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Summary. - cDNA microarray technique was used to monitor changes in mRNA levels in cells after Hantaan 
virus (HTNV) infection. The values of the ratio of medians for HTNV and Japanese encephalitis virus (JEV) 
at the early stage of infection were compared and found similar, suggesting that the same or similar genes are 
associated with the early events of infection with either virus. The reproducibility of values of the ratio of 
medians" for HTNV was examined. We found that applying cluster analysis to the gene expression data groups 
efficiently together genes with the same function. Therefore, in analyzing the effects of viral infection on host 
cells by the cDNA microarray technique, clustering data appear to be necessary for gaining biological meaning 
from a dump of gene expression profiles obtained from virus-infected cells. 
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I n t r o d u c t i o n  

Recent ly ,  a c D N A  m i c r o a r r a y  t e c h n i q u e  h a s  b e e n  
developed to survey  the expression o f  many cellular genes 
simultaneously. This technique has been used  to study the 
ef fects  o f  viral infection on the expression o f  cellular genes. 

Interactions between viral pathogens and host cells are very 
complex but wel l  regulated. Viral pathogenesis is dependent 
upon severa l  fac tors  including v irus-host  interactions. 
However, each virus evolves its own particular strategy for 
manipulating the host, to optimize viral  persistence and 
transmission, and detailed analyses o f  specific virus-host 
interactions have not yet  clarified the unique mechanisms and 
molecules involved (Manger and Relman, 2000). The levels 
o f  cellular m R N A s  m a y  b e  a f fected  b y  v irus  infection. 
Therefore, cellular mRNA levels may reflect (i) the pathways 
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involved or the cellular factors that are induced or repressed 
during viral infection and (ii) the molecular mechanisms of  
pathogenesis. Standard methodologies o f  molecular biology 
including Northern blot  analysis, S I  nuclease protection, 
differential display, sequencing cDNA libraries, and serial 
analysis o f  gene expression can b e  used to detect and quantify 
the cellular gene expression (Kim etal., 2001). However, these 
methods are laborious and can focus on only small number of  
cellular gene products at a time. Recent development o f  the 
c D N A  m i c r o a r r a y  t e c h n i q u e s  a l l o w s  s i m u l t a n e o u s  
measurement o f  expression o f  many cellular genes (Brown 
and Botstein, 1999; Duggan  et al., 1999). These techniques 
have been used to study the effects  o f  various viruses on the 
expression of  cellular genes (Zhu et al., 1998; Geiss et al., 
2000; Bigger  et al., 2001). 

In the present study, w e  u s e d  the cDNA microarray 
technique to investigate the expression of  human lung cell 
(A549) genes as  influenced b y  infection with HTNV (the test 
virus) and JEV (the control virus), because the human lungs 
are one of  the main target organs of  HTNV infection. A cluster 
analysis o f  the genome-wide expression data derived from 
cDNA microarray analysis uses standard statistical algorithms 
to arrange genes according to similarities in their patterns o f  
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Fig. 1 
Reproducibility of the ratio of median measurements for 100 cDNAs in the chip 

The ratios for duplicate spots from two separate microarrays corresponding to 8 hrs p.i. were normalized. The normalized values (y axis) for 100 c D N A s  
(x axis) are superimposed on the line spot. Each data set is indicated by a differently colored line. 

express ion  (Eisen  et al., 1998). Therefore,  w e  appl ied  the 
c luster  a n a l y s i s  to c D N A  microarray  data  obta ined f r o m  
H T N V  infection. Furthermore, w e  tested the reproducibil i ty 
o f  c D N A  microarray data from repeated experiments  w i t h  
H T N V  infection a n d  compared  the c D N A  microarray data 
from H T N V  and J E V  infections.  

M a t e r i a l s  a n d  M e t h o d s  

Viruses and cells. Hantaan virus (HTNV) strain 76-118 and 
Japanese encephalitis virus (JEV) K94P05 were  propagated in 
cultured Vero E6 cells (Lee et a!., 1978; Chung et al., 1996). 

Infectious virus titers (PFU) in the supernatant of cell cultures 
were determined as described earlier (Tanishita et al., 1984). The 
A549  cell line, which retains many features o f  type II alveolar 
epithelial cells, including the synthesis o f  surfactant and cytoplas­

mic  multilamellar inclusion bodies, was used. The cells were grown 

in Dulbecco's Modified Eagle's Medium (DMEM) supplemented 

with 10% o f  fetal bovine serum (FBS) in 5 %  C 0 2  at  37°C. 

Virus infection. A549  cells were infected with H T N V  or JEV 

at a multiplicity o f  infection o f  1 PFU/cell. Two hours post infec­

tion (p.i.) D M E M  was  added. 

Total RNA was  extracted at 2, 8, 24, and 7 2  hrs p.i. and puri­
fied (Lieber et al., 1976). 

cDNA microarray analysis. c D N A  microarray slides w e r e  

obtained f r o m  Genomictree  (Daejeon,  Korea) .  These  consisted 

o f  silanized glass  slides wi th  the  surface containing 480  d i f fe­

rent  c D N A s  corresponding t o  the  genes  fo r  apoptosis,  cell cyc­

le, tumor  suppressor and oncogenes.  T h e  hybridization w a s  per ­

formed according to t he  manufacturer 's  protocol,  described in  

detail at  ht tp:/ /www.genomictree.com).  Briefly,  total cellular 

R N A  (100 ng) ,  prepared using the  Trizol reagent  (Gibco/BRL),  

w a s  used  as  the  template  fo r  the  first-strand c D N A  synthesis in  

a react ion wi th  ol igo(dT) pr imer  (5'-T2 0VN-3') or  Cy3-dUTP 

o r  Cy5-dUTP (NEN),  and  Superscript™ II  reverse  transcripta­

s e  (Gibco/BRL).  T h e  labeled c D N A  probe  w a s  then pur i f ied  

through a Microcon-30 column (Amicon),  resuspended in 80 

Hi o f  hybridization solution ( 3 '  saline sodium citrate b u f f e r  

(SSC)  wi th  0 .3% sodium dodecyl  sulfa te  (SDS)) .  T h e  p robe  

w a s  then denatured a t  100°C f o r  2 mins  and  applied t o  t he  D N A  

chip at 65°C fo r  16 hrs  in  a humidif ied  chamber.  Finally, t he  

slide w a s  washed  in 2 x SSC fo r  2 mins ,  0.1 x S S C  wi th  0 .1% 

S D S  fo r  5 mins ,  and  0.1 x SSC f o r  5 mins ,  then spun-dried and 

scanned in  a GenePix 4 0 0 0 B  scanner  (Axon Instruments  Inc.) 

a t  room temperature.  
The  scanned image w a s  analyzed using a GenePix Pro  3.0 

(Axon Instruments Inc.). Signal intensity values were  determi­

ned  b y  subtracting the  median background value f r o m  the m e ­

dian intensity value fo r  each spot. Expression values were  nor­

malized b y  a single multiplicative normalization factor  and ap­

plied t o  all Cy5/Cy3 ratios so  that the  median normalized Cy5/  

Cy3 ratio became 1.0. Al l  values were calculated fo r  two  indivi­

dual samples under  the  same conditions. Some values were  ex­

cluded due  to a relative error rate o f  more  than 0.5-fold change. 

Microarray data were clustered using the J-express 2.1 f rom http:/ 

/ ihome.cuhk.edu.hk/~h400559/arravsoft .html.  Clustering w a s  

performed b y  the  complete linkage method.  The  a im o f  this al­

gorithm w a s  to compute a dendrogram that would  assemble all 

elements into a single tree. The  clustering data were  employed 

fo r  construction o f  gene  graphs. 

http://www.genomictree.com
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Fig. 3 

Distribution of ratio of medians values for HTNV at 2, 8, 24, and 72 hrs p.i. 

R e s u l t s  a n d  D i s c u s s i o n  

Reproducibility of cDNA microarray data 

A l t h o u g h  t h e  c D N A  m i c r o a r r a y  t e c h n i q u e  h a s  m a n y  
a d v a n t a g e s ,  o n e  p r o b l e m  that  a r i ses  in  data  a n a l y s i s  i s  that  
t h e  v a l u e  o f  t h e  rat io o f  m e d i a n s  can f luctuate,  d e p e n d i n g  
o n  s e v e r a l  factors .  There fore ,  al l  microarray  data  m u s t  b e  
n o r m a l i z e d  t o  " h o u s e k e e p i n g "  g e n e s  a n d  b e  a d j u s t e d  w i t h  
a "normal izat ion f a c t o r "  f o r  the  rat io o f  m e d i a n s  (Geiss  et 
al., 2 0 0 0 ) .  W e  c o m p a r e d  t h e  cel lular  m R N A  l e v e l s  in  t w o  
independent  s a m p l e s  u n d e r  t h e  s a m e  condit ions.  E ighteen  
p e r  cent  o f  4 8 0  g e n e s  h a d  a re la t ive  error  o f  m o r e  than 0 .5-
f o l d  c h a n g e  o f  the  rat io  o f  m e d i a n s .  T h i s  resul t  i s  s imi lar  t o  
that from a c D N A  microarray analys i s  o f  a n  HIV-1 infection, 
w h i c h  s h o w e d  a 1 5 %  r e l a t i v e  e r r o r  f o r  t h e  m o s t  h i g h l y  
e x p r e s s e d  g e n e s  ( G e i s s  et al., 2 0 0 0 ) .  F i g .  1 s h o w s  t h e  
reproducibi l i ty  o f  t h e  rat io  o f  m e d i a n s  f o r  cel lular  g e n e s .  
A c c o r d i n g  t o  t h e s e  data,  c D N A  m i c r o a r r a y  e x p e r i m e n t s  
s h o u l d  b e  repeated  m o r e  than t w i c e  t o  e n s u r e  that t h e  data  
a r e  re l iab le .  

Comparison of cDNA microarray data from cells 
infected with HTNV and JEV 

Total R N A  f r o m  t h e  ce l l s  i n f e c t e d  w i t h  H T N V  o r  J E V  
w e r e  isolated a t  8 hrs  p.i.  and  hybr idized  t o  c D N A  microarray 
s l ides .  T h e  v a l u e s  o f  t h e  rat io o f  m e d i a n s  w e r e  n o r m a l i z e d  
a n d  these  v a l u e s  f o r  the  H T N V -  and  JEV-infected  ce l l s  w e r e  
c o m p a r e d  graphica l ly  (Fig.  2) .  T h e  v a l u e s  f o r  H T N V  w e r e  

arranged  f r o m  l o w  t o  h igh,  a n d  the v a l u e s  f o r  J E V  w e r e  then 
m a t c h e d  w i t h  t h o s e  f o r  H T N V  f o r  t h e  s a m e  g e n e s .  T h e  
patterns o f  cellular g e n e  express ion f o r  H T N V  and J E V  w e r e  
s imilar,  s u g g e s t i n g  that, d u r i n g  t h e  e a r l y  s t a g e s  o f  v i r a l  
infect ion,  both  H T N V  a n d  J E V  al tered the e x p r e s s i o n  o f  
t h e  s a m e  c e l l u l a r  g e n e s  e n g a g e d  i n  h o s t  d e f e n s e ,  
transcription, a n d  ce l l  prol i ferat ion.  

Distribution of the ratio of medians values 

A v a l u e  o f  1.0  f o r  t h e  rat io  o f  m e d i a n s  indicates  that  t h e  
v a l u e s  f o r  C y 5  a n d  C y 3  are  t h e  s a m e ,  s o  that the  e x p r e s s i o n  
o f  that  g e n e  i s  u n c h a n g e d  i n  t h e  c e l l s  a f t e r  v i r u s  in fect ion.  
A rat io  o f  m e d i a n s  v a l u e  l o w e r  than 0 . 5  m e a n s  that  t h e  
e x p r e s s i o n  o f  t h a t  g e n e  i s  d o w n - r e g u l a t e d  m o r e  t h a n  
t w o f o l d ,  a n d  a ratio o f  m e d i a n s  v a l u e  h i g h e r  than 2 . 0  m e a n s  
that the  g e n e  i s  up-regulated m o r e  than t w o f o l d .  M o s t  g e n e s  
e x a m i n e d  h a d  rat io  o f  m e d i a n  v a l u e s  w i t h i n  t h e  r a n g e  o f  
0 . 5 - 2 . 0  (Fig. 3).  With in  2 4  h r s  p.i .  o n l y  15 g e n e s  h a d  v a l u e s  
h i g h e r  t h a n  2 . 0 .  In contrast,  2 1  g e n e s  h a d  v a l u e s  h i g h e r  
than 2 . 0  a t  7 2  h r s  p . i .  F i f t e e n  o f  t h e s e  h a d  v a l u e s  h i g h e r  
than 2 . 5 .  H o w e v e r ,  1 5 6 ,  8 2 ,  7 9 ,  a n d  1 6 0  o f  t h e  4 8 0  g e n e s  
e x a m i n e d  e x h i b i t e d  t w o f o l d  d o w n - r e g u l a t i o n  a t  2 ,  8 ,  2 4 ,  
a n d  7 2  h r s  p . i . ,  r e s p e c t i v e l y .  T h i s  s u g g e s t s  t h a t  m a n y  
ce l lu lar  g e n e s  a r e  d o w n - r e g u l a t e d  i n  r e s p o n s e  t o  v i r u s e s  a t  
a n  e a r l y  s t a g e  o f  in fect ion,  a n d  that  t h e  e x p r e s s i o n  o f  s o m e  
ce l lu la r  g e n e s  i s  t h e n  u p - r e g u l a t e d  t o  d e f e n d  t h e  h o s t  c e l l  
o r  control v i ra l  repl ication a n d  a s s e m b l y .  H o w e v e r ,  b e c a u s e  
v i r a l  p a t h o g e n e s i s  a n d  i t s  interpretat ion a r e  v e r y  c o m p l e x ,  
t h i s  h y p o t h e s i s  r e q u i r e s  f u r t h e r  inves t iga t ion .  
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Clustering of genes 

To evaluate which cellular genes are affected b y  factors 
such a s  viral infection, stress or chemicals, the obvious f irst  
step i s  to identify genes  with significantly different patterns 
o f  expression in two  differently treated samples or at different 
times after a specific treatment, preferably  utilizing the fu l l  
potential o f  genome-scale experiments (Eisen  et al., 1998). 
Several methods f o r  such an analysis  h a v e  been developed, 
one o f  which i s  the clustering method. In this study, w e  
constructed a cluster tree f rom the expression patterns o f  
cellular genes  during the time-course o f  a viral infection 
(Fig. 4 A ) .  Examples o f  these gene expression profi les  w e r e  
also shown in Fig. 4 B .  The relationships between genes are 
represented b y  a tree, the branch lengths o f  which reflect 
the degree o f  similarity between the expression profi les  o f  
genes, as  assessed b y  a pairwise  similarity function. This 
clustering o f  genes that have  unrelated sequences but similar 
patterns o f  expression indicates that the genes with similar 
functions clustered tightly together. 

Concluding remarks 

The cDNA microarray technique i s  a high-throughput 
approach, and has, therefore, become very  useful  in the f ield 
o f  biology. In particular, interactions between viruses  and 
h o s t  cel l s ,  molecular  pa thogenes i s  o f  the  v i r u s  or the 
resistance mechanisms o f  the infected host cells are easily 
e x a m i n e d  b y  this  technique.  In the present  study, w e  
demonstrated h o w  the cDNA microarray technique can b e  
applied to viral  infections. First, to exclude the data noise, 
cDNA microarray data must  originate f rom at least t w o  
independent biological samples processed under the same 
conditions. Second, although the noise in the microarray data 
for  a single gene  is considerable, clustering analysis can b e  
particularly useful  insofar a s  it can group genes with similar 
functions, even when the genes  in a particular group are not 
obviously biologically related. In this way,  similarities in 
g e n e  e x p r e s s i o n  p r o f i l e s  m a y  present  a n  e a s y  w a y  to 
provisionally attribute functions on a genomic scale. This  
conclusion i s  in agreement wi th  an earlier report b y  Eisen  et 
al. (1998).  Therefore, the time-course approach and the 
cluster  a n a l y s i s  a r e  v a l u a b l e  tools  o f  inves t igat ion o f  
interactions between viruses  and host cells  using the cDNA 
microarray technique. 
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