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Abstract

Background: The mortality from stroke is known to increase
to a greater extent with the fall of temperature.
Environmental factors may play a major role in triggering of
the onset of stroke. There is a delay between cold exposure
and the onset of stroke. This fact may reflect the complex
mechanism after cold exposure. However, a precise process
after cold exposure is not well documented. The purpose of
this paper is to study the processes after cold exposure that
affect human health, exploring the changes in both weather
and gene expression.

Methods and findings: We used ambulance data of patients
provided by the city of Nagoya in Japan during a period
from 2002 to 2005. The data included the daily number of
patients of all ages, who were first transported by
ambulance to a hospital and then diagnosed at the hospital
with stroke or cerebral infarction. We used also gene
expression data extracted from the database GEO (gene
expression omnibus) maintained by The National Center for
Biotechnology Information (NCBI). The method is based on
random walks in the plane of two variables, mean
temperature and relative humidity. We extracted random
walks that correspond to paths after cold exposure leading
to the onset of stroke and classified the characteristic
feature of cooling and rewarming random walks. The
increase of relative humidity was observed during these
random walks, and suggested the importance of
inflammatory system. To discuss a possible mechanism after
cold exposure, we examined the gene expression data
among the database GEO, and found the increase of
cytokine-related genes, especially interleukin 6 signal
transducer IL6st and interleukin receptors of IL17. These
interleukins play an important role in inflammatory
responses.

Conclusion: The correspondence between the gene
expressions of cytokines and "cooling and rewarming
random walks" in the meteorological factors will provide a
scheme that connects weather and disease, and will provide
novel avenues for research in the prevention of stroke.

Keywords: Stroke; Gene expression; Cytokine; Interleukin;
Random walk

Introduction

The increase of mortality from stroke was observed with the
fall of temperature [1]. It is hypothesized that exposure to
winter weather conditions may induce the increase of the
incidence or case fatality of stroke [2]. These studies suggested
that environmental factors might play a major role in the
triggering of stroke events or in determining their outcome. An
understanding of the potential role of seasonal stresses and
mechanisms responsible for these effects may issue an
innovative approach for research in the prevention of stroke.

One of the characteristic features of diseases affected by cold
exposure is the appearance of delay between the event of cold
exposure and the onset of disease. To clarify the reason of these
lags, it is important to understand the process happening after
cold exposure from a viewpoint of both weather and disease.
However, changes after cold exposure is not well documented.
The purpose of this paper is to study the processes after cold
exposure that affect human health, exploring the changes in
both weather and gene expression.

A rewarming procedure observed between cold exposure and
the onset of stroke was pointed out by association analysis [3,4].
This pattern of weather was called "cooling and rewarming". At
the same time, the increase of relative humidity was also
observed during this cooling and rewarming procedure. To
understand these procedures, we adopted in this paper the
method of random walk. If we consider the plane of two
variables, mean temperature T and relative humidity H, then at
each day, t, the pair T(t) and H(t) can be plotted as a point in the
plane (T,H). As day, t, changes, the corresponding point will
change the position in the plane (T,H). This process will produce
a random walk in the plane. Thus the daily variability of mean
temperature and relative humidity can be understood as a
random walk in the plane (T,H).

Among these random walks, the random walks ending with
high risk cases of stroke are interesting for the purpose of
forecasting the onset of stroke. In particular, in a case of cooling
and rewarming, the corresponding random walks were named
"cooling and rewarming random walks". We explored these
"cooling and rewarming random walks" ending with the onset of
stroke.
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On the other hand, it is known that cold stress triggers a
complex procedure of gene expression and metabolic responses
[5,6]. The studies of these responses in gene levels are of
importance to therapeutic manipulation. A scheme that
connects weather and disease was proposed in terms of
cytokine networks [7-9]. The network consists of interleukins,
where IL-6 plays an important role. An investigation of gene
expression including IL-6 family and related genes will be of
scientific importance. We investigated the change of gene
expression of several interleukins that might be corresponding
to cooling and rewarming random walks, using the gene
expression data extracted from gene expression omnibus (GEO)
maintained by the national center for biotechnology information
(NCBI).

Methods

We used patient ambulance data provided by the city of
Nagoya, which consisted of the daily data of the number of
patients during a period from 2002 to 2005. The data included
the number of patients of all ages, who were first transported by
ambulance to a hospital and then diagnosed at the hospital with
stroke or cerebral infarction. Nagoya is located on central land of
Japan and it has a moderate standard subtropical climate. We
also used daily meteorological data such as the daily mean
temperature and relative humidity, extracted from Japan
Meteorological Agency.

As data of DNA, we used gene expression data extracted from
the database, GEO (gene expression omnibus) which is
maintained by The National Center for Biotechnology
Information (NCBI).

NCBI is a database (called GenBank) of DNA sequences
providing access to biomedical and genomic information. GEO is
a public functional genomics data repository organized by NCBI
and stores curated gene expression datasets. We used gene
expression data with the accession numbers, GSE13432 and
GSE70437. The data of accession number GSE13432 was
originally supplied by Xue et al. [9]. The data were obtained from
microarrays for the purpose of investigating molecular
mechanisms of angiogenesis in relation to adipose tissue
metabolism. They exposed adult mice to 4°C for up to 5 weeks.
Control mice were maintained at their thermoneutral
temperature of 30°C. We used control data exposed to 30°C
rather than those data exposed to cold (4°C) to examine the
effect of warming process. The data of accession number
GSE70437 was uploaded to the database GEO by Marcher et al.
[10]. The data contained the gene expression data of mice kept
at either 4°C or 22°C for three days.

As a method, we used "random walks" [11,12]. The two
variables, mean temperature and relative humidity, forms a two
dimensional plane (denoted by S). The pair of the mean
temperature T(t) for some day t and the relative humidity H(t) of
the same day t can be considered as a point P(t)=(T(t), H(t)) in
the plane S. As time or day t changes like t, t+1, t+2, ..., the
corresponding point changes like P(t), P(t+1), P(t+2), ..., forming
a sequence of points in the plane S. This process defines a
random walk in the plane S,
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P(t)=(T(t),H(t)), P(t+1)=(T(t+1), H(t+1)), ..., P(n)=(T(n),H(n)), ...

We explored these random walks that end at a high risk day of
cerebral infarction and examined characteristic feature of these
random walks.

The feature of relative humidity along random walks
suggested the importance of inflammatory system and
motivated us to examine gene expression of interleukins,
especially IL-6 that plays an important role in inflammatory
system.

Results

We classified all of the days into three classes, namely, ‘high
risk day’, ‘moderate risk day’ and ‘low risk day’ according to the
amount of patients with stroke. The high (or low) risk cases were
defined to occupy 30% among the total cases during winter
terms in 2003-2005.

Now suppose that t is the day belonging to high risk days, i.e.,
the number of patients of the day t scored a large number. T(t)
and H(t) denotes the mean temperature and the relative
humidity of the day t, respectively. The pair T(t) and H(t) can be
considered as a point P(t)=(T(t), H(t)) in a two dimensional
plane. The history, (T(t-k), H(t-k)), ..., before high risk day is
important for the forecasting the incidence of the disease at day
t.

We defined "random walk" as the history during one week for
the given high risk day, as follows.

Consider the plane of two variables, mean temperature and
relative humidity. A random walk is a sequence of points in this
plane;

P(t-6)=(T(t-6), H(t-6)), P(t-5) =(T(t-5), H(t-5)), ..., P(t-1)=(T(t-1),
H(t-1)), P(t)=(T(t), H(t))
( 1)

Figure 1: Cooling and rewarming random walks in winter
seasons. Cross marks represent days of high risk in winter
seasons in 2003 and 2004, respectively. These are the
random walks that end on January 17 in 2003 (left) and
January 26 in 2004 (right). The starting point is marked with
circle and the end point with cross. The sharp edges on the
left bottom correspond to cold exposure. The increase in
relative humidity is observed in both cases.

. /

Starting from P(t-6) and reaching P(t) of the high risk day. An
example can be seen in Figure 1, where the random walk starts

2 This article is available from: http://www.imedpub.com/european-journal-of-experimental-biology/


http://www.imedpub.com/european-journal-of-experimental-biology/

European Journal of Experimental Biology

with circle mark and ends with cross mark (high risk case).
Cooling and rewarming cases can be interpreted as a random
walk P(t-6), ..., P(t-k), ..., P(t), where cold exposure occurred at
some day, t-k and then after that, a random walk P(t-k+1), ...,
P(t) becomes a warming process, i.e., H(t-k+1), ..., H(t) are
generally increasing.

Since the above definition of cooling and rewarming appears
intuitive, we give a more mathematical definition of "cooling
and rewarming random walk", as follows. We first calculate the
minimum of the temperatures T(t-6), ..., T(t), and denote it by
Tm. Then, consider three values Tm, T(t-6), T(t), i.e., the
minimum, the start, and the end. If Tm is relatively smaller than
T(t-6), then Tm can be considered as a cold exposure. More
precisely, the condition of cold exposure may be written
Tm<T(t-6) -2°C if we select (2°C) as an appropriate difference to
feel cold. If T(t) is larger than Tm, then the temperature
increased from Tm to T(t). Therefore if the following conditions
are satisfied at the same time, then we define the random walk,
w(t-6), ..., w(t) as a "cooling and rewarming walk";

Tm<T(t-6) -2°C and Tm<T(t) -2°C

As a result, the cooling and rewarming random walk has a
following feature:

T(t-6)[=start] = cooling = Tm [=cold exposure] - rewarming
- T(t)[=end]

We explored the data during winter seasons from 2002 to
2005, and checked all the random walks ending with the day of
high risk of cerebral infarction. Then we selected, from these
random walks, all the cooling and rewarming random walks.
Typical examples are shown in Figures 1 and 2.
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Figure 2: Cooling and rewarming random walks with high
humidity at cold exposure. These are the random walks that
end on January 4 in 2005 (left) and February 6 in 2005 (right).
The starting point is marked with circle and the end point
with cross. The sharp edges on the left upper corner
correspond to cold exposure. The relative humidity is already
high at the cold exposure in both cases.

. /

Humidity is connected to inflammatory response system. It
was reported that the increase in relative humidity caused the
deterioration of rheumatic arthritics [13]. For cardiovascular
diseases, the effects of relative humidity were observed and, the
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role of inflammatory response system was argued in connection
with humidity [6]. Therefore, we also checked the change of
relative humidity in all of these extracted cooling and rewarming
random walks. The results were shown in Table 1.

Table 1: The change of relative humidity after cold exposure.

Date Humidity  after Date Humidity after cold
cold exposure exposure
1/8/2003 Up 1/26/2004 Up
High at cold exposure
1/17/2003 Up 2/19/2004 (80%)
High at cold exposure
1/19/2003 Up 1/4/2005 (86%)
2/1/2003 Up 1/25/2005 Almost even
2/3/2003 Up (down just| 50005 Up
before)
High at cold exposure
2/23/2003 Up 2/6/2005 (90%)
122412003 | YP_ o Justl 5050005 | Up only just before
before
12/29/2003 Up

In view of Figures 1 and 2 and Table 1, we can observe the
following two main patterns for cooling and rewarming random
walks.

(1) After cold exposure, both temperature and humidity
increased.

(2) Relative humidity was already high at cold exposure and
then temperature increased.

The analysis of gene expression is valuable to estimate the
effects of meteorological factors and to speculate the
mechanisms connecting weather changes and the onset of
disease. The microarray data of gene expression were extracted
from the database GEO. The GEO accession numbers of the used
data were GSE13432 and GSE70437.

The data GSE13432 were provided by Xue et al. [9] for the
purpose to study cold induced molecular mechanisms of
angiogenesis in relation to adipose tissue metabolism. They
used, as control, gene expression data of mice exposed to 30°C
for both 1 week and 5 weeks. We used these data as target data
rather than control data because we are interested in warming
process rather than cold exposure itself.

We examined the gene expression of interleukins, especially
interleukin 6 (IL-6) family and compared data for 1 week and 5
weeks. The difference of IL-6 itself was not found, but the
changes of interleukin 6 signal transducer (IL-6st) were found.
The results of normalized data are shown in Table 2, where the
twelve values consist of each set of three samples of mice kept
at 4°C for 1 week, at 4°C for 5 weeks, at 30°C for 1 week, at 30°C
for 5 weeks.

Table 2: The changes of interleukin 6 signal transducer (IL6st) during cold and warm processes.

© Under License of Creative Commons Attribution 3.0 License
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Temperature 1 week 5 weeks
4°C 6.73833 6.41872 7.58906 4.90227 5.69017 5.2098
30°C 5.01602 3.27012 4.7641 7.59789 7.54897 7.38905

We compared the data A={5.01602, 3.27012, 4.7641} of mice
kept at 30°C for 1 week and B={7.59789, 7.54897, 7.38905} of
mice kept at 30°C for 5 weeks. The increase from A to B was
observed, and its statistical confidence was checked by t-test
with p-value 0. 0271.

The GEO data of the accession number GSE70437 were
supplied to study the early adaptation of brown adipose tissue

Table 3: The changes of gene expression of interleukin 17 family.

to cold exposure [10]. Mice were exposed to 4°C for three days
and control mice were kept at 22°C. They examined increase in
expression of several brown adipocyte genes related to
thermogenesis as well as the gene encoding the hormone irisin.
Apart from their original purpose, we examined the change of
gene expression of interleukin families (Table 3).

interleukin 6 signal transducer IL6st like the result of the data
GSE13432. We also found the increase in gene expression of
interleukin 17 family, IL-17ra, IL-17rd. IL-17 is an important
interleukin for inflammation response, especially in the
deterioration of rheumatic arthritis. IL-17 is closely related to
IL-6 and makes a positive feedback network with IL-6. The
stochastic significance of the difference between the groups of
22°C and 4°C was checked by T-test. This finding suggests a new
role of IL-17 in stroke.

Discussion

Cold exposure is the most common trigger of stroke. Since
there is a lag between cold exposure and the onset of stroke, to
investigate the process after cold exposure is of importance.

The process after cold exposure has two aspects. One is the
change of meteorological factors or weather, and the other is
the change of metabolic process.

We first described the change of meteorological factors as
random walks in the plane of two variables, mean temperature
and relative humidity,

P(t-6)=(T(t-6), H(t-6)), P(t-5)= (T(t-5), H(t-5)), ..., P(t)=(T(t),
H(t)),
Where, t is the day of the onset of stroke and the point (T(t-k),

H(t-k)) is the pair of mean temperature and relative humidity at
k-days earlier before the day t. The cold exposure is supposed to

Table 4: The changes of Sirt1 during cold and warm processes.

DNA 22°C 4°Cc

IL-17ra 12 25 14 17 17 46 43 60 47 29
IL-17rd 20 22 29 36 18 23 34 38 34 27

We observed the increase in gene expression of the happen at some day, t-k, before t. Therefore this random walk of

one week contains cold exposure and ends with the onset of
stroke. We explored all the cooling and rewarming random
walks, P(t-6), ..., P(t), during winter seasons from 2003 to 2005
year.

Most of the cooling and rewarming random walks had a
pattern like Figure 1. There are some exceptional pattern like
Figure 2. The importance of the pattern of cooling and
rewarming process was pointed out by Morimoto [3,4]. Our
findings can be considered as clear and visual description of this
cooling and rewarming feature.

Given these considerations, the following warning criterion is
worthy to be proposed to prevent the onset of stroke or cerebral
infarction. When one encounters cold exposure or cold shock,
one should check the temperature and humidity after cold
shock. If one of the following two conditions is observed, the
warning for the onset of stroke should be executed:

(1) After cold exposure, the both of temperature and relative
humidity are likely to increase.

(2) The humidity is already high at cold exposure event, and
then the temperature is likely to increase.

It is noteworthy that in Figure 1 and Table 1, the increase of
relative humidity was also observed during rewarming
procedure after cold exposure. In Figure 2 and Table 1, the
relative humidity was already high at the day of cold exposure.

Temperature 1 week 5 weeks
4°C 8.61547 8.47946 8.12056 9.0859 9.07062 9.01923
22°C 9.36357 9.4388 9.50956 9.16394 9.1711 9.19011

4
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The combination of decreased barometric pressure and
increased temperature was found to lead to a high risk of heart
disease in winter seasons [4]. An increase in relative humidity
was observed at the same time. A dew point association was
observed for coronary atherosclerosis and congestive heart
failure [14]. Here, a high dew point temperature usually means
high relative humidity. Relative humidity resulted in a high
inflammatory index, such as CRC values [15]. An increase in dew
point temperature was associated with an increase in risk of
hospitalization for coronary atherosclerosis and for congestive
heart failure [14]. Relative humidity is related to a high
inflammatory index, such as CRC values [15]. Relative humidity
plays an important role in connection with inflammatory
response system in human health.

In molecular levels, cytokines play an important role in
mediating the inflammatory response. Interleukins are a subset
of cytokines, and the function of the immune system depends in
a large part on interleukins. Interleukins are predominately
produced by and involved in the upregulation of inflammatory
reactions [16]. Cytokines compose a complex network, called
cytokine network, and such a network was suggested as bridge
connecting the weather and the diseases [8,17]. Therefore, the
investigation of the change of interleukins is of importance.

We explored the database of gene expression data obtained
by microarrays, GEO (gene expression omnibus) which is
maintained by The National Center for Biotechnology
Information (NCBI). We selected gene expression data related to
cooling and rewarming random walks, and found the data with
GEO accession number GSE13432 (supplied by Xue et al. [9]) and
GSE70437 (supplied by Marcher et al. [10]). As a cooling process,
we found the increase in gene expression level of IL-6st (signal
transducer of interleukin 6) in the results of GSE70437 (see in
the result section). As a warming process, we noticed the
increase of IL-6st in the results of GSE13432 (see in the result
section). We could not find the changes of IL-8 in these data, but
the increase of IL-8 gene expression was observed in the cooling
and rewarming process [18].

It is noteworthy that the increase of receptors of interleukin
17 (IL-17) was found in the data of GSE70437 (see in the result
section). IL-17 is known as an important interleukin in the
inflammatory metabolism in rheumatoid arthritis. IL-17
stimulates the expression of IL-6 and vice versa and forms a
cascade of positive feedback loop with IL-6 [19]. If the loop is
once driven then deterioration of rheumatoid arthritis is
induced. Therefore, the finding of the increase in gene
expression of IL-17 family in cooling process will provide a new
aspect to roles of cytokine network in prevention of the onset of
stroke.

Besides interleukins, cold shock induces variability of heat
shock proteins. For example, the heat shock protein HSP70 is
known to repair the protein unfolding and to modulate immune
system. In recovery period at 37°C, the induction of HSP70 is
observed [18]. This process corresponds to cooling and
rewarming random walks. For this induction process, it is
noteworthy that another intracellular regulatory protein Sirtuin
1 (encoded by Sirt-1) plays an important role. Sirtuin-1 combines

© Under License of Creative Commons Attribution 3.0 License
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directly with heat shock transcription factor HSF1 and increases
the levels of HSP70.

To search the change of gene expression of Sirtuin 1, we
examined again the database GSE13432 (supplied by Xue). The
result is shown in Table 4, where the reduction of Sirt-1 is
observed at 4°C (1 week) compared with that at 30°C (1 week).
This result was certified by stochastic confidence of p-value
0.007.

The effect of cold exposure to health is modulated by both
weather and the levels of metabolic states. Metabolic state
declines by interleukins such as IL-6 and TNF-alpha. On the other
hand, the increase of adiponectin and Sirutin-1 improves
metabolic state and leads to avoid stroke [20,21]. Further
studies on the effects of effective dietary therapeutic
manipulation will be expected along the research of the effects
by weather.

Conclusion

We described the variability of meteorological factors (mean
temperature and relative humidity) as paths of random walks in
the plane. We extracted random walks that correspond to paths
after cold exposure to the onset of stroke, and classified the
characteristic feature of cooling and rewarming random walks.
These random walks were grouped into the following two cases:

(1) After cold exposure, the both of temperature and relative
humidity are to increase.

(2) The humidity is already high at cold exposure event, and
then the temperature is to increase.

This classification will enable us to make a forecast of stroke
incidence and will supply a useful possibility to make a public
warning system according to these two patterns of observation.
To discuss a possible mechanism after cold exposure, we
examined the gene expression data among the database GEO
and found the increase of cytokine-related genes, especially
interleukin 6 signal transducer IL6st and interleukin receptors of
IL17. Both interleukins play an important role in inflammatory
responses. These findings on gene expression corresponding to
random walks will provide a new scheme that connects weather
and disease, and will provide new approaches for research in the
prevention of stroke.
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