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Abstract
Objective: Peritoneal function during peritoneal dialysis (PD) declines over time due to peritoneal inflammation; however, the im-
munological mechanism has not been fully clarified. Here, we examined changes in each cellular fraction in the peritoneal dialysis 
effluent by flow cytometry and their relationship to peritoneal damage.
Patients and Methods: We enrolled 23 patients who began PD between 2006 and 2017 and had available datasets of the peritoneal 
equilibration test and flow cytometric analysis for at least three consecutive visits, with an interval of six months from six months 
after introducing PD. The levels and changes in each cellular fraction, dialysate/plasma (D/P) creatinine ratio, and the forward scat-
ter (FSC) ratio of mesothelial cells to lymphocytes were compared using a simple linear regression analysis.
Results: Among the examined variables, only the fraction of CD8+ TCM cells during the first observation was significantly cor-
related with the change rate in the D/P creatinine ratio (β=1.47, P=0.001, adjusted R2=0.379). The CD8+ naïve T and CD8+ TCM cell 
fractions were negatively correlated with the change rate of the D/P creatinine ratio (naïve T cells: β=−0.058, P=0.022, adjusted 
R2=0.188; TCM cells: β=−0.096, P=0.046, adjusted R2=0.137). In addition, the change rates of the D/P creatinine ratio tended to be 
higher, though not significantly (one way ANOVA; P=0.080), in accordance with the increase in the change rate of the CD8+ effec-
tor memory T cells (TEM).
Conclusion: The CD8+ naïve T and TCM cells may transition into TEM cells by repeated exposure to the dialysate over time. The TEM 
cells residing in the peritoneum may play a significant role in the progression of peritoneal damage.
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Introduction

Morphological and functional changes in the peritoneum 
may lead to the cessation of peritoneal dialysis (PD) due to 
fluid overload or develop into encapsulating peritoneal scle-
rosis (EPS). Encapsulating peritoneal sclerosis is character-
ized by thickening and fibrosis of the peritoneal membrane, 
with the formation of a fibrous cocoon that encapsulates the 
bowel and subsequently induces intestinal obstruction, mal-
nutrition, bowel ischemia, infection, and fatal conditions1).

The dialysate IL-6, TNF-α2), PAI-13), CA1254), and serum 
C-reactive protein5), along with the peritoneal equilibration 
test (PET)6), have been suggested as candidate prognostic 
markers of EPS. However, none of these are satisfactory for 
the early identification of patients with PD who will develop 
EPS. Yamamoto et al. reported that the sizes of peritoneal 
mesothelial cells in the PD effluent correlate significantly 
with the duration of PD, and large mesothelial cells might 
reflect peritoneal damage7), although their proposal has limi-
tations in terms of accessibility and simplicity. We focused 
on flow cytometry for the whole-cell analysis of PD efflu-
ent without an invasive risk to patients. We previously re-
ported that forward scatter (FSC) levels of mesothelial cells, 
which reflect the size of cells, significantly correlated with 
the dialysate/plasma (D/P) creatinine ratio8). In addition, we 
reported that a lymphocyte fraction of >60% and a macro-
phage fraction of <10% may be predictors of EPS9). Here, 
we examined each cellular fraction in the peritoneal effluent 
by flow cytometry and evaluated their correlation with peri-
toneal functions. In addition, several reports have indicated 
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the involvement of T cells in peritoneal inflammation, which 
might lead to peritoneal damage and EPS10, 11). Therefore, we 
focused on lymphocyte subsets in the PD effluent and exam-
ined their relationship to the change in peritoneal function, 
as represented by markers such as the D/P creatinine ratio 
and FSC level of the mesothelial cells.

Patients and Methods
Patients

Of the PD patients treated at JA Toride Medical Cen-
ter between 2006 and 2018, 23 patients (15 male, eight fe-
male) with available data of three consecutive PD effluent 
samplings after the introduction of PD were enrolled in 
this study after obtaining informed consent. The mean and 
standard deviation of their age was 64.4 ± 13.9 years. The 
primary diseases of the participants were as follows: seven 
with diabetic nephropathy, three with benign nephrosclero-
sis, nine with chronic glomerulonephritis, one with polycys-
tic kidney disease, one with gouty kidney disease, and one 
with unknown etiology.

The first sample was collected six months after PD in-
troduction to avoid the effects of installment surgeries of 
the PD catheters on peritoneal tissues. Follow-up sampling 
was then conducted every six months. Thus, three consecu-
tive samples were taken at 6, 12, and 18 months after PD 
introduction. Patients with missing data or an episode of 
peritonitis within 18 months (third sampling) after the PD 
introduction were excluded. A PET was performed using 
Twardowski’s method at the same time as the flow cytomet-
ric analysis.

Flow cytometry
After 8-hour peritoneal retention of 2.5% glucose dialy-

sate, 50 mL of the effluent was collected and centrifuged 
at 1,800 rpm for 5 min. The collected cellular components 
were centrifuged again at 1,800 rpm for 5 min, washed with 
bovine serum albumin-phosphate buffered saline (BSA-
PBS), and adjusted to 1×107 cells/mL with BSA-PBS. The 
detailed processing procedures are described in a previous 
report8). A FITC-labeled anti-cytokeratin antibody was used 
to label the mesothelial cells, while PE-labeled anti-CD14 
and PreCP-labeled anti-CD45 antibodies were used to label 
macrophages, lymphocytes, and granulocytes (macrophages 
were positive for both, lymphocytes were positive for CD45, 
and granulocytes were weakly positive for CD45). Samples 
were analyzed using FACSCalibur (BD Biosciences, To-
kyo, Japan) and CELLQuest (BD Bioscience). In addition, 
samples were stained with a three-color T/B/NK panel to 
determine the percentages of B, T, and natural killer cells. A 
more detailed analysis of the T cell subsets was performed 
by staining samples with FL-3-labeled CD4 and FL-3-la-
beled CD8, and further categorization of T cells into four 

subsets was conducted according to the expression patterns 
of CCR7 and CD45RA.

The expression of CCR7 in combination with the na-
ïve cell marker CD45RA discriminates naïve (CD45RA+, 
CCR7+) and central memory T (TCM; CD45RA−, CCR7+) 
cells from effector memory T (CD45RA−, CCR7−) cells and 
TEM-re-expressing CD45RA (TEMRA; CD45RA+, CCR7−) 
cells12). Because the FSC levels of lymphocytes were less af-
fected by flow cytometric conditions than those of the meso-
thelial cells, FSC ratios of mesothelial cells to lymphocytes 
were applied to compare mesothelial cell sizes in different 
flow cytometric settings.

Statistical analysis
All statistical analyses were performed using EZR, a 

graphical user interface for R (The R Foundation for Statis-
tical Computing, Vienna, Austria)13).

Results are shown as the mean ± standard deviation (SD) 
unless specified otherwise. The correlation of each variable 
was evaluated using a simple regression analysis, unless 
specified. Specifically, the correlation between the change 
rate of CD8 + TEM and the change rate of the D/P creati-
nine ratio was evaluated by a one-way analysis of variance 
(ANOVA), where the change rate of CD8 + TEM was divided 
into three groups in descending order. The correlation be-
tween the change rate of CD8+ TEM and that of CD8 + TCM or 
naïve T cells was evaluated using the Spearman rank corre-
lation test. The change rate was calculated as the difference 
between the value of the 1st collection and that of the 3rd 
collection, divided by the value of 1st sample collection.

Results

Table 1 shows the patient characteristics and flow cy-
tometry results (mean ± SD of each variable at each visit). 
Macrophages occupied almost half of the cell population 
(51.5 ± 18.21%). Lymphocytes, the second largest popula-
tion, consisted of T cells, while B, NK, and mesothelial cells 
were the smallest cell populations. Their tendencies did not 
appear to change significantly over time, but the findings 
were highly variable, suggesting non-negligible heterogene-
ity between profiles.

Correlations between the change rate of the D/P creati-
nine ratio over one year and each cellular fraction at the first 
sample collection were evaluated by a simple regression 
analysis. As shown in Table 2, only the fraction of CD8 + 
TCM cells was significantly correlated with the change rate of 
the D/P creatinine ratio. No correlation was found between 
the change rate of the FSC ratio and each cellular fraction in 
the first samples.

These results suggested that a higher fraction of CD8 + 
TCM cells at six months after the introduction of PD led to a 
more rapid elevation of D/P ratios. Correlations between the 
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change rate of D/P creatinine and that of each cellular frac-
tion were also evaluated. As shown in Table 3, CD8 + naïve 
T and CD8 + TCM cells were both significantly correlated 
with the change rate of the D/P creatinine ratio. Moreover, 
the rate of change of the FSC ratio showed no significant 
correlation with each cellular fraction. While the CD8+ TEM 
cells did not show a significant correlation, the change rate 
of the D/P creatinine ratio tended to be higher in accordance 
with the increased change rate of CD8 + TEM cells in the 
stratified analysis (P=0.080) (Figure 1).

In addition, when the correlation between the change 
rate of CD8+ TEM cells and that of CD8 + TCM or CD8 + na-
ïve T cells were evaluated by the Spearman rank correlation 
test, both showed negative correlations (TCM cells: ρ =−0.40, 
P=0.058; naïve T cell: ρ=0.67, P=0.001) (Figure 2).

Discussion

An increase in the CD8+ TEM cell fraction and a decrease 
in the CD8 + TCM and naïve T cell fractions were correlated 
with an increase in the D/P creatinine ratio. In addition, an 
increase in the CD8 + TCM cell fraction at the first evalua-
tion was correlated with an increase in the D/P creatinine 
ratio. Further analysis revealed that the change in the CD8 + 
TEM cell fraction was negatively correlated with those of the 
CD8 + TCM and naïve T cells, indicating that CD8 + TCM and 
CD8 + naïve T cell fractions might have transitioned into 
TEM cells over time. Based on these results, the CD8+ TEM 
cells differentiated from CD8 + TCM and naïve T cells after 
repeated exposure to cognate antigens derived from PD so-
lution, which may have caused peritoneal inflammation to 
increase the D/P creatinine ratio.

In response to encountering cognate antigens, naïve T 
cells, which have not been sensitized to any antigen, prolif-

Table 1 Patient characteristics and each cellular component (means 
± standard deviation) at each sample collection

Time after PD initiation 6 months 18 months

D/P creatinine ratio 0.65 ± 0.12 0.68 ± 0.12
FSC ratio 1.69 ± 0.21 1.67 ± 0.27
Lymphocytes (%) 19.84 ± 12.69 23.30 ± 14.46

CD4⁺ naïve T cells 11.67 ± 8.75 13.61 ± 12.82
CD8⁺ naïve T cells 9.53 ± 8.54 10.82 ± 8.90
CD4⁺ TEM cells 46.84 ± 13.10 48.14 ± 15.72
CD8⁺ TEM cells 53.53 ± 15.80 48.56 ± 14.42
CD4⁺ TCM cells 37.83 ± 10.68 34.55 ± 11.65
CD8⁺ TCM cells 10.28 ± 6.23 10.04 ± 6.28
CD4⁺ TEMRA cells 3.66 ± 2.57 3.69 ± 2.93
CD8⁺ TEMRA cells 26.66 ± 10.44 30.59 ± 11.28

Macrophages (%) 51.23 ± 18.21 50.49 ± 17.92
B cells (CD19⁺) (%) 1.82 ± 2.58 2.88 ± 5.37
NK cells (CD56⁺) (%) 1.47 ± 1.16 1.82 ± 1.61
Mesothelial cells (%) 4.16 ± 5.62 6.06 ± 9.64

Table 2 Correlations between the percentage of each cellular fraction 
at the first sample collection and the change rate of D/P cre-
atinine by simple linear regressions

Coefficient (β) Adjusted R2 P-value

CD4⁺ Naïve T cells 0.24 −0.025 0.5
CD8⁺ Naïve T cells 0.22 −0.031 0.56
CD4⁺ TEM cells −0.29 0.025 0.23
CD8⁺ TEM cells −0.062 −0.043 0.76
CD4⁺ TCM cells 0.32 0.0096 0.28
CD8⁺ TCM cells 1.48 0.38 0.0010*
CD4⁺ TEMRA cells −0.76 −0.028 0.54
CD8⁺ TEMRA cells −0.53 0.11 0.072
B cell −1.88 0.07 0.12
NK cell −4.07 0.064 0.13

*P<0.05.

Table 3 Correlations between the change rates of each cellular frac-
tion and D/P creatinine by simple linear regressions

Coefficient (β) Adjusted R2 P-value

CD4+ Naïve T cells −0.012 0.014 0.26
CD8+ Naïve T cells −0.058 0.19 0.022*
CD4+ TEM cells 0.14 0.063 0.13
CD8+ TEM cells 0.17 0.085 0.096
CD4+ TCM cells −0.096 −0.011 0.4
CD8+ TCM cells −0.096 0.14 0.046*
CD4+ TEMRA cells 0.013 −0.043 0.77
CD8+ TEMRA cells 0.017 −0.044 0.79
B cells −0.017 0.036 0.19
NK cells 0.0045 −0.046 0.88

*P<0.05.

Figure 1 Correlation between the change rates of the CD8+ TEM cells 
and D/P creatinine by an ANOVA.
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erate and differentiate into effector T cells; the vast majority 
of these cells migrate to peripheral tissues, while a small 
pool of effector T cells ultimately transition into long-lived 
memory T cells. Memory T cells that express CCR7 pro-
duce high amounts of IL-2 but low levels of other effector 
cytokines, while CCR7− memory T cells produce high levels 
of IL-4 and IL-5 (CD4 + T cells) and/or IFN-γ (both CD4 
+ and CD8+ T cells). The CCR7+ memory cells are defined 
as central memory cells because of their potential to reside 
in secondary lymphoid tissues. Their CCR7- counterparts 
were named effector memory (TEM) cells because of their 
rapid effector functions and potential to reside in peripheral 
lymphoid tissues14). A subset of TEM cells, which express 
CD45RA (named TEMRA cells), display shorter telomeres 
with limited proliferative and functional capacities, sug-
gesting a terminal differentiation stage (Figure 3)15, 16).

The results were compatible with a previous report in 
which most T cells in the PD effluent were the memory phe-
notype, with a clear predominance of CD4 + /CD8 + TEM 
cells10). The cytokine profile of CD4 + and CD8 + T cells 
was compatible with high levels of proinflammatory TNF-α 

and IFN-γ, with less IL-17 and IL-1010). The CD4 + T cells 
are consistent with proinflammatory T helper 1 (Th1) cells. 
The peritoneal cavity has been reported to be enriched 
with cells displaying a highly differentiated TEM phenotype, 
and the TEM subset starts predominantly early Th1 (IFNγ-
mediated) responses after stimulation with phorbol 12-my-
ristate 13-acetate/ionomycin17). The mean telomere lengths 
of peritoneal resident TEM cells are significantly shorter than 
those of the TEM cells in the peripheral blood18). This pro-
vides compelling evidence for a distinct resident population 
of TEM cells in the peritoneal cavity.

Several animal studies have shown that Th1 responses 
are crucially involved in the development of peritoneal ad-
hesion and sclerosis18–20). In the development of surgical and 
post-infectious adhesions in experimental rodent models, 
the host response is primarily mediated by Th1 cells and is 
associated with the release of the proinflammatory cytokine 
IL-17 produced by T cells19). An IL-17-mediated inflamma-
tory response has also been reported to play a major role in 
peritoneal damage21). Despite the implications of Th17 re-
sponses in peritoneal fibrosis in animal models, IL-17-pro-

Figure 2 Correlation between the change rates of the TCM and TEM cell fractions (left), and the change rates of the Naïve and TEM cell 
fractions (right).

Figure 3 Differentiation of memory lymphocytes.



Journal of Rural Medicine

204|| doi: 10.2185/jrm.2021-0092021; 16(4): 200–205

ducing T cells constitute only a small proportion of cells in 
the PD effluent of humans10, 17).

The Th1 responses initiated by TEM cells play a role in 
peritoneal inflammation. In our study, the largest lympho-
cyte cell population was observed in the TEM cells in the PD 
effluent. However, CD8 + TEM cells showed a significant cor-
relation with D/P creatinine ratios, whereas CD4 + cells did 
not. Thus, CD8+ TEM cells, rather than CD4+ TEM cells, might 
be involved in progressive peritoneal damage.

Memory CD8+ T cells are a long-lived, antigen-specific 
population that provides enhanced protective responses to 
recurrent exposure to the same antigen22, 23). Memory CD8 + 
T cells are divided into two populations: effector and central 
memory cells. In recent years, a third population (resident 
memory T cells) has been identified. Memory cells in the 
lamina propria do not migrate elsewhere and have a simi-
lar memory to TEM cells, but are distinct from TCM cells24). 
These cells express much higher levels of CD69 than TEM 
cells in the spleen and blood25). Hence, this cell population 
is considered as tissue-resident memory T cells26, 27). Migra-
tion-associated receptors that distinguish TRM cells from 
TEM cells include CXCR3, CXCR6, CCR5, and CCR6. Phe-
notypic analysis has demonstrated the enhanced expression 
of the proinflammatory chemokine receptor CCR5 on the 
TEM subset in PD effluent17), indicating that such a TEM cell 
population might be TRM cells. Unfortunately, CD45RA and 
CCR7 could not distinguish these subsets. In a study of pso-
riasis28), resident TEM (possibly TRM) cells produced IL-12, 
IL-22, IFNγ, and granzyme A/B.

The TCM cells retain longer telomeres than TEM cells and 
are capable of generating TEM cells in vitro, but not vice 
versa14). Decreases in TCM and naïve T cell subsets occurred 
in accordance with an increase in the TEM cell subset over 
time, suggesting a transition from TCM and naïve T cells to 
TEM cells. The fraction of TCM cells at the first evaluation was 
correlated with an increase in D/P creatinine. It is reason-
able that sensitized TCM cells transitioned gradually into TEM 
cells by repeated exposure to cognate antigens, eventually 
causing chronic inflammation in the peritoneum. However, 
the role of CD8+ TEM cells in the development of peritoneal 

fibrosis has not been clarified, and further analysis is needed.
Regarding the absence of any correlation between cel-

lular components and FSC ratios, a one-year observation 
period might be too short to evaluate subtle differences in 
the variables to calculate FSC ratios. A longer period is re-
quired to assess the significance of these ratios in peritoneal 
damage.

There are obvious limitations in this study, such as 
the retrospective nature of the data collection, the limited 
number of enrolled patients, and the relatively short ob-
servation period. The treatment plans were determined by 
each attending physician, which might have caused biases. 
In addition, the dialysis adequacy of each patient was not 
considered in this study, which might be a potential con-
founding factor that has been reported to affect peritoneal 
damage. Finally, this study only focused on the cells in the 
effluent, which might not be consistent with the cells in the 
peritoneum. Data on cytokines produced by lymphocytes 
are also lacking. A more precise analysis of the molecules of 
the peritoneum will be needed to further clarify the mecha-
nisms of peritoneal inflammation.

Conclusion

The cellular fraction of the PD effluent mainly consisted 
of macrophages and T lymphocytes. The largest subset of 
T lymphocytes was TEM cells. Changes in T lymphocyte 
subsets were correlated with changes in D/P ratios. The 
CD8 + naïve T and TCM cells may transition into TEM cells 
by repeated exposure to the non-physiological solution in 
the dialysate over time. The CD8+ TEM cells residing in the 
peritoneum may have a significant role in peritoneal inflam-
mation by producing high levels of cytotoxic cytokines in 
coordination with T helper cells.
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