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ABSTRACT: The occurrence of natural killer cells and large granular lym
phocytes (LGL) within the epithelium of colonic mucosa in children with 
inflammatory bowel disease (IBD) was compared to normal controls. Their 
numbers and localization within the epithelium from various regions of the colon 
were analyzed with immunohistochemical techniques using fluorescent, light 
anJ electron microscopy. The average number of natural killer cells and LGL in 
normal controls was 3.0±1. l per mn/. In comrasc, there were no natural killer 
cells in the gut epithelium of children with IBO, irrespective of d1sea~e activity, 
whether the biopsy specimen~ were obtained from involved or uninvolved 
inflammatory regions of the gut, or the treatment status of the patients. However, 
the number of natural killer cells was normal in patients in remission with 
left-sided colitis. The lack of natural killer cells and LGL in the gut epithelium 
in children with IBD may be indicative of a possible genetic predisposition. The 
authors also present a new therapeutic strategy consisting of low <lose interferon
alpha-2a that is efficacious in ameliorat ing ulcerative col iris and Crohn's disease 
and concomitantly increasing the number of natural killer cells and LGL in the 
gut. CanJ Gastroenterol 1990;4(7):303-308 (pour resume, voir page 304) 
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INFLAMMATl)RY F\t)WF.I l)ISF.ASF 

(lBD) 1s a chronic disease Lh:mic 
temed by inthmmatory cell mfiltrares 
and severe h1swlog1cal alterauons of 
the mucosa and suhmuu)sa of the gut 
Ne11plast ic trnnsfornrntton ha;; heen 
documented 111 many of the cases. One 
possihle cause nf IBD may he a deficien
cy in anugcn-spec ihc suppressor T cell 
funLt1nn (I). The number and acttviry 
of nacural killer cells present in blood 
was signitkantly lower in ulcerative 
colitis and Crohn's dbease patients 
than in normal individuals (2-4 ). Al
logeneic mixed lymphocyte reacuon.s 
were equivalent in both IBO patients 
and normal controls (5). In comrast, 
histological analyses of natural killer 
cells in colonic. mucosa did not reveal 
any significant differences hetwecn 
patients with IBO and normal healthy 
controls ( 6). 
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Deficience en cellules tueuses (N K) et en LGL dans 
!'epithelium intestinale des enfants porteu rs de maladies 
inflammatoires de l'intestin 

RESUME: La presence des cellules NK et des LGL dans !'epithel ium de la 
muqueuse colique des enfants porteurs de maladies inflammatoires de l'intestm 
a ete comparee a celle des controles normaux. Leurs nombres et leur situation a 
l'interieur de l'epithelium de di verses regions du colon Ont ete analyses a l'aide 
de techniques immunoh1stochimiques microscopie en fluorescence, photonique 
et eleccrom4ue. Le nombre moyen de cellules NK chez les controles normaux 
ctait de 3,0±1, l cellules/mm2

. En comparaison, !'epithelium des enfants porteurs 
de MII ne comptait aucune cellule NK, independamment de l'activite de la 
maladie, du site de prelevement des pieces de biopsie (segments inflammatoires 
atteints ou non) ou du statut de trairemenc des patients. Pourtant, le nombre de 
cellules NK etair normal chez les patien ts en rem1ss1on porteurs de colite a 
predominance gauche. L'absence de cellules NK dans !'epithelium de l'intestin 
des enfants atteints de MII semble trahir une predisposiuon genetique possible. 
Les aureurs proposenr une nouvelle strategie therapeutique consistant en de 
faible doses d'interferon alpha-2 - posologie qui ameliore la CU et la maladie de 
Crohn tout en augmentant le nombre de cellules NK au niveau de l'intestm. 

There is currently no evidence for a 
specific immunocytotoxic mechanism 
that can explain the destructive in
flammatory process of IBO. The 
authors have investigated the location 
and distribution of the various immune 
cells in the gut of children with IBO; 
more especially, they have con
centrated on natural killer cells. Light, 
fluorescent and electron microscopy 
was useJ to ascertain the in situ num
bers and position:; of natural killer cells 
in the gut. 

PATIENTS AND METHODS 
For the past several years, the 

authors have attended 16 children, 
aged two to 17 year~, who had ulcera
tive colitis or Crohn's disease. Nine had 
active disease confirmed by clinical 
criteria and histological evidence; 
seven were in remission. Multiple biop
sies were obtained at the time of surgery 
or colonoscopy of both involved and 
uninvolved regions of the gut. The 16 
patients were compareJ with seven 
normal individuals. 

The control individuals underwent 
a rectosigmoidoscopic procedure be
cause of one o( the following reasons: 
juvenile polyps, suspected neuronal in
testinal dysplasia, or suspected 
neuronal ceroid lipofuscinosis. None 
had clinical symptoms of colitis; his
tological analyses also confinned their 
normality. 

lnterferon-alpha-2a therapy: One 
patient, a 14-year-old girl, had been 
suffering from ulcerative colitis for two 
years. Her disease had recently 
progressed to pancolitis; she, therefore, 
was being considered for a colectomy. 
Her colitis activity index (CAI) was 18; 
the endoscopic activity index (El) was 
8 (8). She was placed on an interferon
alpha-2a regimen of 3 MU/day sub
cutaneously three times per week for 
three months during which time CAI 
and EI were closely monitored. Tissue 
biopsies were obtained from the rectal 
and sigmoid regions of the gut for his
tologica I and immunohistochemical 
evaluations at four and eight weeks fol
lowing the initiation of interferon
alpha-2a treatment. 
Tissue processing: Tissues were ob
tained during endoscopic procedures 
from various regions of the gut of 
children with IBO. They were fixed 
either in 2% paraformaldehyde plus 
0.1 % glutaraldehy<le (for semi-thin sec
tion immunohistochemical proce
dures), o r 2% glutaraldehyde (for 
electron microscopic routines) in phos
phate buffered saline (PBS) (0.15 M 
sodium chloride, 0.01 M phosphate 
buffer, pH 7.3) for l to 2 h at room 
temperature. Tissue samples were then 
rinsed several times in PBS (10 mins 
each) and immersed in 0.05 M am
monium chloride in PBS for 30 mins to 
neutralize the free aldehyde groups. 

l 
After rinsing three times in PBS (IO 
mins each), the tissue was dehydrated 
in graded ethanols and embedded in 
Epon 812 (9) . 

Semi-thin sections (0.5 to 1.5 µm) 
were mounted on polylysine-treated (I 
mg/mL for 5 mins) glass slides. The 
Epon was removed (not etched) accor
ding to Maxwell (10), following which 
the slides were immersed in Lugol's 
solution ( l % iodine in 2% aqueous 
potassium iodide) for 5 mins, then 
washed thoroughly before rinsing in 
2.5% aqueous sodium thiosulfate solu
tion for 3 mins. The slides were rinsed 
in gently running tap water for 5 mins, 
then transferred to distilled water. 

Natural killer cells were identified 
immunohistochemically by means of a 
specific monoclonal antibody, anti, 
leucine-11 (Becton-Dickinson). The 
antibody was diluted ( l :20) in PBS+++ 
( 1 % goat serum, 0.05% Tween 20 and 
0.1 % Triton-X). The primary antibody 
incubation was for 1.5 h at 25°C. The 
slides were washed in PBS three times 
(10 mins each). A second antibody, 
polyvalent goat anti-mouse IgG ( whole 
molecule) gold conjugate 10 nm 
(Sigma Chemical Co, Missouri) was 
diluted (1 :50) in PBS+++ and in, 

cubated and processed in the manner 
described for the primary antibody. 

The gold particles were visualized 
with a light microscope by means of a 
si lver enhancement procedure (Sigma 
Chemical Co, Missouri). 

Alternatively, the cells were iden· 
nfied directly with a fluorescent micro, 
scope after incubation with either a 
primary monoclonal antibody directed 
against leucine- 11, conjugated with a 
fluorochrome ( fluoresce in isothio
cyanate conjugate), or identified in, 
directly with a second antibody, goa1 
anti-mouse fluorescein isothiocyanate· 
conjugated antibody. 

Photographs were taken with a Zeis; 
Photomicroscope III using Kodak 
TMAX 400 film with phase contrast ob, 
jectives plus a blue conversion filter. 
Electron microscopy: The grids with 
ultrathin sections were placed on drops 
of PBS (plus 1 % bovine serum albumin) 
for 5 mins. The primary antibody 
(diluted 1 :20) was then placed on the 
sec ti ons and incubated at room 
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Figure 1) A natural killer cell (nk) within the colonic epiihelium of normal controls and in 
inflammatory bowel disease patients in remission. The anti-leucine-11 (CD 16) antibody is labelled 
with a gold conjugate enhanced with silver X 1270 

Figure 2) A natural killer cell ( nk) within the lamina propria of a control, and in all patients with 
inflammatory bowel disease. The anti-leucine-1 I (CD 16) is labelled with a go/a conjugate enhanced 
with silver X 1250 

temperature for 1 h. The grids were 
washed three times in PBS (3 mins 
each) and then incubaLed for 1 h with 
protein A conjugated with 20 nm gold 
at appropriate dilutions. The grids were 
washed in PBS (2X2 mins) and then 
counterstained with uranyl acetate (3% 

in distilled water for 15 mins). Follow
ing two additional washes with distilled 
water (2 mins each), the sections were 
counterstained with lead citrate for 2 
mins. A Zeiss electron microscope (EM 
109) was used to examine and 
photograph the tissue sections. 
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RESULTS 
Natural killer cells are charac

teristically large granular lymphocytes, 
mainly located within Lhe epithelium 
and in the proximity of the basement 
membrane in controls. More often they 
are situated within the superficial 
epithelium rather than within the 
crypts of the gut. 

When the natural killer cells were 
visualized with a monoclonal antibody 
that is specific for natural killer cells 
(anti-leucine-11, CD16}, the labels 
were located within granules in the 
cytoplasm of the cells as well as on the 
surface of the cells, but they were never 
within the nucleus (Figures 1,2). Ap
parently the anti-leucine-11 (CD16) 
antigens had been internalized by the 
natural killer cells. 

The fine structural analysis of 
natural killer cells revealed characteris
tic electron-dense granules scattered 
throughout the cytoplasm Lhat were 
usually localized around the nuclear 
notch. Furthermore, at the ultrastruc
tural level, the Golgi apparaLus was 
prominent an<l surrounded by dense 
granules. Occasionally, microtubule or
ganizing centres were found. 

Within the epithelium of the con
trol group, there were 3.0±1. l natural 
killer cells per mm 2 (Table l) . None of 
the nine patients with IBD had natural 
killer cells located in the epithelium 
regardless of whether the tissue was 
normal or abnormal, nor whether it was 
obtained before the start of treatment 
(n=Z) or with relapse <luring Lreatment 
( n = 7) (Table l). Of the seven patients 
who were in rt>mission, three had no 
natural killer cells in the epithelium 
while four, including the 14-year-old 
girl, had 4.08±1.65 natural killer cells 
per mm2 present. In this group of 
patients with natural killer cells, all had 
suffered originally from left-sided 
colitis, while those lacking natural 
killer cells had pancolitis during the 
active state of the disease. Natural 
killer cells were found in the lamina 
propria of the gut in all individuals, 
normal individuals and those with IBO 
(Figure 2). The 14-year-old girl who 
was created with interferon,alpha,2a 
for a period of three months achieved 
clinical, radiologic and histologic 
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TABLE 1 
Distribution of natural killer (NK) cells 
in inflammatory bowel disease (IBD) 
patients and normal controls 

Patient Noof NK cens· % 
group subjects potlentst 

Controls 7 304 (1 1) 100 
IBD 9 0 0 
IBD 7 2.33 (2.7) 57 

remission 
"Mean number of NK cells per mrrf (SD). 
t Patients who hove NK cells 

remi~ion after only six weeks of treat
ment. The CAI decreased from 18 to 2 
while the El went from 8 to 2. These 
dramatic changes were confirmed en
doscopically and by histological ex
aminations of rectal biopsies obtained 
four and eight weeks after the start of 
the treatment. No ulcerations were 
detected, and only a few small crypt 
abscesses (occurring rarely) were ob
served during the first and second en
doscopic procedures. Significant 
regeneranve changes occurred follow
ing mterferon-alpha-2a treatment. As 
early as four weeks following the com
mencement of treatment, the number 
of natural k ii !er ce tis had increased to 

4. 5 cells per mm2 m the epithelium of 
the gut; the same number of cells was 
observed during the second biopsy pro
cedure. This represented a significant 
increase in the number of natural killer 
cells m the epithelium compared with 
no cells observed initially. 

The second patient had had Crohn 's 
disease for the past 10 years with several 
relapses and two major surgeries. He 
was steroid-dependent and developed 
severe perianal lesions. Both intensive 
medical and surgical treatment were 
unsuccessful m ameliorating this 
perianal disease. Although he received 
steroids, metronidazole, an elemental 
diet and 5-aminosalicylic ac id (5-
ASA) treatment in the past l. 5 years, 
he lost 10 kg of body weight and was 
admitted to hospital with a CDAI of 
355 and h1stolog1cally confirmed 
relapse. At entry, no natural killer cells 
were found within the colonic 
epithelium. Steroids, metronidazole 
and 5-ASA were discontinued and his 
normal diet supplemented with an 
elemental diet. Eight weeks after start
mg treatment with mterferon-alpha-2a 

306 

Figure 3) A 'Tesung' natural killer cell m che colomc e/mhelium of a concrnl. The /)Totem A co111u~a1eJ 
20 mn gold particles (amxus) are fixed wan anu-leucine-11 (Cl)/ 6) monrxlonal antibody spec1frc 
for natural killer cells X 14,350 

significant amelioration of his disease 
was achieved. B10psy result:, confirmed 
remiss ion. Histology revealed the oc
currence of natural ki ller cells in the 
colonic epithelium (average number of 
natural killer cells 7. 5/mm\ The 
patient has now been treated for fou r 
months with interferon alpha-2a and 
remains in full remission. He gamed 8.5 
kg and his current CDAl is 80. T he 
perianal lesion is almost completely 
closed and he has been discharged from 
the hospital. Treatment with inter
feron-alpha-2a will be continued using 
the same dose and schedule for another 
two months. Following this period, the 
interferon-alpha-2a will be ad
ministered once a week at the same 
dose of 3 Mu given subcutaneously. 

DISCUSSION 
Previous studies of nm have used m 

vitro procedures with cells isolated 
from intestinal tissue or peripheral 

blood (2-5, 7,l l, l 2). These cells may he 
only a small subset of the lymphoiJ 
populatton that occur in the gut, anJ 
they prohably arc not representative of 
the actual number and types of cdl( 
present m situ ( 13 ). Therefore, it 11 

imperative to compare the m situ cd
lular cornposinon of mtesunal lympho
cytes from normal and lBD patient\ m 
order to obtain a better idea of the ac, 
tual conditions encountered during an 
inflammatory response in the gut. 

T he number of natural killer cells m 
peripheral blood and in the intestine 
was similar m patients with IBO anJ 
normal individuals (5,6, I 2, I 3 ). Several 
groups have recently reported a s1gmfi
cantly lower level of activity m hoth 
natural killer celb and antibody-de
pendent cellular cyLOtox1city in IBO 
patients (2-4,14,15). The authors have 
detected a decreased numher of natural 
killer cells within the colonic er•· 
rhelium of children with Crohn's dis-
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ease or severe ulcerative colitis (pan
colitis) independent of the activity of 
the disease. A decrease in the number 
of natural killer cells may represent a 
possible primary etiological factor of 
IBO. This phenomenon appears to be a 
localized problem occurring only in the 
colonic epithelium of patients with 
IBO. Consequently, it may lead to a 
defect in the immunological response 
of these individuals. 

Natural killer cell activity has been 
found to be inhibited in IBD patients 
who have been treated with sulpha
salazine ( 16). This effect seems to be 
reversible, although it is not as ap
parent in patients who have been 
created with 5-ASA ( 16). 

Natural killer cells isolated from 
peripheral blood had decreased activi
ties seemingly independent of treat
ment; this decreased activity has been 
attributed to a defect in the maturation 
process of natural killer cells in patients 
with IBO (2). A lack of natural killer 
cells that was independent of treatment 
was also observed which was in agree
ment with Hayashi et al (2 ). In contrast 
to the observations found in IBD 
patients, patients with left-sided ul
cerative colitis who were in remission 
had a normal number of natural killer 
cells present in the epithelium of the 
gut. This may serve as an indication of 
the activiry of ulcerative colitis; alter
natively, it may distinguish between 
rwo groups of patients with distinctly 
different etiologies. 

Several immunological mediators 
have been used to alleviate an inflam
matory response. Interferon-gamma is 
capable of enhancing the activity of 
natural killer cells isolated from 
peripheral blood in normal and IBO 
patients (3,14). However, the en
hancement of natural killer cell activ
ity in IBD patients was significantly 
reduced, whith indicates that there 
may be a primary defect in the natural 
killer cells of patients with IBO {3, l 4 ). 
In general, interferons alpha and 
gamma enhance cytotoxic activity of 
natural killer cells and neutrophils 
(I 7). Interferon-gamma is known to 

stimulate the growth of B and T lym

phocytes and to initiate differentiation 
of B cells ( 17). Furthermore, inter-

fcron-gamma up-regulates major h1sro
compatibility complex (MHC) class II 
antigens (18). Interferon-gamma as a 
therapeutic agent in Crohn's disease in 
adults has had only a limited efficacy 
(4,19,20). A possible explanation for 
its minimal therapeutic effect may be 
attributed to the fact that interferon
gamma has little down-regulating ef
fect on interleukin-I (17 ). Therefore, 
the reduction of interleukin-! synthesis 
may provide an additional anti-inflam
matory influence in patients with IBD. 
Consequently, interferon-alpha was 
used to down-regulate interleukin- I, to 

limit the stimulation of MHC class II 
antigens, co enhance cytotoxic and 
cytostatic activiLy, and to induce anti 
viral activity. Interferon-alpha also has 
a negative influence on antibody and 
hypersensitivity responses and in

creases MHC class I antigens ( 17); its 
presence, accordingly, may furrher 
ameliorate the inflammatory status of 
paLients with IBD. Furthermore, inter
feron-alpha but not interferon-gamma 
is known to be a potent stimulator of 
natural killer cell activity (21, 22). 

At present there arc no data pertain
ing to interferon-alpha's role with 
natural killer cells and impact on the 
inflammatory course of IBO. Therefore, 
the present observations of an in
creased number of natural killer cells 
concomitant with an amelioration of 
ulcerative colitis following interferon
alpha-2a treatment is of particular im
ponance. It demonstrates that mter
fcron-alpha-Za has either a prolifera
tive effect and/or a chemotactic effect 
on natural killer cells. Consequently, 
by increasing MHC class I antigen ex
pression, or by enhancing the recogni
tion of antigen hy natural killer cells, 
these and other possible 1mmuno
modulating effects by interferon-alpha-
2a may be responsible for inducing remis
sion in ulcerative colitis ( 17). 

In addition to the usual labelling of 
CD 16 on the cell surface of natural 
killer cells by a monoclonal antibody 
(anri-leucine-1 l ), these antigens were 
internalized by the cell into granules 
located in the cytoplasm. This 
phenomenon may be an indication of 
an activation pathway for natural killer 
cells that is similar to one recemly 
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reported for murme T cells (EL-4 cell 
lme). Curtis ct al (23) suggested that 
the internalization of the cell surface 
receptor complex for interleukin- I was 
correlated with interleukin- I signal 
transduction events required to induce 
growth factor production. The sub
sequent transport of the internalized 
complex en Lhe nucleus suggests the 
possibility of a nuclear site for signall
ing. Indeed, an analysis ,if natural killer 
cell cytoplasm revealed characteristic 
granules scattered throughout the 
cytoplasm that were usually localized 
around the nuclear notch (24 ). Perhaps 
these granules with natural killer cell 
recepcors are involved in a sign;il 
cransducuon pathway that leads co cell 
proliferation and/or to homing of 
natural killer cells withm the epitheli
um of the gut. 

Finally, one additional major 
biological function of natural killer 
cells should be emphasized. These cells 
have an important role in recognizing 
tumour antigens and thereby eliminat
ing rumour cdls (7). Therefore, hy en
hancing the number of natural killer 
cells, the mk nf neoplas1a in a patient 
with IBO can h<.: significantly reduced. 
Thb correlates well with the observa
tion that patients with left-s,deJ colitis 
have a significantly lower risk for 
dcvelopmg neoplasm (25); this lower 
nsk may be due to the presence of 
natural killer cells m I he 1.:okmic 
epithelium. 
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