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Objective: To test the hypothesis that immunosuppression increases the development and 
progression of endometriosis in baboons. 

Design: Experimental controlled study. 
Setting: Institute of Primate Research, Nairobi, Kenya. 
Participants: Thirty-two baboons (S with normal pelvis, 10 with spontaneous endometriosis, 

and 14 with endometriosis induced by intraperitoneal seeding of menstrual endometrium). 
Intervention: Daily injection of O.S mg/kg 1M methylprednisolone and 2 mglkg azathioprine 

for 3 months in 16 baboons (4 with normal pelvis, 5 with spontaneous endometriosis, and 7 
with induced endometriosis). No treatment was given to the remaining 16 primates. 

Main Outcome Measures: The change in number and surface area (mm2) of endometriotic 
lesions was evaluated by laparoscopy in all baboons after 3 months, in S animals with induced 
endometriosis and in 9 primates with spontaneous disease after 7 and 12 months, respectively. 

Results: Immunosuppressed baboons with spontaneous endometriosis had a significantly 
higher number and larger surface area of endometriotic lesions than nontreated animals. How
ever, immunosuppressed and nontreated primates with induced endometriosis were comparable 
with respect to both number and surface area of implants. A transient decrease in typical lesions 
was noted during immunosuppression. Immunosuppression did not cause the development of 
endometriosis in baboons with previously documented normal pelvis. 

Conclusion: Immunosuppression may increase the progression of endometriosis in baboons 
with spontaneous disease. Fertil Steri11995;64:172-S 
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The pathogenesis of endometriosis has been ex
plained by the intrapelvic transplantation of endo-

metrium shed during retrograde menstruation (1). 
Although most women experience retrograde men
struation, not all develop endometriosis (2, 3). Epide
miologic studies suggest that women of high socio-
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economic class with early menarche, polymenorrhea, 
and a long duration of menses are at high risk for 
developing endometriosis (4). Both volume and fre
quency of retrograde menstruation may be im
portant in disease development. However, determin
ing the quantity of retrograde menstruation and its 
correlation with the development of endometriosis 
is clinically difficult. There is evidence that immune 
surveillance is altered in women with endometriosis 
(5-S), which may facilitate implantation of retro
gradely shed menstrual endometrial cells. Whether 
immunosuppression facilitates the development of 
endometriosis is unknown. 

Immunosuppression has profound effects on cellu
lar and humoral immunity. A global defect of T and 
B cell populations has been found in long-term survi
vors of kidney transplantation treated with S mg/d 
methylprednisolone and 1.5 to 3 mg/kg per day aza
thioprine (9). Conventional immunosuppression, con
sisting of a combination of steroids, azathioprine, 
and antilymphocyte serum, decreases natural killer 
activity; causes a 50% suppression of phytohemag
glutinin, concavalin A, and pokeweed mitogen-stim
ulated blastogenesis; and decreases the T helper:T 
suppressor ratio because of a significant decline in 
T helper cells (10). T suppressor cell function also 
is impaired in peripheral blood lymphocytes from 
transplant recipients receiving azathioprine and cor
ticosteroids (11). Corticosteroids inhibit the genera
tion of lymphokine-activated killer cell activity in 
vitro (12). On the basis of these observations, we 
hypothesized that immunosuppression can inhibit 
immune defense mechanisms proposed to prevent 
implantation of ectopic endometrial cells, thus 
allowing the development of endometriosis. It is not 
ethically possible to study the effects ofimmunosup
pression on endometriosis in women. However, the 
baboon has spontaneous endometriosis with local
ization, macroscopic, and histologic aspects similar 
to the disease in women (13). Therefore, we deter
mined the effects of immunosuppression on the de
velopment and evolution of both spontaneous and 
induced endometriosis in the baboon. 

MATERIALS AND METHODS 

Animals 

This study was performed on 32 reproductive-age 
female baboons (Papio anubis), weighing 12 ± 2 kg 
(mean ± SD), that had been at the Institute of Pri
mate Research for 3 ± 3 years. This project had been 
reviewed and approved by the Institute Scientific 
Resources Evaluation and Review Committee. All 
animals were normally cycling and laparoscopy had 
confirmed the absence of pelvic adhesions. There 
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were 10 baboons with spontaneous biopsy-proven 
endometriosis, 14 with endometriosis induced by in
trapelvic injection of menstrual endometrium, and 
S animals with a normal pelvis (5 sham induced). 
Baboons with spontaneous endometriosis had had a 
laparoscopy for endometriosis screening and staging 
within 1 month before the start of immunosuppres
sive treatment. 

Surgical Induction of Endometriosis 

Inductions (n = 14) were performed during lapa
rotomy (n = 5) or laparoscopy if a transcervical bi
opsy had been obtained (n = 9). Preparation of ani
mals, anesthesia, and laparoscopy procedures have 
been described previously (13). All the peritoneal 
fluid present was aspirated before induction. In nine 
baboons endometrium was obtained during the first 
2 days of menstruation by transcervical biopsy with 
an adapted 2-mm Novak curette (curved tip, small 
opening) (Manufactures de Gembloux, Gembloux, 
Belgium). In the other five baboons the uterus could 
not be probed during the laparoscopy and a laparot
omy (low midline incision) had to be performed. To 
prevent adhesion formation no uterine incision was 
made but the fundus was penetrated with an 1S
gauge needle followed by insertion of a Vertess nee
dle. Subsequently, the adapted Novak curette was 
introduced through the small opening made in the 
fundus. Multiple endometrial biopsies from each an
imal were obtained and pooled for intrapelvic injec
tion, to mimic maximal retrograde menstruation. 
Collected endometrium was placed in a sterile Petri 
dish, weighed, minced with small scissors, resus
pended in 1 to 2 mL sterile 0.9% saline, further frag
mented through an 1S-gauge needle, and seeded on 
top of the peritoneum. Intrapelvic endometrial seed
ing was done on the uterosacral ligaments, uteroves
ical fold, posterior uterine peritoneum and cul-de
sac, broad ligament, and ovaries. The places of in
duction were recorded carefully on a pelvic map con
structed for each baboon. Using a similar approach, 
five baboons with a normal pelvis were sham in
duced with SOO to 1000 mg of omentum, processed 
as described above for endometrium. 

Immunosuppression 

Animals with spontaneous endometriosis selected 
for the immunosuppression group (n = 5, one with 
stage I, four with stage II) and for the nontreatment 
group (n = 5, three with stage I, two with stage II) 
were comparable for the number of endometriotic 
lesions, their surface area, and their American Fer
tility Society (AFS) score (Table 1). Random sam
pling was used to assign baboons with a normal pel
vis (n = S) to the immunosuppression group (n = 4, 
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Table 1 Endometiocic Lesions in Baboons with Spontaneous or Induced Endometriosis After Immunosupression* 

AFS score No. oflesions Surface lesions 

No No No 
Endometriosis Immunosuppression immunosuppression Immunosuppression immunosuppression Immunosuppression immunosuppression 

mm2 

Spontaneous 
(n = 5) 

Initial 10,4 to 14 5,2 to 10 15,6 to 16 7, 1 to 15 80, 11 to 601 12,7 to 184 
(5,10 :!:: 5) (5,5:!:: 4) (5,12 :!:: 5) (5,8:!:: 6) (5,-) (5,-) 

3/12 IS 18,6 to 50 10,2 to 18 32, 14 to 53t 11,6 to 14 286, 51 to 706* 16,8 to 186 
(5,-) (5,-) (5,29:!:: 16) (5,11:!:: 3) (5,-) (5,-) 

9/12 after IS 8,6 to 19 10,2 to 18 42, 12 to 52§ 7,3 to 13 107, 59 to 1166 30,4 to 278 
(4,-) (5,-) (4,37:!:: 18) (5,8:!:: 4) (4,-) (5,-) 

Induced 
3/12 IS 14,4 to 87 15,10 to 94 17,8 to 2 21, 11 to 32 49,10 to 494 53, 14 to 685 

(7,-) (7,-) (7,17 :!:: 6) 
33,4 to 87 14,10 to 44 22, 16 to 26 
(5,-) (3,-) (5,20:!:: 4) 

4/12 after IS 40,4 to 87 14,6 to 47 18, 10 to 31 
(5,-) (3,-) (5,19:!:: 8) 

* Values are medians and ranges with n values and means 
:!: SD in parentheses. -, not relevant for statistical analysis. 

t No. of lesions for 3/12 IS compared in immunosuppression 
versus no immunosuppression, P < 0.02. 

including two with sham induction) or the group 
without treatment (n = 4, including three with sham 
induction). Random sampling also was used to as
sign primates with induced endometriosis (n = 14) 
to the immunosuppressed (n = 7) or nonimmunosup
pressed (n = 7) groups. Immunosuppressive medica
tion was started the 1st day after induction in the 
baboons injected with menstrual endometrium (n 
= 7) and omentum (n = 2). Placebo medications were 
not administered because oflogistic problems due to 
housing in group cages. 

The immunosuppression protocol consisted of 0.8 
mg/kg per day 1M methylprednisolone and 2 mg/kg 
per day 1M azathioprine for 80 ± 9 days, followed 
by a gradual decrease over 28 days ofmethylprednis
olone dosage until treatment was discontinued. This 
dosage was identical to treatment doses used in pri
mates with cardiac xenotransplantation (14). Spe
cial attention was paid to administer the entire dose 
1M. One animal with spontaneous endometriosis re
ceived azathioprine only (76 days) because the stock 
of methylprednisolone had run out. 

Follow-up Laparoscopies 

The first laparoscopy was performed in all baboons 
after 3 months of immunosuppression. A second lap
aroscopy to evaluate the spontaneous evolution of 
endometriosis was performed in animals with in
duced (n = 8) and spontaneous (n = 9) endometriosis 
after 4 and 9 months, respectively. Alllaparoscopies 
were performed by the same investigator. 
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(7,19 :!:: 8) (7,-) (7,-) 
20, 11 to 24 49, 18 to 340 53, 14 to 685 
(3,18 :!:: 7) (5,-) (3,-) 
23,23 to 26 111, 12 to 343 46,29 to 61 
(3,24:!:: 2) (5,-) (3,-) 

* Surface lesions for 3/12 IS compared in immunosuppression 
versus no immunosuppression, P = 0.03. 

§ No. of lesions for 9/12 IS compared in immunosuppression 
versus no immunosuppression, P = 0.03. 

Blood Samples for White Blood Cell Count 

Blood was obtained by venipuncture from 12 ba
boons before and after the 3-month course of immu
nosuppression and from 14 control primates at a 
similar time intervaL The white blood cell (WBC) 
concentration was determined using a Coulter 
counter (Coulter Electronics, Hialeah, FL). 

Endometriosis Screening 

The internal genitalia and pelvic peritoneum were 
evaluated for endometriosis as described previously 
(13). Lesions were classified as typical, subtle, or 
suspicious based on a report by Jansen (15). Typical 
lesions were blue-black puckered lesions or blue
black cysts. Subtle lesions included red lesions (ve
sicular, polypoid, hemorrhagic, red flame-like) and 
white lesions (serous or clear vesicles, white plaques 
with or without clear-white vesicles). Peritoneal or
ange zones (excluding hemorrhagic or yellow-brown 
lesions) or irregular blood vessel patterns were con
sidered as suspicious lesions, because they were seen 
often (13), looked like petechial lesions caused by 
manipulation ofthe peritoneum (16), and have been 
reported to contain only rarely endometriotic glands 
in women (15, 16) and baboons (17). 

During each laparoscopy, the number, size, and 
surface area of endometriotic lesions were recorded 
on a pelvic map made for each animal by the same 
investigator. Because most lesions were circular the 
surface area was calculated using the formula for 
the surface of a circle (11T2) and expressed as number 
mm2• The revised AFS classification for pelvic endo-
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metriosis (18) was used to stage endometriosis, after 
modification to correct for the smaller size of pelvic 
organs. 

Histology 

In the 14 baboons with induced multiple endome
triosis, biopsies (n = 54; 4.2 ± 1.5 per animal, me
dian 4, range 2 to 7) were obtained from typical (n 
= 15), red (n = 11), white (n = 25), and suspicious 
endometriotic implants (n = 3). Tissue samples were 
immediately fixed in 10% phosphate-buffered For
malin, dehydrated, and embedded in paraffin. Four
to-six micrometer sections were stained with hema
toxylin and eosin and histologically evaluated by the 
same examiner (T.M.D.), supervised by two patholo
gists (LD.J. and J.M.LJ. In biopsies from macroscop
ically positive but initially microscopically negative 
lesions, serial sections through the entire lesion were 
made. Endometriosis was diagnosed using patholog
ical criteria of human disease (presence of endome
trial glands and stroma at ectopic pelvic sites). 

Statistics 

Statistical significance (P < 0.05) was analyzed 
with parametric (t-test, analysis of variance) or non
parametric (Mann-Whitney) and X2 (Fisher Exact) 
tests where appropriate. Linear regression analysis 
was performed to determine the effect of endometrial 
weight on the development of endometriosis. 

RESULTS 

First Laparoscopy: Effect of 3 Months of 
Immunosuppression 

Induced Endometriosis 

Biopsy-proven endometriosis was induced in all 
14 baboons. Histologic confirmation was obtained in 
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Figure 1 Effect of3 months of immunosuppression on the total 
surface area of endometriotic lesions in baboons with induced 
endometriosis (n = 14). A significantly larger surface area occu
pied by subtle red lesions (P < 10-6) and smaller area of subtle 
white (P = 1 X 10-5) and typical lesions (P = 0.0009) was noted 
in immunosuppressed (IS, n = 7) baboons when compared with 
nonimmunosuppressed animals (non-IS, n = 7). Lesions: ., suspi
cious; ~, subtle red; D, subtle white; H, typical. 
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Figure 2 Effect of3 months of immunosuppression on the total 
number (A) and total surface area (B) of endometriotic lesions in 
10 baboons with spontaneous endometriosis. During immunosup
pression (IS), both number (P = 6 x 10-., A) and surface area (P 
< 10-6 , B) of subtle white lesions increased, but a significant 
decrease was found in the surface area occupied by subtle red 
implants (P < 10-6, B) and in the number of typical lesions (P 
= 0.001, A). In nontreated (non-IS) baboons, the surface area oc
cupied by subtle white lesions decreased (P = 0.01, B) whereas 
the surface area of subtle red implants increased (P = 0.007, B). 
Lesions: ., suspicious; ~, subtle red; D, subtle white; H, typical. 

35 of 54 (65%) biopsies removed at laparoscopy. The 
mean number of positive biopsies was 2.6 ± 1.5 per 
primate and was comparable in immunosuppressed 
and nontreatment animals. The confirmation rate 
was 80% (2/15) for typical, 82% (9/11) for subtle 
red, 56% (14/25) for subtle white, and 0% (013) for 
suspicious lesions. Suspicious lesions were excluded 
for further statistical analysis. The wet weight of the 
endometrium used for induction of endometriosis 
varied between 100 and 7,600 mg 0,488 ± 2,205; 
median 775 mg) and was comparable in both immu
nosuppressed and nontreatment animals with in
duced disease. The AFS score, number, and surface 
area of endometriotic lesions were comparable in all 
animals with induced endometriosis regardless of 
receiving immunosuppression (Table 1). Moderate to 
severe endometriosis was induced in three of seven 
immunosuppressed baboons and in three of seven 
primates without treatment. Ovarian endometrio
mata were not observed in any animal with induced 
disease. A significantly larger surface area occupied 
by subtle red lesions (P < lO-6, Fig. 1) and smaller 
area of subtle white (P = 1 X lO-5) and typical le
sions (P = 0.0009, Fig. 1) was observed in induced 
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Figure 3 Follow-up 4 months after cessation of immunosup
pression in baboons with induced endometriosis (n = 8). In both 
immunosuppressed (IS, n = 5) and nonimmunosuppressed (non
IS, n = 3) groups the peritoneal surface area occupied by typical 
implants increased (IS: P = 0.004, non-IS: P < 10-6) and the area 
covered by subtle red lesions decreased (IS and non-IS: P < 10-6 ). 

The surface ofthe subtle white lesions increased (P = 0.0001) in 
immunosuppressed primates. Lesions: ., suspicious; ~, subtle 
red; D, subtle white; ~, typical. 

baboons after immunosuppression when compared 
with those without treatment. 

Spontaneous Endometriosis 

In both immunosuppressed and nonimmunosup
pressed animals with spontaneous endometriosis, no 
significant change in AFS score, number, or surface 
area of lesions was noted after 3 months when com
pared with findings at the initiallaparoscopy (Table 
1). However, the median number (P < 0.02) and me
dian surface area (P = 0.03) of endometriosis lesions 
were significantly higher in baboons with spontane
ous endometriosis after 3 months of immunosup
pression then in primates with spontaneous endo
metriosis not receiving treatment during the same 
time interval (Table 1). A more advanced AFS stage 
was observed in four of five immunosuppressed ba
boons (one from stage I to stage II, two from stage 
II to stage III, one from stage II to stage IV) and in 
one offive nonimmunosuppressed animals (one from 
stage I to stage III). The animal that had received 
only azathioprine developed large (4 to 5 cm diame
ter) bilateral ovarian endometriomata. During im
munosuppression, both number (P = 6 X 10-\ Fig. 
2A) and surface area (P < 10-6 , Fig. 2B) of subtle 
white lesions increased, but a significant decrease 
was found in the surface area occupied by subtle red 
implants (P < 10-6 , Fig. 2B) and in the number of 
typical lesions (P = 0.001, Fig. 2A). In nontreated 
baboons, the surface area occupied by subtle white 
lesions decreased (P = 0.01, Fig. 2B) whereas the 
surface area of subtle red implants increased (P 
= 0.007, Fig. 2B). 
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Normal Pelvis 

After 3 months of immunosuppression, endometri
osis was not found in any of the baboons with an 
initially normal pelvis (n = 3) or in sham-induced 
animals (n = 5). Microscopic assessment of biopsies 
obtained from implanted omentum were negative for 
endometriosis. 

Second Laparoscopy: Follow-Up After Cessation of 
Immunosuppression 

Induced Endometriosis (4 months After Cessation of 
Immunosuppression) 

Both mean number and surface area of lesions 
were comparable in immunosuppressed (n = 5) and 
nonimmunosuppressed animals (n = 3) with induced 
endometriosis and were similar to the findings after 
3 months immunosuppression (Table 1). In all ba
boons (Fig. 3) the peritoneal surface area occupied 
by typical implants significantly increased (immuno
suppressed: P = 0.004, nonimmunosuppressed: P 
< 10-6 ) whereas the area covered by subtle red le
sions significantly decreased (both immunosup
pressed and nonimmunosuppressed: P < 10-6). The 
surface area of subtle white lesions significantly in
creased (P =0.0001) in the immunosuppressed ba
boons (Fig. 3). 

Spontaneous Endometriosis (9 Months After Cessation 
of Immunosuppression) 

In both immunosuppressed (n = 4) and nonimmu
nosuppressed (n = 5) animals with spontaneous en
dometriosis, no significant change in AFS score, 
number, or surface area of lesions was noted 9 
months after cessation of immunosuppression when 
compared with findings after 3 months immunosup-
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Figure 4 Follow-up 9 months after cessation of immunosup
pression (IS) in baboons with spontaneous endometriosis (n = 9). 
In the immunosuppression group the peritoneal surface area oc
cupied by subtle white implants and subtle red implants signifi
cantly decreased (P < 10-6 and P = 0.0002, respectively), whereas 
the surface area of typical lesions significantly increased (P 
< 10-6 ). Lesions: ., suspicious; ~, subtle red; D, subtle white; 
~, typical. 
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pression (Table 1). However, a significantly higher 
(P = 0.03) number of endometriotic lesions was ob
served in immunosuppressed baboons with sponta
neous endometriosis as compared with animals that 
had not received treatment (Table 1). In the immu
nosuppression group the peritoneal surface area oc
cupied by subtle white implants and subtle red im
plants significantly decreased (P < 10-6 and P 
= 0.0002, respectively), whereas the surface area of 
typical lesions significantly increased (P < 10-6 , 

Fig. 4). 

White Blood Cell Concentration in the Peripheral 
Blood Before and Mter Immunosuppression 

Three months of immunosuppression resulted in 
a significant decrease in WBC concentration (from 
13.5 ± 3 to 8.0 ± 2.2 X 103/ pL, P = 5 X 10-5), whereas 
no significant change was observed in control ani
mals over the same time interval (13.2 ± 4.9 and 
11.9 ± 4. 2 X 103/pL). 

Complications of Immunosuppression 

One immunosuppressed baboon with induced 
endometriosis died from acute pneumonia unrespon
sive to antibiotics 28 days after the start of immuno
suppression. Another animal with induced endome
triosis developed generalized lymphadenopathy and 
edema 7 months after immunosuppressive medica
tion had been initiated and had to be killed. After 
autopsy, the histopathological diagnosis indicated 
lymphosarcoma. 

DISCUSSION 

In this study, the dosage of the immunosuppres
sive medication was sufficient to cause severe im
munosuppression, as demonstrated by decreased 
peripheral WBC concentration in all immunosup
pressed primates and by the development of lethal 
pneumonia in one animal. Immunosuppression dur
ing 3 months caused progression of endometriosis in 
baboons with spontaneous disease, as evidenced by 
the significantly higher number and larger surface 
area of endometriotic lesions and the increase in 
AFS stage in immunosuppressed when compared 
with nonimmunosuppressed animals. Immunosup
pression did not affect significantly the development 
of induced endometriosis. Baboons with induced en
dometriosis had received a large intraperitoneal 
amount of pooled autologous menstrual endome
trium obtained by multiple endometrial biopsies, 
mimicking an event of maximal retrograde menstru
ation. We speculate that these endometrial biopsies 
were large enough to implant regardless of the im
mune status of the recipient. We cannot exclude the 
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possibility that the implantation of smaller endome
trial fragments may be modulated by immunosup
pression. It is possible that in baboons with a normal 
pelvis the immunosuppressive period (3 months 
= two to three menstrual cycles) was too short to 
allow the implantation of retrogradely shed endome
trium. 

Our anecdotal observation of bilateral endometrio
mata in the animal with spontaneous endometriosis 
that only received azathioprine was interesting, be
cause endometriomata have not been observed in 
previous laparoscopic studies evaluating endometri
osis in baboons (13, 19) or in case reports describing 
extensive pelvic endometriosis with bowel obstruc
tion in this species (20-22). More baboons need to 
be studied to test the hypothesis that immunosup
pression with azathioprine only may facilitate the 
development of ovarian endometriosis. 

Subtle red and white lesions may represent 
younger and more active endometriosis than typical 
implants (15, 23-25). We propose that immunosup
pression may enhance the development of subtle im
plants and retard the physiologic transition from 
subtle lesions to more typical implants. This hypoth
esis is supported first by a decreased prevalence of 
typical lesions after 3 months of immunosuppression 
and second by a significant increase in typical im
plants and a decrease in subtle red lesions during 
follow-up 4 and 9 months after cessation ofimmuno
suppressive treatment in baboons with spontaneous 
and induced endometriosis, respectively. 

In conclusion, the results of this study indicate 
that immunosuppression for 3 months increased the 
progression of endometriosis in baboons with spon
taneous disease but did not affect the development 
of induced endometriosis and did not cause disease 
in baboons with a previously confirmed normal 
pelvis. 
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