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Summary. T-lymphocytes are present in normal endome- 
trium, where they may have a role in the control of 
glandular maturation. T-cell activity could be related 
to the local secretion of  cytokines such as gamma inter- 
feron, which has an anti-proliferative effect on endome- 
trial epithelial cells in vitro. We have examined gamma 
interferon immunoreactivity and T-cell distribution in 
24 normal pre-menopausal uteri. Endometrial appear- 
ances were representative of all stages of  the menstrual 
cycle. Most cells in the lymphoid aggregates in the stra- 
tum basalis were stained by T-cell and gamma interferon 
antisera. T-lymphocytes were also scattered in glandular 
epithelium and throughout  the stroma of basal and func- 
tional layers; immunoreactivity for gamma interferon 
was less consistent in these cells. There was no alteration 
in the intensity or distribution of gamma interferon 
staining in different phases of the menstrual cycle. Endo- 
metrial granulocytes (K-cells) present mainly in the late 
secretory endometria were not reactive with the gamma 
interferon antiserum. In addition to endometrial stain- 
ing, T-cells were distributed in all areas of  the myome- 
trium in most uteri, and many myometrial lymphocytes 
were gamma interferon positive. These results support 
a role for gamma interferon in endometrial physiology, 
possibly as an inhibitor of epithelial proliferation. 
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Introduction 

The presence of leucocytes in normal human endome- 
trium is well documented. Studies by Kamat  and Isaac- 
son (1987) and Marshall and Jones (1988) indicate that 
cells expressing the common leucocyte antigen account 
for 10-15% of  all stromal cells in both the proliferative 
and secretory phases of  the menstrual cycle. The leuco- 
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cytic population consists mainly of  macrophages and 
T-lymphocytes, except in the late secretory phase, when 
endometrial granulocytes account for a substantial pro- 
port ion of stromal cells. 

The function of  endometrial lymphoid tissue is uncer- 
tain, although comparison with other mucosal sites rais- 
es the possibility of  a protective role in the response 
to exogenous antigens (Morris et al. 1985). However, the 
lymphoid cells in endometrium differ in organisation 
and phenotype from the characteristic mucosa-associat- 
ed lymphoid tissues of  respiratory and gastrointestinal 
tracts. An alternative role for endometrial lymphoid tis- 
sue has been proposed by Tabibzadeh and co-workers 
(1986a, 1988, 1989), who have suggested that lympho- 
cytes may modulate endometrial glandular proliferation. 
The presence of distinct T-cell aggregates in the stratum 
basalis, where proliferative and secretory activity is least 
expressed, raises the possibility that lymphoid cells exert 
an inhibitory effect on epithelial maturat ion in this area. 
T-cell activity could be related to the local secretion of  
cytokines such as gamma interferon, which has been 
shown to have an anti-proliferative effect on endometrial 
epithelial cells in vitro (Tabibzadeh et al. 1988). To inves- 
tigate further the possible role of  endometrial T-cells 
in vivo, we have examined the distribution of immunore- 
active gamma interferon-containing cells in surgically re- 
sected normal human uterus. 

Materials and methods 

Tissue 

Formalin-fixed, paraffin-embedded blocks of normal pre-meno- 
pausal uterus were obtained from the pathology files of Glasgow 
Royal Infirmary. Cases selected were from patients undergoing 
hysterectomy for cervical disease (cervical intra-epithelial neoplasia 
or stage I cervical carcinoma) or benign ovarian pathology. Pa- 
tients on current hormonal therapy or with a history of menstrual 
abnormality were excluded. The age range was 26-54 with a mean 
of 38.3 years. 

A total of 24 uteri were examined. The endometrial appearances 
were representative of all stages of the menstrual cycle. Using stan- 
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dard criteria (Noyes et al. 1950), endometria were allocated to ear- 
ly(n = 5), mid(n=4) and late(n= 3) proliferative phases, and ear- 
ly(n = 5), mid(n = 2) and late(n = 5) secretory phases. 

Immunocytochemk~try 

Sections 4 gm thick were mounted on silane-coated slides. All cases 
were stained using a standard indirect immunoperoxidase tech- 
nique and diaminobenzidine substrate with the following primary 
antisera: (1) mouse monoclonal antibody MT 1 (CD43, Clonab, 
Solihull, UK) 1/50 to stain T-cells (Ng et al. 1988); (2) mouse 
monoclonal antibody UCHL 1 (CD45RO, Dako, High Wycombe, 
UK) 1/100 to stain T-cells (Norton et al. 1986); (3) sheep polyclon- 
al antiserum to gamma interferon (gift from K. Cantell, Helsinki). 
The specificity, working dilution and methodology for the interfer- 
on antiserum were as previously described (Hamilton et al. 1991). 
The following peroxidase conjugated secondary antisera were used: 
(1) rabbit anti-mouse immunoglobulin (Dako) 1/50; (2) swine anti- 
sheep immunoglobulin (Serotec, Oxford, UK) 1/100. Control sec- 
tions were incubated with the appropriate normal mouse or sheep 
sera in place of primary antisera. 

The antibodies M T  1 and U C H L  I also stained neutro-  
phil po lymorphs .  

In general, no  changes were observed in the number  
or distr ibution o f  T-cells in different phases o f  the cycle. 
A n  exception, however,  was the increase in U C H L  1 
and M T  1 immunoreac t ive  cells in the s t ra tum funct ion-  
alis in late secretory and shedding phases. M a n y  o f  these 
cells had the morpholog ica l  characteristics o f  endome-  
trial granulocytes  (K-cells). However,  no t  all cells con- 
sidered to be endometr ia l  granulocytes  appeared to stain 
with these T-cell antisera. 

A l though  the distr ibution o f  lymphoid  aggregates did 
no t  appear  to alter t h roughou t  the menstrual  cycle, the 

Results 

Immunocy tochemica l  staining with the antisera U C H L  
I and M T  1 showed lymphoid  cells to be distributed 
mainly  in s t ra tum basalis, where they formed distinct 
aggregates in relation to endometr ial  glands (Fig. 1). 
L y m p h o i d  aggregates were less frequently observed in 
the deeper s t ra tum functionalis (Fig. 2). A minor i ty  o f  
lymphocytes  within these aggregates was unstained by 
either antiserum. Smaller groups  o f  immunoreac t ive  cells 
were noted a round  basal vessels and single T-cells were 
also distributed apparent ly  at r a n d o m  within the s t roma 
o f  bo th  basal and funct ional  layers. Intra-epithelial lym- 
phocytes  were observed in mos t  endometr ia ,  occasional-  
ly in relation to basal aggregates but  also within glands 
o f  the funct ional  layer (Fig. 3) and in surface epithelium. 

Fig. 2. Early secretory phase endometrium. Perivascular T-cell ag- 
gregate in stratum functionalis. UCHL 1, • 500 

Fig. 1. Early proliferative phase endometrium. T-cells form distinct 
aggregates in stratum basalis. Single immunoreactive cells are also 
present in the superficial myometrium (M). UCHL 1, x 80 

Fig. 3. Early secretory phase endometrium. Occasional lympho- 
cytes are present within glandular epithelium (arrow). UCHL 1, 
• 785 
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Fig. 5. Early proliferative phase endometrium. Lymphocytes in 
a basal aggregate are immunoreactive for gamma interferon, x 490 

Fig. 4A, B. Late secretory phase endometrium. T-cell aggregate 
adjacent to immature basal-type epithelium. The superficial part 
of the gland shows secretory changes (arrow). A H & E; B UCHL 
1, x 315 

epithelium associated with T-cell areas tended to show 
the least proliferative or secretory development. In a few 
cases, the demarcation between basal-type and secretory 
epithelium in a single gland appeared to be closely relat- 
ed to the presence of  stromal lymphoid elements 
(Fig. 4A, B). 

Gamma interferon immunoreactivity was constantly 
observed in the lymphoid cells in basal aggregates 
(Fig. 5). The intensity of  staining varied between cases 
but  without any clear relationship to phases in the men- 
strual cycle. The perivascular groups in basalis and the 
occasional lymphoid aggregates in the deeper functional 
layer were also stained. Immunoreactivity for gamma 
interferon was less constant in the scattered lymphocytes 
in the functionalis and in general fewer cells were stained 
than with T-cell antisera. The random distribution of  
immunoreactive cells was, however, maintained and 

Fig. 6. Early secretory phase endometrium. Lymphoid aggregate 
in stratum functionalis and intraepithelial lymphocytes (arrow) are 
immunoreactive for gamma interferon, x 565 

again there was no clear relationship with endometrial 
cyclical changes. Intra-epithelial lymphocytes similarly 
gave an inconsistent pattern of  staining with the interfer- 
on antiserum; immunoreactivity was focally present 
(Fig. 6), but most cells were no t  stained, and in some 
instances there was a discrepancy between adjacent stro- 
mal and intra-epithelial lymphocytes. Endometrial  gran- 
ulocytes in the late secretory and shedding endometria 
were not stained (Fig. 7A, B). The gamma interferon 
antiserum also produced inconsistent staining of  glandu- 
lar epithelium, particularly apical cytoplasm; as non- 
immune sheep serum gave a similar pattern, this staining 
was discounted. 



422 

Fig. 8. Myometrium; there are small T-cell aggregates around myo- 
metrial vessels. UCHL 1, x 500 

Fig. 7. Late secretory phase endometrium. Gamma interferon anti- 
serum stains lymphocytes in basal endometrium (A) but not endo- 
metrial granulocytes (arrows) in functionalis (B) in the same biopsy. 
x785 

While the major  purpose of  this study was to examine 
endometrium, it was also clear that surprisingly frequent 
lymphocytes were present in the myometr ium in most  
uteri (Fig. 8). These were distributed singly and in small 
groups of  up to 5-10 cells particularly around small ves- 
sels. Examinat ion of  corresponding H & E-stained sec- 
tions suggested that  the latter were related to small foci 
of  spindle cells which morphologically resembled endo- 
metrial stromal cells. None of  the uteri examined showed 
evidence of  adenomyosis.  Lymphoid  cells appeared more 
prominent  in the muscle adjacent to the endometrial  
junction but were distributed in all areas of  the myome-  
trium. Like the cells in the s tratum basalis, most  myome-  
trial lymphocytes were stained with T-cell antisera and 
were immunoreact ive with gamma  interferon (Fig. 9). 

Fig. 9. Myometrium; lymphocytes are immunoreactive for gamma 
interferon, x 390 

Discussion 

In this study we have shown that T-lymphocytes are 
present in significant numbers  in normal  endometrium, 
where they form distinct lymphoid aggregates, most  
commonly  in the s tratum basalis. Single cells are also 
distributed throughout  the endometrial  s t roma and 
within glandular and surface epithelium. These findings 
are in keeping with previous immunocytochemical  stu- 
dies of  endometrium, which have also demonstrated the 
predominance of  CD8-positive T-cells in all areas (Ka- 
mat  and Isaacson 1987; Marshall and Jones 1988; Mor- 
ris et al. 1985). 
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The function of lymphoid tissue in endometrium is 
uncertain, but a protective role in the recognition and 
response to exogenous antigens has been suggested. En- 
dometrial lymphoid cells could therefore be regarded 
as forming a mucosa-associated lymphoid tissue (Morris 
et al. 1985). However, the endometrium differs in several 
important  aspects from the mucosae of gastrointestinal 
and respiratory tracts. The endometrial milieu is normal- 
ly sterile, and physiological immunogenic challenges are 
restricted to those associated with implantation and 
pregnancy. Menstruation leads to cyclical loss of  the 
functionalis including its associated lymphoid compo- 
nent. Furthermore, endometrial mucosa is unique in that 
most lymphocytes are phenotypically T-cells, while B- 
cell elements including germinal centres and plasma cells 
are scarce or absent. 

An alternative role for lymphoid tissue in endometrial 
physiology has been proposed by Tabibzadeh and co- 
workers (1986a, 1988, 1989), who have suggested that 
lymphocytes, like other stromal ceils, may have a modu- 
latory role in glandular proliferation. It is accepted that 
oestrogenic and progestogenic hormones are the major 
influences in endometrial maturation, but the difference 
in response between basal and functional layers is not 
explained. The close association of T-lymphoid aggre- 
gates with basal epithelium would be consistent with 
the release of T-cell-derived cytokines with a local inhibi- 
tory effect on glandular proliferation. Gamma interfer- 
on, which is secreted by activated T-cells (Klein et al. 
1982), inhibits endometrial epithelial proliferation in vi- 
tro (Tabibzadeh et al. 1988), and gamma interferon re- 
ceptor can be detected on glandular cells of  normal en- 
dometrium using immunocytochemical techniques (Ta- 
bibzadeh 1990). Indirect support for gamma interferon 
release in the stratum basalis is also provided by the 
selective distribution of class II major histocompatability 
complex (MHC) antigens on epithelium in this area 
(Morris et al. 1985; Tabibzadeh et al. 1986b). Gamma 
interferon induces class II M H C  expression on many 
types of cell including endometrial epithelial cells in vitro 
(Tabibzadeh et al. 1986a). In this study, the immunolo- 
calisation of  gamma interferon in T-cell areas is further 
evidence for a role in endometrial physiology. Local re- 
lease of T-cell gamma interferon could be under oestro- 
genic control, as oestrogen receptors have been detected 
immunocytochemically in endometrial lymphoid cells 
(Tabibzadeh and Satyaswaroop 1989). No clear alter- 
ation in cell distribution or interferon immunoreactivity 
was observed in different phases of the menstrual cycle 
and it is likely that other factors, possibly derived from 
lymphocytes or other stromal cells, are also involved 
in the control of epithelial development in the endome- 
trium. 

The function of  intra-epithelial lymphocytes and scat- 
tered T-cells within the functional layer is uncertain. 
Both groups of  cells were less consistently immunoreac- 
tive for gamma interferon than those in lymphoid aggre- 
gates. Intra-epithelial lymphocytes in gastrointestinal 
mucosa, like those in endometrium, are predominantly 
CD8-positive T-cells and have been shown to produce 
gamma interferon in response to phytohaemagglutinin 

in vitro (Ebert 1990). Gut  intra-epithelial lymphocytes 
differ from peripheral blood cells in mitogenic responses 
and may have a specialised role in the reaction to intesti- 
nal antigens; the functional relationship to these cells 
to their endometrial counterparts is, however, not 
known. 

Endometrial granulocytes were prominent in late se- 
cretory endometria and many of these cells were immu- 
noreactive for U C H L  I and MT 1. This is in keeping 
with previous immunocytochemical studies particularly 
in decidualised endometrium (Bulmer et al. 1987; Pace 
et al. 1989). Endometrial  granulocytes are considered to 
represent a specialised lymphoid subset sharing some 
T-cell and natural killer cell surface antigens, and may 
have an immunomodulatory role in embryo implanta- 
tion (Ritson and Bulmer 1987). It is interesting that en- 
dometrial granulocytes were not immunoreactive for 
gamma interferon; experimentally, gamma interferon 
has adverse effects on early embryo growth and trophob- 
last development (Johnson 1989). 

The presence of lymphocytes in normal myometr ium 
has not been previously documented in detail, although 
Ismail (1990) commented on scanty collections of  mature 
myometrial lymphocytes in hysterectomy specimens. 
The T-cell antisera revealed surprisingly numerous single 
cells and small aggregates throughout  the myometr ium 
in most uteri examined in this study. Many cells were 
immunoreactive for gamma interferon. The function of 
these lymphocytes is uncertain, but a physiological role 
similar to that of  cells in endometrium is at least a possi- 
bility. It is of  interest that in the rare uterine leiomyomas 
with marked lymphoid infiltration, many of  the reactive 
cells were U C H L  I positive (Ferry et al. 1989). 
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