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Summary
While endometrial neutrophils and plasma cells are criteria used to diagnose histologic
endometritis in epidemiologic pelvic inflammatory disease (PID) research, plasma cell
misidentification and nonspecificity may limit the accuracy of these criteria. Herein, we examined:
1) the identification of endometrial plasma cells with conventional methyl green pyronin-based
methodology versus plasma cell-specific (CD138) immunostaining; 2) the prevalence of
endometrial plasma cells among women at low risk for PID; and 3) endometrial leukocyte
subpopulations among women diagnosed with acute or chronic histologic endometritis by
conventional criteria. We observed an absence of CD138+ cells in 25% of endometrial biopsies in
which plasma cells had been identified by conventional methodology, while additional
immunohistochemical analyses revealed indistinguishable inflammatory infiltrates among women
diagnosed with acute or chronic endometritis by conventional criteria. Among women considered
at lower risk for PID development, flow cytometric analyses detected plasma cells in 30% of
endometrial biopsy specimens, suggesting that these cells, even when accurately identified, only
nonspecifically identify upper genital tract inflammatory processes. Combined, our findings
underscore the limitations of the criteria used to diagnose histologic endometritis in PID-related
research and suggest that satisfactory understanding of PID pathogenesis, treatment, and
prevention is hindered by continued use of these criteria.
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Introduction
Infection of the uterus, fallopian tubes, and adjacent structures that is not associated with
pregnancy or surgery is termed pelvic inflammatory disease (PID) [15]. Migration of
Chlamydia trachomatis or Neisseria gonorrhoeae from the lower to upper genital tract is the
most frequently identified cause of this disease whose long-term sequelae include ectopic
pregnancy and infertility [4, 16, 30]. Being less invasive and expensive than laparoscopy
[22], trans-cervical endometrial sampling and histology have been employed in most recent
epidemiologic PID investigations to identify endometritis/upper genital tract inflammation
[2, 6, 10]. Such studies diagnosed acute histologic endometritis upon identification of
neutrophils and plasma cells in hematoxylin and eosin (H&E) and methyl green pyronin
(MGP)-stained endometrial biopsy sections, while the diagnosis of chronic endometritis was
typically based on plasma cell detection alone. Comparison of results between many studies
is hampered, however, by their use of slightly variable diagnostic criteria [20, 29, 31].

In a recent PID investigation, one such variation of these criteria was used to define
histologic endometritis as detection of ≥ 5 neutrophils in endometrial epithelium and/or ≥ 2
plasma cells in endometrial stroma [19]. While nearly 95% of women in this study with an
enrollment diagnosis of endocervical C. trachomatis or N. gonorrhoeae infection cleared the
infection one month after completion of antimicrobial therapy, almost half failed to resolve
histologic endometritis (as defined by this study). Moreover, the diagnosis of histologic
endometritis was not associated with increased risk for the development of adverse
reproductive sequelae [9]. It is possible, however, that imprecise identification of
endometrial leukocytes or imprecise diagnostic criteria for histologic endometritis
confounded results from this research. Indeed, prior work suggests that there may be
problems associated with these diagnostic criteria. For example, endometritis cases have
been reported in which neither endometrial neutrophils nor plasma cells were detected [33].
Plasma cells were also detected in 5%–10% of women undergoing endometrial biopsy for
irregular vaginal bleeding, suggesting that these cells may nonspecifically identify
endometrial inflammation [8, 23]. Of greatest concern, plasma cells are detected in
endometria of healthy women and have been misidentified as endometrial stromal cells (and
vice versa) [5]. These limitations weaken the precision of current diagnostic criteria for
histologic endometritis, and further suggest that essential questions regarding PID
epidemiology, etiology, therapy, and adverse sequelae will likely remain unanswered until
more accurate identification of upper genital tract inflammation is achieved [26].

For the current investigation, we hypothesized that H&E/MGP-based methodologies will
have inferior performance characteristics compared to immunohistochemical staining of
endometrial biopsy sections with a plasma cell-specific monoclonal antibody. We also
hypothesized that flow cytometric analysis of endometrial tissue from women considered to
have low risk for current genital tract infection will frequently detect the presence of plasma
cells. Finally, as plasma cells appear to be only nonspecific indicators of an upper genital
tract inflammatory process, we hypothesized that immunohistochemical characterization of
endometrial leukocyte subpopulations among women previously diagnosed with acute or
chronic histologic endometritis would demonstrate inflammatory infiltrates that are
indistinguishable from one another.
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Materials and Methods
Patient population for immunohistochemical analyses

Stored, paraffin-embedded, endometrial specimens were selected from women between 15
and 30 years of age when they had participated in a cross-sectional investigation of the
association between lower genital tract infection and PID [32]. Endometrial biopsies had
been collected from each study participant, and a portion of the tissue had been paraffin-
embedded, sectioned, and stained with H&E or MGP. As previously demonstrated, MGP
stain is superior to H&E stain for accurate identification of endometrial plasma cells [7]. A
single surgical pathologist (A.J.A) had previously evaluated all endometrial biopsy
specimens [32]. Acute histologic endometritis had been defined as ≥ 5 neutrophils per 400x
field of endometrial epithelium and ≥ 1 plasma cell per 120x field of stromal endometria,
while chronic endometritis had been defined by the presence of ≥ 1 plasma cell alone [13].
Among stored endometrial specimens chosen for the current study, 26 were from women
previously diagnosed with normal endometrium while 37 each were from women previously
diagnosed with acute or chronic endometritis. Selected specimens were excluded from
further work-up if the tissue-block size was deemed too scant or if H&E-stained slides
demonstrated endometrial changes consistent with menses or a late secretory stage, as these
cycle points are considered more problematic for the interpretation of inflammatory changes
[24, 25].

Immunohistochemical analyses
The monoclonal antibodies used in the current investigation were HLA-DP, DQ, DR; CD3;
CD8; CD20; CD56; CD68; and CD138. Immunostaining for HLA-DP, DQ, DR (Dako,
Carpinteria, CA), a class II major histocompatibility complex (class II MHC) molecule, was
performed without antigen retrieval. For evaluation of CD8 (Dako), CD56 (Neomarkers,
Fremont, CA), and CD138 (AbD Serotec, Raleigh, NC) expression, microwave antigen
retrieval in 10 mmol/L citrate buffer and indirect immunolabeling were performed. After
antigen retrieval, slides were blocked for 15 minutes with Blue Block (Shandon, Pittsburgh,
PA), and incubated for 1 h at room temperature with appropriate primary antibody. Slides
were washed with phosphate-buffered saline (PBS) containing 0.05% Tween 20, incubated
for 30 minutes at room temperature with Impress Reagent (MP-7500, Vector Laboratories,
Burlingame, CA), stained with liquid DAB (SK-4100, Vector Laboratories), and
counterstained with Shandon Hematoxylin (Thermo Fisher Scientific, Pittsburgh, PA). CD3,
CD20, and CD68 immunostaining was performed using Ventana pre-diluted antibodies and
the Ventana Benchmark XT (Ventana, Tucson, AZ). Positive control slides (paraffin-
embedded sections of tonsilar tissue for every immunostain except CD56, which used
paraffin-embedded neuroblastomal tissue) were used to confirm antibody activity
(representative results for CD138 shown in Fig. 1A), while absence of reactivity among
negative controls (produced by replacement of a primary antibody with PBS solution)
confirmed specificity of positive staining. Two pathologists (M.C., U.K) that were unaware
of the enrollment presentation and original histologic diagnosis independently assessed all
slides for the current investigation. Results were concordant in more than 90% of cases, and
discrepancies were resolved by secondary review (R.D.V.M). Cells of interest were graded
using a 0–4 semi-quantitative scale: grade 0 = no positive cells; grade 1 = single scattered
positive cells; grade 2 = loosely scattered cells or occasional small aggregates; grade 3 =
densely scattered cells; grade 4 = dense collections of positive cells throughout entire
specimen.

Patient population and methods for flow cytometric analyses
Endometrial sampling for flow cytometric analysis of leukocyte subpopulations was
performed on freshly excised surgical specimens from 10 pre-menopausal women
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undergoing hysterectomy for dysfunctional uterine bleeding. These women were considered
to be at lower risk for PID development as they denied history of any sexually transmitted
infection and were without evidence of lower genital tract inflammation (an absence of
leukorrhea). However, no diagnostic testing for genital tract pathogens was performed. To
simulate the amount, type, and quality of tissue obtained from trans-cervical biopsies,
endometrial sampling devices were used to collect tissue from each excised uterus.
Specimens were digested with collagenase and processed into single cell suspensions.
Aliquots were stained with fluorochrome-conjugated monoclonal antibodies against CD3,
CD11b, CD14, CD15, CD19, CD27, CD38, CD45, CD68, CD69, CD138, Granzyme B (all
BD Pharmingen, San Diego, CA), and LIVE/DEAD® fixable aqua dead cell stain
(Invitrogen, Carlsbad, CA). Appropriate isotype control antibodies were included with each
experiment. Stained specimens were examined by flow cytometry using a FACSAria
cytometer (Becton Dickinson, San Jose, CA). Flow cytometric analyses were performed
using FACS DiVA (Becton Dickinson) and FlowJo (Tree Star, Ashland, OR) software. Both
the parent and current investigation were approved by the University of Pittsburgh’s
Institutional Review Board.

Statistical considerations
Statistical analyses were performed using GraphPad Prism 5 software (San Diego,
California). Calculations of medians and percentile distributions were used to compare
differences in the number of various leukocyte subpopulations among women diagnosed
with normal endometrial tissue or women diagnosed with acute or chronic histologic
endometritis using conventional diagnostic criteria. Comparisons of scores between these
groups were made using Kruskal-Wallis test on ranks and Dunn’s multiple comparison post
hoc test (p values ≤ 0.05 were considered statistically significant).

Results
We first used the stored, endometrial biopsy specimens to compare the accuracy of plasma
cell identification with MGP (as performed in the parent investigation) to the results
obtained by immunostaining sections with antibodies specific for CD138 (syndecan-1).
CD138 is a plasma cell-specific surface molecule that has been previously employed as an
adjunct stain in the work-up of suspected cases of endometritis [3]. As hypothesized, we
detected a wide discrepancy between results reported for plasma cell identification with
MGP and results obtained upon CD138 staining of the same endometrial specimens. In fact,
25% of cases originally diagnosed with endometritis had no detectable CD138+ cells
(representative results shown in Fig. 1B), while CD138 immunostaining identified plasma
cells in 35% of the cases originally diagnosed as normal endometrial tissue (representative
results shown in Fig. 1C and Fig. 1D). Using CD138 immunostaining as the new diagnostic
gold standard, we found sensitivity and specificity of MGP for plasma cell identification to
be 78% and 65%, respectively.

As prior reports suggest that infrequent detection of endometrial plasma cells may only
nonspecifically identify upper genital tract inflammation (as opposed to being necessary and
sufficient for endometritis diagnosis), we posited that stratification of endometritis into acute
and chronic forms (as performed in the parent investigation using conventional histologic
criteria) would not delineate endometrial inflammatory responses distinctive of either form.
To test this hypothesis, we used a semi-quantitative immunohistochemical scoring system to
compare the number of CD3, CD8, CD20, CD56, CD68, CD138, and MHC class II-positive
cells from stored, endometrial biopsy specimens that had been diagnosed with acute or
chronic endometritis to the numbers present among women identified with normal
endometrial tissue. We observed that diagnosis of acute and chronic endometritis was
associated with statistically significant increases in endometrial T cell, B cell, and plasma
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cell numbers compared to numbers detected in normal endometrial tissue (Fig. 2),
suggesting that conventional histologic criteria correctly identified at least a subset of
women with endometrial leukocytic infiltrates that were consistent with increased upper
genital tract inflammation. Evaluation of the number of CD3, CD8, CD20, CD56, CD68,
CD138, and MHC class II complex positive cells that were associated with acute or chronic
endometritis, on the other hand, demonstrated endometrial leukocytic infiltrates nearly
indistinguishable from one another (Fig. 2).

While the above findings suggested that a more accurate identification of endometrial
plasma cells can be achieved via immunostaining of biopsy specimens with the plasma cell-
specific surface molecule CD138 (Fig. 1), we had not fully addressed the possibility that
isolated detection of endometrial plasma cells may be unreliable for diagnosis of chronic
endometritis and, by extension, PID case definition. To best characterize the leukocyte
subpopulations found among women at lower risk for PID development, we completed flow
cytometric analyses on endometrial samplings from 10 women that had undergone elective
hysterectomy for irregular vaginal bleeding. Similar to the results from previous
immunohistochemically-based characterizations [12, 18], we detected CD45+ cells in all
specimens that were consistent with macrophage and lymphocyte populations (Fig. 3). In
addition, a distinct plasma cell population was present in 30% (3/10) of endometrial samples
(Fig. 3). This latter finding corroborates earlier reports that used H&E/MGP stains to
identify endometrial plasma cells among women at low risk for upper genital tract
inflammation [1, 7]. It also provides an argument that even when highly accurate
endometrial plasma cell identification is achieved, these cells represent only a nonspecific
criterion for the diagnosis of histologic endometritis, if not interpreted in the context of
additional indices of inflammation.

Discussion
PID is a poorly understood disease affecting millions of young women worldwide. When
antimicrobial treatment of PID is delayed, the risks for ectopic pregnancy and infertility are
increased [11]. Completion of research that provides better understanding of PID
epidemiology, pathogenesis, and treatment, however, is handicapped by fundamental
problems with disease diagnosis and case definition. While women with PID often present
with leukorrhea and pelvic organ tenderness, the high frequency of subclinical PID cases
lowers the accuracy of the diagnostic algorithms reliant upon a constellation of signs and
symptoms [27]. Although laparoscopic diagnosis of overt disease has been considered the
diagnostic standard, it is invasive and perhaps less accurate than previously realized [28].
Newer techniques, such as trans-vaginal Doppler ultrasound and magnetic resonance
imaging, are less invasive modalities that provide acceptable diagnostic accuracy, but
remain impractical for large-scale PID investigations [21]. Trans-cervical endometrial
sampling is less expensive, less invasive, and safer to perform than laparoscopy, and has
become the diagnostic modality of choice in many recent PID epidemiologic investigations.
There are, however, limitations associated with its use as well. In particular, it is currently
unknown if endometritis and PID represent distinct clinical entities, if endometritis
represents an intermediary stage among women that will develop PID, or if endometritis and
PID are different aspects of the same disease sharing similar risks for the development of
adverse reproductive outcomes [22]. Moreover, prior results from PID studies utilizing
trans-cervical, endometrial biopsies suggest that current histologic diagnostic criteria may
lack sufficient precision to yield consistent results.

Our study took several methodological approaches to better define the limitations of criteria
currently used to diagnose histologic endometritis. We demonstrated that more accurate
endometrial plasma cell identification occurs upon the use of the plasma cell-specific

Vicetti Miguel et al. Page 5

Pathol Res Pract. Author manuscript; available in PMC 2012 November 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



molecule CD138. H&E or MGP staining does not allow easy discrimination between
endometrial plasma cells and stromal cells, as both cell types often display an eccentric
nuclei and a plasmacytoid appearance [14, 17]. By comparing results of MGP versus CD138
staining of the same endometrial biopsy, our investigation provides direct evidence of the
difficulties of plasma cell identification with conventional methodology. However, even if
accurately identified, our data does not support continued reliance on endometrial plasma
cell detection as criterion sufficient for PID diagnosis. Using flow cytometric analyses, we
detected endometrial plasma cells among 30% of the women undergoing hysterectomy for
dysfunctional uterine bleeding. This provided additional support for the accumulating body
of evidence, suggesting that these cells should be regarded as nonspecific indicators of upper
genital tract inflammation. As dysfunctional uterine bleeding can occur among women with
subclinical genital tract infection, further work will be needed to determine the utility of
flow cytometric analyses of leukocyte subpopulations in PID-related research.
Immunohistochemical characterization of the leukocyte subpopulations associated with
acute or chronic endometritis (as diagnosed by conventional criteria) also revealed
endometrial inflammatory responses that were essentially indistinguishable from one
another. This implies stratification of endometritis into acute and chronic forms of disease,
defines neither magnitude of the inflammatory response nor chronicity of the disease, and
does little to inform on the understanding of PID pathogenesis. Taken together, our results
suggest that continued reliance on current methodology and criteria for histologic
identification of upper genital tract inflammation in PID-related research may be
unwarranted. If trans-cervical, endometrial sampling is employed in future epidemiologic
PID investigations, it seems that additional research is needed to improve the performance
characteristics of the criteria used for histologic diagnosis of endometritis and to delineate
the upper genital inflammatory responses and inflammatory cell infiltrates most closely
associated with PID development and adverse gynecologic outcomes.
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Fig. 1.
CD138 immunostaining is superior to MGP staining of endometrial biopsy sections for
identification of plasma cells. (A) Immunohistochemical staining of tonsilar tissue (used as
positive controls) with the plasma cell-specific marker CD138 (syndecan-1) shows
characteristic membrane staining (X200). (B) Endometrial stroma from a woman originally
diagnosed with chronic endometritis (upon identification of plasma cells with MGP staining)
demonstrates complete absence of CD138-positive cells (X200). (C) Endometrial biopsy
sample from a woman originally diagnosed with normal endometrial tissue shows multiple
CD138-positive cells in the endometrial stroma (X200) (D). CD138 positive endometrial
cells from section show in Fig. 1C display cell membrane staining characteristically similar
to that seen in tonsilar tissue (X600).
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Fig. 2.
Acute and chronic endometritis identified by conventional histologic criteria have
indistinguishable leukocytic infiltrates. Stored endometrial biopsy sections identified as
normal tissue or acute or chronic endometritis were immunostained for CD3, CD8, CD20,
CD138, CD56, CD68, and MHC II. Each stained section was scored for number of positive
cells using the semi-quantitative scoring system described in text, and group comparisons
made using Kruskal-Wallis test and Dunn’s multiple comparison test (* p < 0.05; ** p <
0.005; *** p< 0.001). Box and whiskers indicate median ± 10–90 percentile.
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Fig. 3.
Flow cytometric analysis of endometrial biopsies represents a powerful approach for
identification of upper genital tract leukocytes (representative contour plots shown). After
defining the CD45+ cell population (not shown), a large percentage was identified as (A)
CD11b+, and (B, C) further identified as macrophages (CD11int/hiCD14+CD68+) (B, D)
neutrophils (CD11bhiCD14-CD15+), and (B) another myeloid cell subpopulation
(CD11bloCD14−CD11−). (E) To characterize T cell populations, CD11b− cells were
interrogated for CD3 expression. Both CD4+ and CD8+ cell populations were clearly
defined (F), allowing exploration of their functional activation status, as indicated by the
levels of CD69 (G) and granzyme B (H) expression. For plasma cell identification, CD3 and
CD11b− cells were interrogated for CD19 (J) and CD138 (K) expression. All CD138+ cells
were CD27+ while a significant portion were CD38+ (L), strong evidence for the proper
identification of a plasma cell population.
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