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Cultivation in vitro of Ciliated Epi the l ium f r o m  H u m a n  N a s o p h a r y n x  1 
/ 

His to logica l  d i s t r i b u t i o n  of c i l ia ted  e p i t h e l i u m  in asso- 
c i a t ion  w i t h  o the r  cell t ypes  in h u m a n  n a s o p h a r y n x  has  
been  descr ibed  b y  var ious  a u t h o r s  e, 3, whi le  h is togenes is  
has  been  s tud ied  b y  KANAGASUNTHERAM a n d  1RAMS- 
BOTHAM r However ,  t he re  h a v e  been  a few a t t e m p t s  to  
s t u d y  t he  c i l ia ted e p i t h e l i u m  in t i ssue  cultureS,% The  
p re sen t  s t u d y  is p a r t  of t he  work  in progress  on  long an d  
sho r t  t e r m  cu l tures  of n a s o p h a r y n g e a l  mucosa  and  deals 
w i t h  obse rva t i ons  on  c i l ia ted ep i the l ium in vi tro.  

Mater ia l  and methods. Biopsy  m a t e r i a l  o b t a i n e d  u n d e r  
local anae s the s i a  t h r o u g h  an t e r i o r  nares  b y  Luc ' s  forceps 
was used. The  m a t e r i a l  was col lected in s ter i le  Gey ' s  
ba l anced  sa l t  so lu t ion  (BSS-G) a n d  c leaned  u n d e r  a 
d issec t ing  microscope.  I t  was t h e n  t r an s f e r r ed  to B S S - G  
c o n t a i n i n g  penici l l in  100 I U / m l  and  s t r e p t o m y c i n  50 ~,g/ml, 
a n d  f r agmen ted .  4 -6  f r a g m e n t s  were t h e n  m o u n t e d  on  
surface of each  glass cu l tu re  t ubes  as well  as p las t ic  
cu l tu re  f lasks (Falcon) p r e p a r e d  earlier, c o n t a i n i n g  a n  
a l i quo t  i ml  of a so lu t ion  of 30% BSS-G,  50% W a y -  
m o u t h ' s  725/1 chemica l ly  def ined cu l tu re  m e d i u m  an d  
20% foeta l  calf  s e rum (2.5 ml  for p las t ic  flasks). The  
f r a g m e n t s  were al lowed to adhe re  b y  i n c u b a t i n g  t h e  
f lasks a n d  t u b e s  ve r t i ca l ly  for 30 m i n  a n d  were t h e n  
i n c u b a t e d  a t  37 ~ in a rol ler  d rum,  while  p las t ic  f lasks 
were cu l tu red  in a s t a t i o n a r y  s ta te .  Cul tures  were a t t e n d e d  
to da i ly  and  p h o t o g r a p h s  were t a k e n  as required .  Af te r  
6 weeks fine c a r b o n  par t ic les  were i n t r o d u c e d  in one of 
t he  s t a t i o n a r y  t ubes  to  s t u d y  t he  r eac t ion  to foreign 
mate r ia l .  His to logica l  sect ions  were also p r e p a r e d  when-  
ever  feasible. 

Results.  Cell types .  New cells s t a r t e d  to grow f rom t h e  
e x p l a n t s  a f te r  a b o u t  2 days.  The  g rowth  in s t a t i o n a r y  
cu l tu re  on  p las t ic  surface  was more  un i form,  a n d  v igorous  
t h a n  in r o t a t i n g  cul tures .  This  newly  fo rmed  ep i the l i a l  
shee t  (Figure 1) consis ted  of t he  fol lowing d i f fe rent  cell 
types .  U n d i f f e r e n t i a t e d  p o l y h e d r a l  a n d  b ipo la r  I i b rob l a s t -  
l ike cells were present ,  a n d  in add i t i on  pa t ches  of c i l ia ted  
cells w i t h  cilia in  ac t ive  m o t i o n  were seen all over  the  
growing sheets  of ep i the l ium.  S imi la r ly  pa t ches  of mucus  
secre t ing  cells, w i t h  cells in  d i f fe ren t  s tages  of m u c u s  
f o r m a t i o n  f rom fine m u c i n o g e n  granules  to  coarse  drople t s  
in process  of ex t rus ion ,  were also seen. Some free drople t s  
m o v e d  v igorous ly  in cu r r en t s  of f luid p roduced  b y  the  
a c t i v i t y  of t he  cil ia f rom a d j a c e n t  cells. O t h e r  mucus  
d rop le t s  coalesced w i t h  each o the r  and  t he  cell debr is  
as well  as w i t h  c a r b o n  par t ic les  wh ich  were i n t r o d u c e d  
in to  t he  cu l tu re  m e d i u m  t h u s  fo rming  s t i cky  masses,  
wh ich  increased  in size a n d  were kep t  ef fec t ively  away  
f rom the  ep i the l ia l  surface  b y  ac t ive  ci l iary m o v e m e n t .  

Growth pattern and behaviour. P r i m a r y  g r o w t h  f rom t h e  
exp l an t s  as obse rved  previously ,  was  in t he  form of 
ep i the l ia l  sheets .  On t he  16 th  day  ac t ive  m a r g i n  of t h e  
f r a g m e n t  showed  a second wave  of p ro l i fe ra t ion  in t h e  
fo rm of b u d s  wh ich  fo rmed  t h i c k e n e d  cel lular  processes  
w i t h  ac t ive  cel lular  t ips.  These  e i the r  sp read  ou t  l ike a 
fan or b e n t  a n d  fused w i t h  t he  t ips  of a d j a c e n t  processes  
enclosing a l u m e n  l ined b y  s t ra t i f i ed  c i l ia ted ep i the l ium 
(Figures 2 a n d  3). Qui te  f requen t ly ,  a f r a g m e n t  of growing 
b u d  was d e t a c h e d  a n d  was t r a n s f o r m e d  in to  a freely 
f loa t ing  vesicle l ined on t h e  outs ide  w i t h  ep i the l ium con- 
t a i n i n g  pa t ches  of c i l ia ted and  goble t  cells (Figure 4). 

Discussion.  This  is t he  f i rs t  a t t e m p t  to  s t u d y  t h e  
b e h a v i o u r  a n d  g r o w t h  p a t t e r n  of c i l ia ted ep i the l ium of 
h u m a n  n a s o p h a r y n x  w h i c h  ha s  been  c u l t i v a t e d  an d  
s tud ied  for more  t h a n  16 weeks. The  p r e sen t  model  
sys t em is the re fo re  more  p romis ing  t h a n  shor t  t e r m  cul- 
tu res  for d i f fe ren t  s tudies  of n a s o p h a r y n g e a l  ep i the l ium 
of h u m a n  n a s o p h a r y n x .  The  p re sen t  s t u d y  reveals  t h a t  

t h e  epi the l ia l  shee t  fo rmed  in cu l tu re  h a d  a close resem- 
b lance  morpholog ica l ly  an d  func t iona l ly  to  n o r m a l  epi- 
t h e l i u m  in vivo.  T h u s  c i l ia ted cells p r o p a g a t e d  in cu l tu re  
c o n t i n u e d  to m a i n t a i n  t he i r  c i l iary ac t iv i ty .  Similar ly ,  
mucous  ceils Cont inued to p roduce  a n d  secrete  mucus .  
Moreover ,  t h e  d i s t r i b u t i o n  of cells in cu l tu re  was such  
t h a t  w h e n  an  ep i the l ia l  shee t  was  formed,  i t  was ac t ive ly  
able  to  wa rd  off foreign m a t e r i a l  a n d  cleanse i tself  b y  
co -o rd ina ted  ci l iary m o v e m e n t  a n d  m u c u s  p roduc t ion .  
These  func t ions  of i nd iv idua l  cells, as well  as t h e  c leans ing  
func t ion  of t h e  shee t  as a whole  were obse rved  r i g h t  f rom 
t h e  t ime  of i m p l a n t a t i o n  up  to th i s  record  (16 weeks).  
The  m o v e m e n t s  of cil ia were i s0chrona l  7. Hence,  move-  
meri ts  of f luid cu r r en t s  were h a p h a z a r d  an d  n o t  in a n y  
pa r t i cu l a r  di rect ion.  Moreover ,  t h e  ac t ive  repuls io  n of 

Fig. 1. Live culture showing epithelium sheet (E) and cohmns (-+). 
x 70. 

Fig. 2. Live culture showing formation of lumina (L). • 70. 

1 This work, under progress, at the University of Singapore is part 
of the Ph.D. thesis. 
M. Y. ALl, J. Anat. 99, 657 (1965). 

3 K. SHANMUGARATNAMandC. S. MolR, inCancero]theNasopharynx, 
UICC Monograph series (]Eds. C. S. MUIR and K. SHANMUGARAT- 
DAM; Munksgaard, Copenhagen 1967), vol. 1. 

4 R. KANAGASUNTHERAM and M. ]~AMSBOTHAM, Acta Anat. 70, 1 
(1968). 
]3. DANES, J. exp. Zool. 172, 417 (1949). 

6 j .  M. RosE, C. M. POMERAT and B. DANES, Anat. Rec. 704, 409 
(1949). 

7 W. BLOOM and D. W. FAWCETT, A Textbook o/Histology, 9th edn 
(W. B. Saunders, Philadelphia 1968). 



874 Specialia EXPERIENTIA 2g/8 

Fig. 3. Live culture showing lumen (L) and separating cyst attached 
to the cellular process. • 37. 

c a r b o n  par t ic les  an d  i ts  b i n d i n g  in to  m u c u s  d rop le t s  were 
of s ignif icance.  If  fo rmed  in vivo,  these  would  go d o w n  
t h e  p h a r y n x  b y  g rav i t a t i on .  The  i sochronal  c i l iary  move-  
m e n t s  as obse rved  in cu l tu re  could n o t  poss ib ly  help  t h e  
flow in p a r t i c u l a r  direct ion,  b u t  would help t h e  f o r m a t i o n  
of b igger  droplets ,  wh ich  would t end  to t r a p  t h e  dust ,  
bac ter ia ,  an d  o the r  par t ic les  an d  which  could f ina l ly  be 
r e m o v e d  b y  the  ac t ion  of p h a r y n g e a l  muscles.  Thus  t he  
e x p e r i m e n t a l  s tudies  seem to c o n t r a d i c t  the  usual  bel ief  
t h a t  t h e  ci l iary m o v e m e n t  Qccurs in a p a r t i c u l a r  di rect ion.  
The  s t u d y  of t h e  g rowth  in cu l tu re  suggests  some in ter -  
es t ing  pos tu la t ions .  The  m i g r a t o r y  m o v e m e n t s  (observed 
f rom 3rd week onwards)  of growing epi the l ia l  co lumn  
wh ich  s u r r o u n d  foreign ma te r i a l s  an d  cell debris,  and  
t h e  f o r m a t i o n  of l u m i n a  l ined w i t h  s t ra t i f i ed  c i l ia ted 
c o l u m n a r  ep i the l ium as well as i ts  f inal  s epa ra t i on  as a 
cyst ,  sugges t  poss ib ly  a w ay  of ge t t ing  r id  of more  s t i cky  
m a t e r i a l  wh ich  c a n n o t  be  dea l t  e i the r  b y  m u c u s  adhes ion  
an d  ci l iary m o v e m e n t  a lone  s. 

Rdsumd. Des cu l tures  d ' 6 p i t h e l i u m n a s o - p h a r y n g i e n  on t  
donn6  na issance  g des couches  et  des colonnes  semblab les  

celles de l ' @ i t h e l i u m  in vivo.  Cet te  d i s t r i b u t i o n  irr6- 
guli~re de eellntes cilif~res, de mucosi t6s,  e t  de cellules 
po lyh6dr iques  o n t  une  ac t ion  coordonn6e  qui  cr6e u n  
6p i the l ium a u t o - d 6 t e r g e n t  qui  expulse  les corps 6t rangers .  
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Fig. 4. Magnified view of the lining of the vesicle showing patches 
of ciliated epithelium (-+). • 340. 
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Ultrastruktur der Symbionten in Ovozyten yon Ornithodorus moubata, Murray (Ixodoidea: Argasidae) 
nach simultaner Glutaraldehyd-Osrniumfixierung und Nachbehandlung mit Uranylacetat (Triple- 
Fixation) 1, 

Mit  einer  Mischung  yon  G l u t a r a l d e h y d  u n d  Osmi u m-  
t e t r o x i d  (OsO4) k o n n t e n  Nach te i l e  gebr~uchl icher  F~xa- 
t i onen  wie OsO~ al lein (O) oder  G l u t a r a l d e h y d  gefolgt  
yon  OsO 4 (G/O) bei  Nie rengewebe  v e r m i e d e n  werden  3. 
D u r c h  zus~tzl iche N a c h b e h a n d l u n g  m i t  w~tssriger U r a n y l -  
a ce t a t l 6 sung  w u r d e n  S t r u k t u r e r h a l t u n g  und  M e m b r a n -  
da r s t e l lung  yon  L e u k o z y t e n  ve rbes se r t  ~. Diese le ich t  
modi f iz ie r te  T r ip l e -F ixa t i on  (TF) erziel te  ebenfa l ls  gu te  
R e s u l t a t e  an  freien Zellen, die mi t t e l s  M e m b r a n f i l t r a t i o n  
aus  k le ins ten  V o l u m i n a  yon  K6rper f l t i ss igkei ten  gewon-  
nen  w u r d e n  5. 

I n  der  vor l i egenden  Arbe i t  soll der  E inf luss  der  T F  
auf  die U l t r a s t r u k t u r  der  r i cke t t s i en / ihn l i chen  Mikro-  
orgXnismen gezeigt  werden,  welche intrazellul~tr in  Zek- 
k e n o r g a n e n  v o r k o m m e n  6-13. Dabe i  gi l t  unse r  I n t e r e s se  
h a u p t s ~ c h l i c h  der  Dar s t e l lung  m e m b r a n 6 s e r  S t r u k t u r e n  
u n d  der  W i r k u n g  des U r a n y l a c e t a t s  auf  die Ver t e i lung  
der  D N A - h a l t i g e n  F ib r i l l en  1~, 15 u n d  auf  die r ibosomen-  
a r t i gen  P a r t i k e l  dieser  Symbion t en .  

Material und Arbeitsmethoden. Die h ie r  v e r w e n d e t e n  
Ornithodorus-Zeeken s t a m m e n  aus  der  U l a n g a - R e g i o n  
(Tansania)  u n d  werdei1 sei t  m e h r e r e n  J a h r e n  a m  Tropen-  
i n s t i t u t  gezi iehtet .  

Die Sek t ion  der  Ovar i en  16 erfolgte  in  phys io logischer  
Kochsa lz l6sung  oder  d i r ek t  im F ix i e rungsgemisch  bei  
0-2  ~ 

Fiir die Fixation hielt ich reich, mit geringen Ab- 
weichungen, an das l~ezept von HiRSCl~ und FXDORKO ~. 
Weil die Ovozyten einen bedeutend gr6sseren Dureh- 
messer aufweisen als Leukozyten und vor allem in den 
sp~ten Vitellogenesephasen schwer durchdringbar sind, 
wurde die Fixierungszeit auf 2 Stunden erh6ht. 

Fixierungsgemisch (n ich t  h a l t b a r )  : 1 Teil  A + 2 Teile B 
(vor G e b r a u c h  bei  0 ~ f r i sch  anse tzen) .  

LO'sung A (ha l tba r ) :  215% G l u t a r a l d e h y d  in O,1M 
Cacody la tpuf fe r  (CP); p H  7,4. 

L6sung B (ha l tba r ) :  1% OsO 4 in 0 , 1 M  CP;  p H  7,4. 


