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Summary The migra tory a n d  prol i ferat ive act iv i t ies of Schwann cel ls  affected wi th 
leprosy were st udied in  explant  cu l tures of leprous nerves mainta i ned for 4 weeks 
in vitro . In these cu l tures, i t  was observed tha t  Schwann cel l s  harbouring 
Mycobacterium /eprae fai led to migrate from the explan t ,  a t tach to  the cu l t ure 
surface and prol i fera te .  These cel l s ,  t herefore, were e i ther sloughed off or s t i l l  
loca l ized to the explant region at the end of the cu l t ure period . Hence, no 
outgrowths of Schwann cel ls  were obtained from highly baci l l i ferous lepromatous 
nerve cultures.  This was a d irect inh ibitory effect of the intracel lu lar organism on 
the host .  There was no evidence of the effect being mediated through the release of 
any soluble product .  Unparasitized Schwann cel ls ,  however, exhibited normal 
migration,  attachment to cul ture surface and prol iferation . Therefore, a good 
outgrowth of Schwann cel l s  comparable to that from normal nerve was obtained 
from tuberculoid nerve cu l tures .  Fewer Schwalm cel ls migrated from the 
bacteriologica l ly negat ive lepromatous nerve explan t ,  which displayed a normal 
prol ifera t ive act iv i ty .  From the borderl ine t uberculoid nerves, there was migra

tion and pro l i feration only of unparasit ized cell s .  
Th i s  study, thus ,  demonstrates tha t  M. /eprae i nhibits migratory and 

pro l i ferative activity of the host Schwann cel l s .  

Leprosy i s  primarily a disease of the peripheral nerve and i ts  Schwann cel l s .  1 . 2  In 
the lepromatous form of the disease, the Schwann cel ls  harbour Mycobacterium 
leprae . 3  While i n  the tuberculoid form, which shows i nfiltration by the 
immunocompetent cell s ,  it does not harbour the causative organism . 1 , 4  This 
study was undertaken to observe the alteration, i f  any, in the functional status of 
the Schwann cells in these 2 forms of the disease . 

Util izing the in vitro nerve culture technique, the migratory and prol i ferative 
capacity of the leprosy affected Schwann cell s  were assessed , as these activit ies 
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precede the interaction and associat ion of Schwann ce l l s  with the axons during 
the process of regenerat ion and remyel inat ion of the nerve . 5, 6 

Materials and methods 

N E R  VE B I O P S I E S  

Leprosy patients undergoing routine nerve biopsy for diagnostic purposes were 
used in this study. A part of the biopsy was collected under sterile condit ions i n  
minimal essential  medium containing crystal l ine penici l l in  ( 1 00 I U) .  Under the 
d issection microscope, the nerve was cleaned , the perineuri um freely i ncised and 
the i nterfunicular connective t i ssue removed . Each fun icle was then cut  into 1 to 2 
mm squares . Twenty explant cul tures were set from each biopsy. 

C U L T U R E  T E C H N I Q U E  

The funicular pieces were briefly trypsinized (0 ,25% in  phosphate buffered sal ine) 
and explanted on glass coversl ips coated with collagen by the method of 
Bornstei n . 7  The coversl ips were then transferred to sterile plastic Petri d ishes 
(Falcon ,  USA),  and fed with a growth medium consist ing of  75% Dulbecco's 
modified essent ia l  medium, 20% foetal calf serum (Gibco) and 5% chick embryo 
extract (50% EE), 600 mg% gl ucose and ant ibiotics made up of 1 00 iu of 
crystal l ine penici l l in ,  200 f1g streptomycin and 50 iu of mycostat in .  Cul tures were 
incubated at  36°C in  1 00% humidity .  On the th ird day, cytosine arabinoside at a 
concentration of 1 0 - 5  M was added to these cultu res for 48 h to inh ib i t  the 
excessive growth of fibroblasts,8 after which the growth medium was renewed 
twice a week . 

M I G R A T I O N  A N D  A T T A C H M E N T  

Cultures were viewed regularly under the  phase contrast optics of an  inverted 
microscope (IM 35 Carl Zeiss) .  Observat ions were made on the migration from 
the explant  and the at tachment to the culture surface of the outgrowing cel l s .  The 
drained growth medium was collected and checked for the sloughing of  the cel l s  
by centr ifuging the medium at  800 rev/min .  I n  the event of  a cel l  pel let ,  smears 
were prepared on the microscope slides, fixed in 3% formaldehyde for 1 5  min and 
stained using Ziehl-Neelsen's  method . 

P R O  L I F E R  A T I O N  

The prol iferative capacity of the  cultured cel ls  was  assessed by  their abi l i ty to  
synthesize DNA.  For  th i s  1 f1c/ml of 3H-thymidine (specific activity 1 5 ,200 MC/ 
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mmol)  was  added to the cu l ture for 24 h .  Then the  covers l ips were washed wi th  
balanced sa l t  so lu t ion ,  fixed in  acid-alcohol and coated with l l ford K 5  emuls ion 
d i lu ted 1 : 1 i n  dis t i l led water .  The emuls ion was a i r  d ried and the covers l ips were 
stored at 4°C in l ight-proof boxes. After 7 days, the covers l ips were developed , 
fixed and stained using Ziehl-Neelsen' s  method . 

L I G H T  M I C R O S C O P Y  

Cul tures were fixed for Sudan black staining and  l i gh t  microscopic ana lysis in  3% 
glutaraldehyde i n  0 · 1 M sodium phosphate buffer, pH 7 '2 ,  overnight at 4°C .  They 
were rinsed, post-fixed in 2% osmium tetroxide in 0 · 1 M buffer pH 7 ·2  for I h at 
room temperature, rinsed several times, dehydrated to 70% ethanol and stained 
with 0 · 5% SudalJ Black in 70% ethanol . Then, the cu l tures were rehydrated and 
mounted in glycerine je l ly .  Repl icate cu l tures were sta ined for acid-fast  organisms 
by the Zieh l-Nee1sen method and for non-specific esterase accord ing to the 
method described by Bancroft . 9  Al l  the explant  cul tu res were scanned under the 
l ight microscope for the type of the cel l s  in the explant mass and in the cu l ture 
outgrowth .  

Results 

Nerve biopsies were obtained from 1 2  patients from the radia l  cutaneous,  sural or 
u lnar nerves . The pat ients were classified c l in ical ly ,  bacterio logica l ly and 
histologica l ly  as tuberculoid,  borderl i ne and lepromatous according to the 
Ridley-Jopl ing classificat ion .  IO Two normal nerve biopsies were taken from 
volunteers. Relevant c l in ical data of the biopsied nerves i s  presented i n  Table I .  

I n  both the normal and the leprous nerve explant cu l tures, 2 types of cel ls were 
ident ifiable, the Schwann cel l s  and fibroblasts .  The Schwann cel l s  were identified 
under phase-contrast optics by their long spindle shape, denser cytoplasm and 
narrow elongated nuc leus .  These cel l s  were posi t ively stained with Sudan Black 
and non-specific esterase and exhibi ted slow prol iferat ion .  Fibroblasts were 
recognized by their broad flattened morphology, weak staining with Sudan Black 
and non-specific esterase and formation of underlying carpet layer to Schwann 
cells (Figure I ) .  The proportion of these 2 cell types varied depending upon the 
type of leprous nerve explant culture .  The proportion of Schwann cel ls in the 
culture outgrowth of different types of leprous nerve explant cultures is depicted 
in Table 2 and their prol iferative activity is compared in Table 3 .  

T U B E R C U LO I D  N E R V E  

Within 3-4 days o f  culture, the migration o f  cells from the explant became 
evident. The light microscopic picture of the outgrowth from a tuberculoid nerve 
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Table I .  Cli nical detai ls  of patients from whom nerves were biopsied 

Durat ion of 
leprosy Treatment 

Pa tient No. Age Sex Diagnosis (years) (years) Nerve 

FM R 36/82 1 7  F Normal Digi ta l  nerve 
FM R 1 5/83 1 3  M Normal  Sural 
FM R 1 1 /83 1 8  F Lepromatous + ve" 2 Untreated I ndex branch radia l  

cu taneous 
FM R 2/83 25 F Lepromatous + ve 1 2  2 months I ndex branch radia l  

cutaneous 
FM R 20/83  35  F Leproma tous + ve 7 months Ni l  U lnar (dorsa l )  

branch 
FM R 1 2/8 1 35  M Lepromatous - ve" 1 2  1 2  U lnar  
FM R 44/82 M Lepromatous - ve 32 32 I ndex branch 

radia l  cutaneous 
FM R 25/82 1 4  M Border l ine t uberculoid I U l nar 
FM R 30/82 1 9  M Borderl ine t uberculo id 3 2 I ndex branch rad ia l  
FM R 4/83 1 4  M Tubercu loid 6 months Cutaneous branch 

u lnar  
FM R 2 1 /82 34 M Tubercu loid 5 4 Radial  cutaneous 
FM R 1 6/83  2 1  M Tuberculoid U lnar 

" Bacteriological s tatus of  the sk in smear 

Table 2. Outgrowth characteristics of leprous nerve explant cultures. Comparisons made between 
20-day-old cul tures 

Proportion of cell types 
Explant in  the outgrowth" 

Number Cel l ular Schwann Fibroblasts 
Nerve of cul tu'res outgrowth (%) cel l s  (%) (%) 

Normal 40 85 ·0  89 ·3 ± 6·4 1 0 ' 7 ± 2 ' 1  
Lepromatous - ve 40 75 ·0  2 1 · 3 ± 4·8 78 ' 5 ± 1 0 ·2  
Lepromatous + ve 1 60 0 ·0 
Borderl ine tuberculoidt 60 80·0 53 · 1 ± 8 ·2  46·9 ± 9-4 
Tuberculoid 1 20 87 · 5  82 '0 ± 1 0 · 2  1 8 ·0 ± 3 ·2  

.. Results represent mean ± standard deviat ion .  Cel l s  were counted from several fields of each 
cul ture under x 63 oil immersion objective of standard WL microscope (Carl Zeiss) .  

t Outgrowth only of  cel ls not harbouring baci l l i .  
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(a)  

(b) 

Figure 1.  Relationship of Schwann cel l s  and fibroblasts in  tuberculoid nerve explant culture. 
Schwann cel l s  (S)  lying over the fibroblasts ( F) :  (a) Ziehl-Neelsen stain ( x  1 025) ;  ( b) Non-specific 
esterase ( x 1 200).  

Table 3. Proportion of Schwann cells cu l tured from 

leprous nerves i ncorporated with 3H -thymidine 

Nerve 

Normal 

Lepromatous - ve 
Lepromatous + ve 
Borderl ine tuberculoid 
Tuberculoid 

Schwann cel l s  label led (%) 

49 · 2 ± 5 · 3  
3 3 · \ ± 4·2  

40'0 ± 3 ' 2  
48 · 2 ± 6A 

Results represent mean ± standard deviation of 

10 cultures .  Cell s  were counted from several fields of 
each cu l ture under x 63 oi l  immersion objective. 

, 
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Figure 2. A representat ive l ight microscopic picture of a portion of tuberculoid nerve explant 
cult ure. Note large number of Schwann cel l s  and a few fibroblasts .  Sudan Black B stain ( x  350) .  

Figure 3. A port ion of autoradiogram of 2 1 -day-old tuberculoid nerve explan t  cu l ture .  Schwann cel l 
nuclei are heavi ly label led with 3H -thymidine ( x  1 200). 

explant i s  shown in Figure 2 .  The culture outgrowth is dense and is made 
primarily of Schwann cel ls .  On quantitation ,  the Schwann cells formed 82%, 
while fibroblasts formed 1 8% of the outgrowth (Table 2) .  The rich outgrowth of 
Schwann cel ls in  these cultures was due both to the good migration from explant 
as w-ell  as active proliferation of the Schwann cells  in vitro . At the end of 3 weeks in 
culture, 48 ·2% of the Schwann cells were synthesizing DNA (Figure 3 and Table 



(a )  
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( b )  

Figure 4(a). Bacteriologica l ly positive lepromatous nerve explant contain ing cel l s  (C) .  No evidence 
of cel lu lar  outgrowth from explant even after 3 weeks of incubation in vitro ( x  52) .  

Figure 4(b). A utoradiogram of  teased nerve fibres of  bacteriological ly posit ive lepromatous nerve 
main tained for 7 days in vitro . Note the in t racel l ular baci l l i  (arrow) and non-incorporation of 3H _  
thymidine by the  cel l s .  N = N ucleus ( x  850) .  

3). The cellular outgrowth from the tuberculoid nerve explant was comparable to 
that from the normal human nerve explants with respect to density and 
proportion of cell types (Table 2) .  

BO R D E R L I N E  T U B E R C U LO I D  N E R V E  

Outgrowth from the borderl ine tuberculoid explants contained predominantly 
Schwann cells not harbouring M. leprae even though the explan t  region 
contained a mixed populat ion of  cel ls ,  both M. leprae harbo uring and non
harbouring. Schwann cel l s  formed 57% of the cel lu lar  outgrowth .  These cel ls  
showed proliferative activity (Table 3 ) .  

B A C T E R I O L O G I C A L L Y  P OS I T I V E  L E P R O M A T O U S  N E R V E 

There was no migrat ion of cel l s  from the explant of highly baci l l i ferous nerve and 
hence no outgrowth of cell s  from these nerves, a l though the explant region 
contained viable looking cel ls loaded wi th  M. leprae (Figure 4(a) and (b) ) .  Some 
of these nerves were teased and maintained in vitro . The Schwann cel ls  contained 
baci l l i  in clumps and globi ,  and did not incorporate 3H-thymidine .  Therefore in  
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these cu l tures there was no act iv i ty of  migrat ion ,  at tachment and pro l i ferat ion of  
the ce l l s  throughout the cu l ture period . From time to t ime there was s lo ughing of  
the  cel ls ,  wh ich when smeared and stai ned us ing  Ziehl-Neelsen 's  method, 
revea led cel l s  to be loaded with acid-fast organisms .  At  t imes, there was evidence 
of attempted extension or migrat ion of cel l s  from the edge of the explant ,  which 
when followed, were found to be floating i n  the medium suggest ing their inabi l i ty 
to attach to the cu lture surface . 

The lack of migratory and proliferative activity of M. leprae-harbouring 
Schwann cel ls  was a d i rect effect  of  the organism on the host cel l s  as the 
supernatant from the bacterio logica l ly  posi t ive lepromatous nerve cu l tures had 
no effect on the outgrowth of cel ls  from normal and bacterio logica l ly  negat ive 
lepromatous explan t  cu l tures, thus ru l ing out  the possibi l i ty of the effect being 
media ted through any sol uble prod uct .  

B A C T E R I O L O G I C A L L Y  N E G A T I V E  L E P R O M A T O U S  N E R V E  

I n  these cu l tures, there was predominant  outgrowth o f  fibroblasts, Schwann cel l s  
forming on ly  2 1 ' 5% of the cel lu lar  outgrowth, a va lue much lower compared to 
that  of  normal or tuberculoid explant  cu l tures .  The low proport ion of Schwann 
cel l s  i n  these cu l tures was d ue to migrat ion of fewer cel ls from the explant .  A good 
proport ion of migra ted cel ls  synthesized DNA (Table 3 ) .  

Discussion 

The nerves of leprosy patients were cu l tured in vitro in order to study the 
migratory and prol i ferat ive funct ion of Schwann cel l s  in th is  d i sease. The resu l ts 
demonstrate that intracellular M. leprae inhibit  the migratory and prol iferative 
functions of the host Schwann cel ls without affecting the neighbouring unparasit
ized Schwann  cel l s .  Cell s  not harbouring baci l l i  exhibi ted normal migrat ion,  
attachment to the cul ture surface and pro l i ferat ion . I n  these cu l tures Schwann 
cel l s  were identified by their characteristic bipolar spindle shape, a criterion also 
uti l ized by others . I l - l 3 The l ight microscopic picture of these leprous Schwann 
cells cultured in this manner were identical to that described in  another study l l in 
cul tures of  normal nerves . These observat ions demonstrate that the l ight 
microscopic morphology of unparasitized Schwan n  cel l s  i s  not a ltered i n  th is  
d isease . These cel l s  also s ta in with Sudan B lack B and non-specific esterase more 
in tensely than the fibroblast .  The specific stain ing effect of  Sudan Black B and 
non-specific esterase has also been reported . 1 2  

The proportion o f  Schwann cells i n  the outgrowth o f  the leprous nerve 
cultures was determined by the proportion of M. /eprae not harbouring Schwann 
cells in the explant which in turn was determined by the types of leprosy the nerve 
was affected by. Therefore, maximum outgrowth of Schwann cells was observed 



Migration and proliferation of Schwann cells in leprous nerve cultures 329 

i n  the tuberculoid nerve explant  cu l ture .  H owever, these resu l ts  do not suggest 
that the Schwann cel l s  are not affected in the tubercu loid form of the disease, but  
demonstrate that  a large proport ion of the Schwann cel l s  present i n  the nerve i n  
th i s  form of the  d isease have normal prol i ferative and  migratory act iv i ty .  

The inh ibi tory effect of M. leprae on the pro l i ferat ive and migratory act iv i ty 
of  Schwann cel l s  observed i n  th is  study supports our  earl ier observat ions on 
organized nerve cul ture i n  which we reported that  the in tracel lu lar  M. /eprae 

i nh ibi ted the prol i ferative act iv i ty ,  as wel l as the a l ignment and associat ion with 
the axons of host Schwann cel l s .  1 4. 1 5  The mechanism by which M. leprae alters the 
funct ional  status of the parasi t ized host cel l i s  not  yet understood and is  under 
study.  These organisms are not toxic and the protein synthesis of the host i s  
unaffected . 1 5  But  physical occupat ion of  the host cytoplasm by these organ isms 
may a l ter the organizat ion as wel l  as the content of  the cytoskeletal element ,  
which determines the pro l i ferat ive as  wel l  as  the migratory act iv i ty of  the ce l l s  in  
general .  1 6. 1 7  

Since there i s  extensive col lagenizat ion of  the nerve i n  chronic lepromatous 
leprosy , 1 8  i t  could be postu lated that the cel l s  harbouring M. leprae could not 
migrate out of the explant because of entrapment by the col lagen matrix .  That 
th is  i s  not  so was shown by the abi l i ty of  the cel l s  from the eq ual ly  highly 
col lagenized bacteriologically negative nerves l 9  to migrate out of  the explant. 
Further, i n  borderl ine tuberculoid leprosy where there was a fair ly even 
distr ibut ion of cel l s  containing M. leprae and those not contain ing these 
organisms, the abil ity of only the cells not containing M. leprae to migrate also 
confirms that this is a defect induced in the host cel l s  by M. leprae. 

The properties of migrat ion,  a ttachment and pro l i ferat ion of Schwann cel l s  i n  
the peripheral nerve are important for t he associat ion a n d  in teract ion with axons 
as wel l  as  for the organizat ion of  the nerve during development . 20. 2 1  In the adult  
th is  process operates d uring the regenerat ion of  the nerve .22• 23 Our observat ions 
i ndicate that the cel l s  harbouring M. leprae may not  be able to  participate i n  such 
regenerative processes of  the nerve . H owever, with prolonged chemotherapy, i f  
the i ntracel l u lar baci l l i  are cleared, these properties may b e  restored as observed 
in the bacteriological ly negat ive lepromatous nerve explant cul tures .  Poor 
regenerat ion seen in the t uberculoid. spectrum of the d isease may be d ue to the 
degenerat ion of the axons as wel l ,  possibly induced by the infi ltrat ing granu
loma,24. 2s since these Schwann cel ls  in  vitro display normal pro l i ferat ion and 
migrat ion .  

This  study also demonstrates that i t  i s  possible to cu l t ivate Schwan n  ce l l s  in 

vitro from the leprous nerve, thus  providing possibi l i ties for the study of the cel l at  
the membrane and molecular level  in this  d i sease. 
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