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Macrophage depletion: a potential immunomodulator treatment of 
endometriosis-associated pain?
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In a recent paper published in FASEB J, Forster et al. 
provide compelling evidence to support the role of 
macrophages in mediating endometriosis-associated pain (1).  
Deposition of ectopic endometrium elicits an immune 
response—there are increased local accumulation of white 
blood cells, with macrophages dominating as the resident 
immune cell population (2,3). As such, inflammation is 
a prominent feature of endometriosis, with production 
of pro-inflammatory cytokines and abnormal immune 
cell distribution (4). In this article, Forster et al. (1) note 
that ectopic endometrium recruits sensory nerve fibers 
that innervate lesions and can be activated by the pro-
inflammatory environment. Previous reports have found 
neurologic manifestations to coincide with endometriosis. 
Women with endometriosis are often hypersensitive to pain, 
which is postulated to be the result of ongoing inflammation, 
leading to sensitization of the nociceptive system. This 
sensitization decreases pain thresholds and amplifies sensory 
input, resulting in central pain sensitization (CPS) (5-7). In 
a murine model of endometriosis, Li et al. found that mice 
with endometriosis demonstrated increased sensitivity to 
painful stimuli and altered neurophysiologic changes in the 
amygdala, a region of the brain involved in pain, anxiety, and 
depression (8). Furthermore, the same group demonstrated 
altered gene expression in the insula, amygdala, and 
hippocampus (additional regions of the brain associated 

with pain, anxiety and depression) (8). Forster et al. (1) 
provide additional insight regarding potential mechanisms 
of altered sensitization, suggesting in addition to the brain 
mediated sensitization reported by Li et al. (8), there is 
also a peripheral nerve sensitization. The authors note that 
inflammatory cytokines interact with peripheral sensory 
afferents such that there is nerve sensitization—resulting 
in increased excitability and triggering hypersensitivity. 
In recognizing that macrophages play active roles in pain 
through production of pronociceptive molecules that can 
activate nerves, and noting that macrophages are key players 
in endometriosis, they hypothesized that macrophages 
contribute to endometriosis-associated pain by secreting 
factors promoting nerve growth and sensitization. Utilizing 
a validated murine model of menstruation to induce 
endometriosis in immunocompetent mice (9), peritoneal 
fluid, and ectopic endometrium samples, they sought to 
determine how macrophages contribute to endometriosis-
associated pain. 

Forster  e t  a l .  (1)  demonstrated that  deplet ing 
macrophages in a murine model of endometriosis resulted 
in decreased endometriosis-associated pain—as evidenced 
by attenuation of spontaneous grooming and mechanical 
hyperalgesia. They found decreased expression of Cox-2 
in the brain, and decreased Cox-2 and TNF-α in the spinal 
cords of these mice; equally important was a reduction in 
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lesion number. Macrophage-derived insulin-like growth 
factor 1 (IGF-1), a signaling factor for nerve outgrowth 
and sensitization, was also decreased. As macrophages 
have diverse roles in both the normal immune response 
and disease states, the function of macrophages in women 
with endometriosis was assessed. In the peritoneal fluid 
of women with endometriosis, IGF-1 levels were elevated 
when compared to women without endometriosis, and 
this was positively correlated with pain scores. In collected 
human endometriotic lesions they found macrophages 
expressing IGF-1. Furthermore, in macrophages activated 
with peritoneal fluid from women with endometriosis 
(endometriosis-associated macrophages), there was 
increased expression of IGF-1. To better characterize 
the role of IGF-1 in endometriosis, the IGF-1 receptor 
was inhibited in their murine model, and this resulted in 
decreased mechanical hyperalgesia. They also found that 
addition of an inhibitor of the IGF-1 receptor reversed 
both neurogenesis (mediated by endometriosis associated 
macrophages and/or addition of recombinant IGF-1) in rat 
dorsal root ganglion and sensitization in sensory neurons. 
In summary, this study provides convincing evidence that 
macrophages are involved in pain symptoms of women with 
endometriosis—in part mediated by IGF-1. Inhibition of 
the IGF-1 receptor can be considered as a potential novel 
therapeutic target.

Their study is well-designed, and the results are 
intriguing; utilizing a combination of human and animal 
models allowed them to test theories and potential 
therapeutic targets. In addition, they build upon their 
previous work with respect to noting increased expression 
of nociceptive and inflammatory markers in the brains 
and spinal cord of mice, and were able to identify the 
involvement of macrophages in these processes (10,11). 
While they demonstrate compelling data for the role of 
macrophages in mediating pain in endometriosis, it is 
important to recognize some limitations. 

With respect to the animal data, we would like to point 
out the following comments/queries. 

Firstly, the design of the study does not allow to 
determine whether liposomal clodronate/macrophage 
depletion actually resulted in endometriosis lesion 
regression. This limitation is related to the variable success 
rate in induction of endometriosis after intraperitoneal 
injection of menstrual-like endometrium from donor mice, 
and to the fact that induction success can only be assessed 
by post-mortem examination. In the original description 
of the mouse model (9) the success rate of endometriosis 

induction was 83%. In the paper by Forster et al. (1) the 
success rate of endometriosis induction is 71% (22 out 
of 31 induced animals), which is comparable to the 83% 
described above (Fisher’s exact test, P=0.49). Twenty-
one days after induction of endometriosis, 31 animals 
were randomly allocated to the nondepleted saline group 
(n=14) or to the deleted liposomal clodronate group (n=17) 
without explanation for the unbalanced randomization (a 
distribution of 15 vs. 16 animals would have been expected). 
In the nondepleted saline group the prevalence of confirmed 
endometriosis (presence of at least one lesion on day 28 
of the experiment) was 93% (13/14), significantly higher 
than the 53% (9/17) observed in the depleted liposomal 
clodronate group (Fisher’s exact test, P=0.02). The animals 
where no lesions were detected at the end of the experiment 
either never had endometriosis because of unsuccessful 
induction of endometriosis or the lesions had disappeared 
due to the liposomal clodronate/macrophage depletion. 
Obviously, the other results (analysis of peritoneal fluid, 
brain biopsies, behavioural tests, etc.) can equally be 
explained by either an effect of macrophage depletion 
in the liposomal clodronate group or by the failure of 
induction of endometriosis in this group with the absence of 
endometriosis lesions in 47% (10/17). Therefore, it would 
be interesting and scientifically more accurate to perform 
a separate analysis only including the animals that had 
histologically proven endometriosis on day 28. Similarly, 
IGF-1 R-inhibitor appeared to reduce pain, but it is not 
clear if/how this was related to an effect on endometriosis 
lesions, as no data are presented how many of the 24 mice 
(12 treated with inhibitor, 12 with placebo vehicle) actually 
were confirmed to have endometriosis. 

Secondly, there are several important gaps in the way 
data are presented and analyzed. It is not clear how many 
endometriosis lesions were present, where they were located 
and how they were selected for biopsy and for subsequent 
analysis. It is also not clear why brain/spinal cord assessment 
was done in only 7/17 depleted and in 7/14 nondepleted 
animals. Were the differences shown in figure 2G and 2H 
observed between depleted and non-depleted endometriosis 
lesions (according to Figure legend) or between mice with 
endometriosis versus controls (according to statement in 
text)? Which method was used to analyze the behavior tests 
(done 4 times, 1× baseline, 3 times after depletion or non-
depletion) resulting in figure 2, sections I to L? It is not 
clear if IGF mRNA could be detected in endometriosis 
lesions: in figure 4F and 4G, IGF positive macrophages 
were shown to be present in mice endometriosis lesions 
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(figure 4F), but IGF mRNA data (figure 4G) were shown 
only for peritoneum biopsies, not for endometriosis lesions. 
Finally, the statement that detectable molecular markers 
of inflammatory pain in the nervous system of mice with 
endometriosis can be attenuated by macrophage depletion 
is correct for COX2 in both spinal cord and brain, but not 
for TNFalpha levels that were not significantly decreased. 

In addition, the human subject data are limited by 
the low sample size (n=21, including 13 women with 
pain and endometriosis and I women with pain without 
endometriosis), the absence of a control group without 
pelvic pain, and the lack of more detailed information on 
endometriosis phenotypes (ASRM endometriosis stage 
and score; types and locations of lesions) and sampling 
selection (were endometriosis lesions and peritoneal fluid 
obtained from the same women with endometriosis?). 
For example, while the authors found that IGF-1 levels 
are elevated in endometriosis subjects compared with 
controls, and that IGF-1 levels were positively correlated 
with pain scores, the correlation is weak. Endometriosis is 
a heterogeneous disease and important clinical parameters 
are not addressed. Although the data are compelling, 
and in line with prior work assessing disease severity and 
markers of macrophage activity (12), their value is limited 
by the small and homogeneous subject pool. It is equally 
important to recognize that administration of a macrophage 
depleting agent or administration of an agent involved in 
blocking IGF-1 binding to its receptor cannot be globally 
administered due to the multiple functions of macrophages 
and IGF-1 respectively. The authors acknowledge this 
limitation and suggest an alternative approach targeting 
“disease-promoting” macrophages as a future therapeutic 
option for women with endometriosis. 

Altered miRNA expression also contributes to the 
inflammatory environment of endometriosis (13), providing 
another mechanism by which endometriosis induces 
a persistent inflammatory state, as well as altered pain 
sensitization. We and others have demonstrated altered 
levels of miRs in women with endometriosis (14-19). In 
a study by Nematian et al., pro-inflammatory cytokine 
levels (TNF-α, IL-1β, and IL-6) in the peripheral blood 
of patients with and without endometriosis showed 
correlation with serum levels of miR-125-5p and let-7b (13).  
Furthermore, transfection of macrophages with miR-
125 mimic and miR-Let7b inhibitor resulted in increased 
TNF-α, IL-1β, IL-6, and IL-8 levels while transfection with 
miR-Let7b mimic resulted in significantly decreased levels 
of TNF-α and IL-8 (13). Thus, aberrant levels of miR-

125-5p and miR-Let7b promote the inflammatory milieu 
of endometriosis, likely through altering macrophage-
mediated release of pro-inflammatory cytokines. Peritoneal 
macrophages are known to be increased in endometriosis, 
stimulate endometriotic lesion growth and mediate the pain 
response commonly seen in endometriosis. Forster et al. (1) 
and Li et al. (8) both demonstrate altered pain sensitivity 
in endometriosis. Through Forster et al.’s work (1), a role 
for macrophages not only in promoting the inflammatory 
environment of endometriosis, but also in promoting nerve 
growth and pain sensitization in endometriosis, is clear. 

The inflammatory nature of endometriosis contributes 
to the systemic effects of the disease, and highlight the need 
for novel, nonhormonal medical therapy. As Forster et al. 
discuss (1), one consideration is to target “disease promoting” 
macrophages with a potential reduction in rodent pain 
behavior, extending earlier studies in the rat model by Haber 
and colleagues that macrophage depletion by intraperitoneal 
(IP) injection of liposomal alendronate (LA) can inhibit 
endometriosis lesion initiation and growth (20). Other 
considerations could be to inactivate or deplete B cells, as 
polyclonal activation of B cells and the presence of anti-
endometrial autoantibodies have been described in a large 
proportion of women with endometriosis. It has recently 
been shown that skewing activated B cells toward regulatory 
B cells (Bregs) by Bruton’s tyrosine kinase (Btk) inhibition 
using Ibrutinib prevents endometriosis progression in mice 
while B cell depletion using an anti-CD20 antibody has no  
effect (21). Overall, these novel treatment approaches utilize 
immune modulators for treating this chronic, debilitating  
disease (22). As macrophages also have a normal function 
in wound healing and the immune response (23), future 
work will need to focus on specifically targeting aberrant 
macrophage function, so as to not compromise the normal 
immune response, and to confirm effectiveness, as well as 
overall and reproductive safety of immunomodulation in 
preclinical animal models close to humans such as the baboon 
model (22,24,25). 
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