reason for this is unknown.
The VEGEF level is higher in the cases involving sudden and mas-
sive blood loss, strangulation and hanging, ischaemic heart dis-
ease, and cerebral malaria. It is speculated that, in asphyxia cases
(e.g., strangulation and hanging), the oxygen supply to all organs
is suddenly reduced, and all tissue cells become hypoxic or
anoxic and expression of VEGF increases. In the case of sudden
and massive blood loss and cerebral malaria, VEGF expression in
hypoxic organ tissues increases because oxygen-carrying red
blood cells are reduced (in sudden and massive blood loss) or
damaged (in malaria). In the case of ischaemic heart disease, car-
diac muscle function is reduced, leading to insufficient oxygen
supply, and the tissues become hypoxic.

Compared with other common parameters, such as body cool-
ing, muscular and neuromuscular reactivity, and postmortem hy-
postatic staining (lividity), used to estimate early PMI cases, our
parameter is less responsive to interfering factors and is easy to
sample at the time of autopsy.

The body cooling method is one of the commonly used esti-
mation methods of PMI in early cases. The influencing factors in-
volved in this method are: (a) body temperature at the time of
death (fever, hypothermia, peripheral circulatory disorders, pres-
ence of hyperthyroidism or hypothyroidism, and emotional stress
associated with pleasure and displeasure), (b) temperature differ-
ence between the body and the environmental (which can vary
widely and rapidly in certain condition), (c) air movements (wind
and draughts affect the body temperature by convection, conduc-
tion, and evaporation), (d) rain, humidity, and snow, (e) body pos-
ture (affects the heat loss by varying the effective exposed surface
area), (f) body size (mass/surface area ratio), (g) naked, clothing
or other coverings, (h) body fat (acts as an insulator), (i) cause of
death (heat stroke, cold stiffness, septicaemia), and whether the
body is wet or dry (1). There are other factors which affect the
muscular reactivity and neuromuscular reflexes methods, such as
the cause of death (heat and cold stiffness, electrocution) (18), ef-
fect of environmental temperature, influence of the central ner-
vous system, and cadaveric spasm (instantaneous rigor) (17) and
the postmortem lividity (20-22) method, such as positional
changes after death. Furthermore, person-to-person variation is
also a significant factor in these methods. This method has one
disadvantage in that only PMI up to 24 h after death can be esti-
mated, and this is stated in the paper.

A single sample is priced at approximately US$8.00. Basically,
a quantikine human VEGF immuoassay kit and a microplate reader
are required for the measurement of VEGF levels in organs and this
takes about two days.

In conclusion, these results show that measurement of the levels
of VEGF in four autopsy organs (brain, lung, liver, and kidney) is
a good means of determining the PMI up to 24 h (early PMI) in
forensic and pathophysiology cases. Additional studies are needed
to verify the results reported here.
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