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ISOLATION AND CULTURE OF HUMAN INTESTINAL SMOOTH MUSCLE CELLS 

Mar t in  F. Graham*, Robert F. Diegelmann**, Char les  0 .  Elson***, 
K h a l i l  N. Bitar***, and H. Pau l  Ehrlich**** 

Depts. P e d i a t r i c s ,  C h i l d r e n ' s  Medical Center*, Surgery** and Medi- 
cine***, Medical College of V i r g i n i a ,  Richmond, VA 23298, ~ h r i n e r ' s  

Burn I n s t i t u t e  and Massachuset ts  General  Hospital****, 
Boston, MA 02114 

A b s t r a c t .  I n t e s t i n a l  smooth muscle  c e l l s  were i s o l a t e d  from hu- 
man bowel and maintained i n  c u l t u r e  through s e v e r a l  passages.  
These c e l l s  were ob ta ined  by enzyme d i g e s t i o n  of s l i c e s  t aken  from 
t h e  c i r c u l a r  l a y e r  of t h e  m u s c u l a r i s  p r o p r i a  of human jejunum. 
When s u b c u l t u r e d ,  they  i n i t i a l l y  f l a t t e n e d  ou t  and then  began pro- 
l i f e r a t i n g  a f t e r  3  days.  A f t e r  3 weeks i n  c u l t u r e ,  they  began 
a g g r e g a t i n g  i n t o  r i d g e s .  F luorohis tochemica l  s t a i n i n g  revea led  
numerous prominent a c t i n  s t r e s s  f i b e r s .  When t h e s e  c e l l s  were ex- 
posed t o  t h e  C-terminal o c t a p e p t i d e  of c h o l e c y s t o k i n i n  they  con- 
t r a c t e d  i n  a  dose-dependent fash ion .  The a v a i l a b i l i t y  of human 
i n t e s t i n a l  smooth muscle c e l l s  i n  c u l t u r e  w i l l  cons iderab ly  enhance 
our  a b i l i t y  t o  s t u d y  t h e  c o n t r a c t i l e ,  p r o l i f e r a t i v e  and connec t ive  
t i s s u e  responses  of t h e  smooth muscle of t h e  human g a s t r o i n t e s t i n a l  
t r a c t .  

I n t e s t i n a l  smooth muscle c e l l s  p l a y  
a  c r i t i c a l  r o l e  i n  t h e  m o t i l i t y  and 
p h y s i c a l  i n t e g r i t y  of t h e  g a s t r o i n t e s -  
t i n a l  t r a c t .  Cont rac t ion  and r e l a x -  
a t i o n  of t h e  deep muscle l a y e r ,  t h e  
muscula r i s  p r o p r i a ,  r e s u l t s  i n  normal 
a b o r a l  p ropuls ion  and mixing of lumina l  
c o n t e n t s .  The r o l e  of t h e  s u p e r f i c i a l  
l a y e r ,  t h e  muscula r i s  mucosae, i s  un- 
c l e a r  b u t  may involve  m o t i l i t y  of 
v i l l i  (1 ) .  D e s t r u c t i o n  of t h e  muscu- 
l a r i s  p r o p r i a  a s  seen  i n  t h e  t o x i c  meg- 
aco lon  compl ica t ing  u l c e r a t i v e  c o l i t i s ,  
l e a d s  t o  decreased m o t i l i t y ,  progres-  
s i v e  d i l a t a t i o n  and p e r f o r a t i o n  of t h e  
bowel ( 2 ) .  Chronic inflammation of t h e  
bowel w a l l  l e a d s  t o  t h i c k e n i n g  of t h e  
muscle c o a t ,  c o l l a g e n  d e p o s i t i o n  and 
narrowing of t h e  gu t  lumen ( 3 ) .  U n t i l  
now, s t e r i l e  c u l t u r e s  of smooth muscle 
c e l l s  from human bowel have n o t  been 
a v a i l a b l e .  We d e s c r i b e  h e r e  t h e  tech-  
n iques  we have developed f o r  t h e  i s o -  
l a t i o n  and c u l t u r e  of t h e s e  c e l l s .  
The i r  a v a i l a b i l i t y  i n  long  term c u l t u r e  
should c o r ~ s i d e r a b l y  enhance our  a b i l i t y  
t o  s t u d y  t h e  physiology and pathology 
of t h e  smooth muscle of t h e  human g u t .  

M a t e r i a l s  and Methods. 
S o u r c e s  of T i s s u e .  Normal j e j u n a l  

t i s s u e  was ob ta ined  from p a t i e n t s  un- 
dergo ing  g a s t r i c  bypass  o p e r a t i o n s .  
T i s s u e  from t h e  jejunum was used pre f -  
e r e n t i a l l y  because it i s  r e l a t i v e l y  
f r e e  of g a s t r o i n t e s t i n a l  microorgan- 
isms. 

T i s s u e  P r o c e s s i n g .  Once r e s e c t e d ,  
t h e  t i s s u e  was immediately placed i n  
s t e r i l e  phosphate-buf f  e red  s a l i n e  ( 4 ' ~ )  
and t r a n s p o r t e d  t o  t h e  t i s s u e  c u l t u r e  
f a c i l i t y .  Under s t e r i l e  c o n d i t i o n s ,  
mucosa was s e p a r a t e d  from muscula r i s  by 
b l u n t  d i s s e c t i o n .  S l i c e s  were taken  
from t h e  c e n t e r  of t h e  c i r c u l a r  l a y e r  
of t h e  muscula r i s  p r o p r i a  w i t h  a  Sta-  
die-Riggs t i s s u e  s l i c e r ,  minced and in-  
cubated overn igh t  i n  Dulbecco's Modi- 
f i e d  E a g l e ' s  Medium (DMEM) c o n t a i n i n g  
1% crude  c o l l a g e n a s e  (Grade CLS11, 
Worthington Diagnos t ic  Systems, I n c . ) .  
The fo l lowing  day,  r e l e a s e d  c e l l s  were 
s e p a r a t e d  from t i s s u e  d e b r i s  by low 
speed c e n t r i f u g a t i o n  (40 x g ) ,  washed 
s e v e r a l  t imes  and 2 x lo6 c e l l s  were 
p laced  i n  100 mm c u l t u r e  p l a t e s  w i t h  
10 m l  DMEM c o n t a i n i n g  f e t a l  bovine 
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serum (FBS) (GIBCO) and 25 mM Tricine 
(pH 7.4). Culture medium was replaced 
every third day. When the smooth mus- 
cle cells became confluent after 3 
weeks in culture, they were released 
from the plates by trypsinisa ion £ (0.1%) and replated at 2 x 10 cells 
per 100 rnm plate. The smooth muscle 
cells were observed daily and photo- 
graphed for a record of morphologic 
changes. 

Fluorohistochemistry. Cells were 
freed from the culture plate surface by 
trypsinisation. A drop of culture med- 
ium (20 ul) containing 5 x lo4 cells 
was applied to a sterile glass cover- 
slip (22 x 22 mm) in a 100 mm petri 
dish, and the cells were allowed to 
attach for 30 minutes at 37'~ in a 
moist atmosphere. An additional 6 ml 
of DMEM, 10% serum, was slowly added to 
the culture dish and this was again 
placed in a 37'~ moist atmosphere incu- 
bator. At 24 and 48 hours, coverslips 
were rinsed in phosphate buffered sa- 
line (pH 7.6, PBS), and they were 
placed in 4% paraformaldehyde-PBS for 
five minutes at room temperature. The 
fixed slides were washed for five min- 
utes three times in PBS and they were 
then permeabilized in PBS containing 
0.1% Triton X-100 for five minutes. 
The Triton X-100 treated coverslips 
were washed three times in PBS as des- 
cribed above. Rhodamine-phalloidin 
(Microbiological Probes, Inc., Junction 
City, Oregon) was layered onto the top 
of the coverslips at 1:1000 dilution 
and allowed to incubate at room temper- 
ature for 30 minutes. The coverslips 
were washed with PBS three times and 
then mounted in glycerol :PBS (9 : 1) on a 
glass microscopic slide. The stained 
coverslips were viewed in a Zeiss IM 35 
inverted microscope with fitted Rhoda- 
mine filters and epifluoresence. Cel- 
lular stress fiber patterns were re- 
corded with Ektachrome 400 color 35 mm 
film uprated to 1600 ASA. 

Measurement of Contractile Response. 
The procedure as described by Bitar, 
et al. (4) was used to measure the con- 
tractile response of the human intes- 
tinal smooth muscle cells to CCK-octa- 
peptide. A solution containing various 
concentrations of the C-terminal octa- 
peptide of cholecystokinin (CCK-OP, 
Squibb Institute for Medical Research, 
Princeton, NJ) was added to the 6 day 

old cultures of human intestinal 
smooth muscle cells attached to cover- 
slips. The reaction was stopped after 
30 seconds by the addition of acrolein 
to give a final concentration of 1.0%. 
Cell lerigth was measured by image-split- 
ting micrometry and for each test, the 
length of 50 cells in successive random 
microscopic fields was measured and the 
mean length calculated. Contraction 
was expressed as the percentage de- 
crease in mean cell length from control. 
A dose response curve was constructed 
for CCK-OP at concentrations of 
and 10-ll~ (3 experiments) ; 10-lo and 
1 0 - l ~ ~  (2 experiments) and 1 0 - l ~ ~  
(1 experiment). 

Growth Curve. Smooth muscle cells 
released from the bottom of culture 
plates by trypsinisation were plated 
into multiwell culture plates (Costar 
#3524, Cambridge, MA) at two densities; 
lo4 and lo5 cells per well. 1 ml DMEM 
containing 10% FBS was added to each 
well. Cells were released from the 
well bottoms with trypsin at daily in- 
tervals and the total number of cells 
in each of 6 wells were counted using a 
Coulter counter (Coulter Electronics, 
Automatic Blood Cell Counter, Model 
D2N). 

Results. Collagenase digestion of 
approximately 10 cm2 of muscularis tis- 
sue yielded approximately 1 x lo7 via- 
ble cells. Viability by trypan blue 
exclusion was greater than 60%. Newly 
released, oblong-shaped cells (primary 
culture) attached to the plate within 
12 hours and by 7 days they had flat- 
tened out. Following treatment with 
trypsin and subculture, cells flattened 
out within 24 hours and began prolif- 
erating after 2-3 days in culture. 
These cells demonstrated prominent 
intracellular fiber-like structures on 
light microscopy. Fluorohistochemical 
staining with Rhodamine-phalloidin 48 
hours after passage confirmed the pre- 
sence of prominent actin stress fibers 
(Fig. 1 . (Phalloidin, a phallotoxin, 
has been demonstrated to bind specifi- 
cally to F-actin (5)). After 3 weeks 
in culture, cells began to aggregate 
forming ridges (Fig. 2). 

The contractile response (expressed 
as percent decrease in cell length) of 
the human intestinal smooth muscle 
cells to CCK-OP was dose-dependent 
(Fig. 3) . 
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Fieure 1 

Human intestinal smooth muscle cells stained with Rhodamine-phalloidin 
demonstrating numerous, dense actin stress fibers (280  x). Cells were 
passaged 48 hours prior to staining and were viewed with epifluorescence. 

Figure 2 

Cells forming ridges after 3 weeks in culture (70  x ) .  
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CCK-OP ( M ) 

Figure  3 

Dose-response curve f o r  t h e  e f f e c t  of 
CCK-O'P on cu l t u r ed  human i n t e s t i n a l  
smootlh muscle c e l l  con t r ac t i on .  Data 
a r e  average va lue s  and t h e  b a r s  i nd i -  
c a t e  t h e  range of va lue s .  

When t h e  smooth muscle c e l l s  were 
5 subcul tured  a t  lo4 and 10 c e l l s  per  

c u l t u r e  w e l l ,  t h e r e  was a n  i n i t i a l  2 
t o  3 day l a g  i n  p r o l i f e r a t i o n  (Fig.  4 ) .  
This  l a g  per iod  was followed by an  8 
day per iod  of l i n e a r  p r o l i f e r a t i o n  
without  a  d e n s i t y  dependent i n h i b i t i o n  
of growth. 

Discussion.  Techniques f o r  t h e  i so-  
l a t i o n  of smooth muscle c e l l s  have been 
a v a i l a b l e  f o r  some t ime (6 ) .  However, 
s t e r i l e  i s o l a t i o n  and long term c u l t u r e  
of smooth muscle c e l l s  from human in-  
t e s t i n a l  t i s s u e  has  no t  y e t  been pre- 
v ious ly  repor ted .  The technique we 
have descr ibed  provides  a  ready source  
of a  l a r g e  number of human c e l l s ,  t h e  
a v a i l a b i l i t y  of which w i l l  f a c i l i t a t e  
s t u d i e s  of t h e  con t r ac t i on ,  p r o l i f e r -  
a t i o n  and connec t ive  t i s s u e  syn the s i s  
of human i n t e s t i n a l  smooth muscle. 
The p r o l i f e r a t i v e  response of t h e s e  
c e l l s  t o  f e t a l  bovine serum s imu la t e s  
t h a t  of o t h e r  non-human smooth muscle 
c e l l s  i n  c u l t u r e  (6 ,7) .  P r o l i f e r -  
a t i o n  whi le  i n  a  "modulated" s t a t e ,  
t h e  r e t u r n  t o  a  c o n t r a c t i l e  s t a t e  f o l -  
lowing confluence and t h e  subsequent 

2 4 6 8 10 12 
DAYS 

Figure  4  

Growth curves of human i n t e s t i n a l  
smooth muscle c e l l s  p l a t ed  a t  densi-  
t i e s  of l o 4  and lo5 c e l l s / l  m l  wel l .  
C e l l s  were p l a t ed  i n  Costar  mul t iwel l  
p l a t e s  and were counted i n  t r i p l i c a t e  
fol lowing t r y p s i n i s a t i o n .  

formation of aggrega tes  o r  r i d g e s ,  have 
been w e l l  descr ibed  f o r  smooth muscle 
c e l l s  from o t h e r  sources  (6 ) .  The 
very  prominent a c t i n  f i l amen t s  seen by 
f luorohis tochemis t ry  a r e  c h a r a c t e r i s t i c  
of smooth muscle c e l l s  and a r e  no t  nor- 
mally observed i n  f i b r o b l a s t s  o r  endo- 
t h e l i a l  c e l l s  ( 7 ) .  I n  a d d i t i o n ,  t he se  
c e l l s  con t r ac t ed  i n  a  concent ra t ion-  
dependent fash ion  t o  CCK-octapeptide. 
The concen t r a t i ons  of CCK-OP requi red  
f o r  h a l f  maximal (DS0= 10-l1 t o  10-12M) 
and maximal c o n t r a c t i l e  response (40.3% 
decrease  i n  c e l l  l eng th  a t  ~ O - ~ M )  of 
t h e s e  cu l t u r ed  human j e j u n a l  smooth 
muscle c e l l s  were s i m i l a r  t o  t hose  re -  
por ted  f o r  f r e s h l y  i s o l a t e d ,  d i spersed  
human a n t r a l  smooth muscle c e l l s  (4 ) .  
These f i nd ings  s u b s t a n t i a t e  t h e  
i d e n t i t y  of t h e s e  cu l t u r ed  human i n t e s -  
t i n a l  c e l l s  a s  smooth muscle c e l l s .  
S tud i e s  u t i l i z i n g  t h e s e  c e l l s  i n  long 
term c u l t u r e  w i l l  c e r t a i n l y  enhance our  
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understanding of the contractile and 
connective tissue responses of the 
human gut under a variety of both 
physiologic and pathologic conditions. 
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