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ABSTRACT: The semen of most men with spinal cord injury (SCI)
contains an abundance of leukocytes. It is not known if this leuko-
cytospermia contributes to the abnormally low sperm motility ob-
served in many of these men. Our study used flow cytometry to
identify the leukocyte population in the semen of 12 men with SCI
compared to 8 healthy age-matched control subjects. The results
showed that, compared to control subjects, the semen of men with
SCI had increased numbers of mature granulocytes and lympho-
cytes. The largest proportion of the leukocytes consisted of lympho-
cytes, and immunophenotypic analysis showed that the greater frac-

tion were T cells, many of which coexpressed human leukocyte an-
tigen HLA-DR and CD25, suggesting they were in an “activated”
state. No significant B-cell population was evident. Our finding of
immunologically active leukocytes is a significant step in understand-
ing the relationship of leukocytospermia and decreased sperm mo-
tility in the semen of men with SCI.
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M ore than 10000 cases of spina cord injury (SCI)
occur annually in the United States. The majority
of the injured are men in the child-rearing age group (Sto-
ver et al, 1995). Men with SCI have impaired sexua func-
tion and impaired fertility mainly due to: 1) autonomic
and neuromuscular dysfunction that hampers erection and
gaculation and 2) poor semen quality with sperm show-
ing very low motility (Linsenmeyer and Perkash, 1991,
Ohl et al, 1992; Sonksen and Biering-Sorensen, 1992;
Brackett et al, 1996a,b, 1997b). Potential soluble factors
accounting for low sperm motility may be toxic secretions
from the prostate or seminal vesicles, which are the major
contributors to the formation of semen (de Lamirande et
al, 1986; Linsenmeyer, 1991; Brackett et al, 2000).

The macroscopic and microscopic appearance of semen
in men with SCI is abnormal. Often, the semen is yellow
or brown in color and contains numerous nonspermato-
zoon cells (Wieder et al, 1999), many of which are leu-
kocytes (Aird et al, 1999). According to the World Health
Organization (1999), concentrations of leukocytes greater
than 1 million per milliliter in the gjacul ate are considered
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abnormal. The significance of an increased number of leu-
kocytes in the semen of men with SCI remains contro-
versial (Aird et al, 1999). In non-SCI populations, in-
creased leukocytes are related to low sperm motility
(Wolff et al, 1990). An association between increasing
semina granulocyte concentrations and poor semen pa-
rameters has been previously reported (Aird et a, 1999).
The purpose of this study was to identify different leu-
kocyte populations by flow cytometry in the semen of
men with SCI and to compare these results with those of
normal control subjects. The sperm parameters between
the 2 groups were also compared.

Materials and Methods

Subjects

Subjects were participants in the Male Fertility Research Pro-
gram of The Miami Project to Cure Paralysis at the University
of Miami School of Medicine, Miami, Fla. All subjects were in
good health with no active urinary tract infections. SCI subjects
were past the acute phase of injury, and their mean years post-
injury (SE of the mean) equaled 6.2 plus or minus 1.1. Their
mean age was 30.2 plus or minus 1.2 years. Levels of injury as
assessed by the University of Miami Neurospinal Index (Klose
et al, 1980) were C4 to C7 (5 patients), T3 to T4 (4 patients),
and T9 to T11 (3 patients). SCI men who were azoospermic
were excluded from this study. Controls were healthy men with
normal semen analysis and no history of infertility (8 subjects,
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mean age 30.3 plus or minus 1.8 years). No SCI or control sub-
ject had taken any medication known to affect semen quality
within 6 months prior to this study.

Semen Collection and Analysis

In this study, only antegrade fractions obtained via penile vibra-
tory stimulation (PVS) were used (Brackett et al, 1997a; Brack-
ett, 1999; Brackett and Lynne, 2000). Retrograde fractions and
specimens obtained by electrogjaculation were not used, since
these approaches may alter semen quality (Brackett et al, 1998a;
Brackett and Lynne, 2000). For PV'S, subjects were seated com-
fortably on an examination table, and a vibrator (Sunbeam model
1850-1, FERTI CARE persona or FERTI CARE clinic, Multi-
cept, Hoersholm, Denmark) was applied to the dorsum of the
glans penis or the frenulum until ejaculation occurred. In sub-
jects with SCI, the period of abstinence from ejaculation ranged
from 1 to 8 weeks. Control subjects collected semen by mastur-
bation after 2 days of abstinence from gaculation.

Semen analysis was performed on all specimens by manual
microscopic methods according to World Health Organization
criteria (1999). Each specimen was first allowed to liquefy (15—
20 minutes) at room temperature. An analysis was done by plac-
ing 6 mL semen on a disposable semen analysis chamber (Cell-
Vu, Fertility Technologies, Natick, Mass). All sperm parameters,
including sperm motility, were assessed by the same person.

Flow Cytometry Studies

The analysis of semen took place between 1 and 2 hours after
collection from the subject. Whole-semen specimens were di-
luted with an equal volume of Roswell Park Memoria Institute
Medium (RPMI-1640) (Invitrogen, San Diego, Calif) (Moore
and Hood, 1993) supplemented with 0.3% human serum albumin
(ie, ““complete media’). A manual cell count and differential
was performed for the leukocyte population, and the percentage
of viable cells was quantified using the standard trypan blue
exclusion method (Altman et al, 1993; Suttiyotin and Thwaites,
1994; Reno et al, 1997). The sample was then overlaid on Ficoll-
Hypague (equal volumes) in a 15-mL conica tube and centri-
fuged at 1500 rpm for 30 minutes at room temperature. The
interface was aspirated, and the pellets were washed twice with
5 mL of complete media. The cells were then counted and re-
suspended in complete media for staining with antibodies.

Several combinations of monoclonal antibodies were used for
4-color immunophenotyping: 1) CD45-peridinin chlorophyll
(PerCP)/CD11c-allophycocyanin (APC)/CD23-phycoerythrin
(PE)/CD10-fluorescein isocytothiocyanate (FITC); 2) isotypic
controls: mouse immunoglobulin G (1gG),-PerCP/mouse 19G;-
APC/mouse 1gG,-PE/mouse 1gG,-FITC; 3) CD14-PerCP/CD38-
APC/CD13-PE/CD64-FITC; 4) CD3-PerCP/CD4-APC/CD56-
PE/CD8-FITC; 5) CD42a-PerCP/CD34-APC/CD7-PE/CD33-
FITC; 6) CD20-PerCP/CD5-APC/CD22-PE/TCR-a/B-FITC; 7)
human leukocyte antigen (HLA-DR)-PerCP/CD69-APC/CD25-
PE/CD2-FITC; 8) (2-color) CD19-PE/k-FITC; and (9) (2-color)
CD19-PE/\-FITC.

CD45 is a pan leukocytic marker able to detect granulocytes,
lymphocytes, and macrophages. The specificities of the remain-
ing markers are listed in Table 1. Gating was performed on cells
of lymphocytes (with characteristic forward [FS] and side scatter
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[SS] features and high CD45 staining), monocytes, and granu-
locytes. The designation of positive cells was based on values
compared to cells stained with irrelevant isotype controls and
conjugated to the same fluorochrome (see above) (Ruiz and Ber-
ho, 1998). The antibodies were attached to the cells after awash-
ing step, incubated at 4°C for 30 minutes, and then washed twice.
The cells were fixed with 2% paraformaldehyde and analyzed
less than 2 hours after staining on aflow cytometer (Facs caliber,
Beckman Coulter, San Jose, Calif). Listmode data on 5000 gated
cells were collected with 1024 channel resolution and were an-
alyzed using Cell Quest software version 2.0 (Becton Dickinson,
Cockeysville, Md). Backgating of listmode files was utilized.

Data Analysis

Sperm parameters and leukocyte cell types were determined for
each subject. For each sperm parameter and cell type, an SCI
group mean and a control group mean were calculated. Differ-
ences between group means were compared by anaysis of var-
iance.

Results

Sperm Parameters

Consistent with previous reports, mean sperm concentra-
tion was similar, whereas mean sperm motility and via-
bility were significantly lower in semen from men with
SCI than from controls (Table 2) (Linsenmeyer and Per-
kash, 1991; Ohl et al, 1992; Sonksen and Biering-Sor-
ensen, 1992; Brackett et al, 1996a,b, 1997b).

Leukocyte Immunophenotyping

The semen of men with SCI contained a significantly
higher number of total leukocytes than the semen of con-
trol subjects (Figure 1). Immunophenotypic analysis of
those leukocytes was performed by flow cytometry (Ruiz
and Berho, 1998), and gating of the cell population was
performed on the basis of FS and SS characteristics. The
gates were divided into cells bearing low FS/llow SS
(“‘lymphocytes’), moderate FS/moderate SS (‘‘mono-
cytes’”), and high FS/high SS (‘“‘granulocytes’). In men
with SCI, a magjority of the events in these gates were
hematopoietic cells (ie, CD45 positive). Figure 2 shows
the relative proportions of each physically defined sub-
population compared to norma men. As noted before,
control semen had an overall lower leukocyte count,
which sometimes hindered analysis and prevented an ac-
quisition of total events compared to SCI-derived semen.

Our analysis of these cells in the 3 gates for their sur-
face antigenic profile yielded an overall different profile
in semen from SCI subjects compared to that from con-
trols. An evaluation of the cellsin the *‘lymphocyte’” gate
(Figure 3) revealed that the mgjority of the cells were T
lymphocytes that had appropriate lineage antigens (CD2,
CD3, CD5, and CD7), with most bearing o/ T-cell re-
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Table 1. Antigens analyzed on semen leukocytes
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Clone Name/Antigen* Fluorochromet Specificityt
2D1/CD45 PerCP Pan leukocyte
MOP9/CD14 PerCP Monocyte/macrophage
L138/CD13 PE Pan myeloid

P67.6/CD33 FITC Pan myeloid

10.1/CD64 FITC Monocyte/macrophage
S-HCL-3/CD11c APC Monocytes

L243/HLA-DR PerCP MHC class Il
WB8E7/CALLA/CD10 FITC Granulocytes, atypical lymphocytes
HB-7/CD38 APC T activation/plasma cells
2A3/CD25 PE Activation marker
L78/CD69 APC Activation marker
BEB1/CD42a PerCP Platelet-associated antigen
MY31/CD56 PE Natural killer cells
8G12/CD34 APC Hematopoietic, progenitor
S5.2/CD2 FITC Pan T cell

L17F12/CD5 APC Pan T cell, some B cells
SK7/CD3 PerCP Pan T cell

SK3/CD4 APC T helper/inducer
SK1/CD8 FITC T suppressor/cytotoxic
MT701/CD7 PE Pan T cell

WT31/TCR FITC Pan T cell

4G7/CD19 PE Pan B cell

L27/CD20 PerCP Pan B cell

SHCL-1/CD22 PE Early B cells
EBVCS-5/CD23 PE B-cell subset

TB28-2/k FITC B-cell subset

1-155-2/n FITC B-cell subset

* The clone name refers to the particular hybridoma cell line source for the antibody.

t PerCP (peridinin chlorophyll), FITC (fluorscein isocytothiocynate), PE (phycoerythrin), and APC (allophycocyanin) are fluorochromes with non-

overlapping spectra, thereby allowing 4-color analysis.
¥ MHC indicates major histocompatibility complex.

Table 2. Sperm parameters for control and SCI subjects*

Ct/mL X 10¢ % Motility % Rapid Linear % Viability
Control: 1 21.25 65 50 84
2 21.25 44 20 62
3 31.89 73 69 5
4 74.62 49 40 45
5 99.49 67 59 71
6 112.25 63 57 93
7 704.08 76 66 96
8 130.74 65 60 81
Mean = SEM 149.4 = 80.6 62.8 = 3.89 52.63 * 5.66 67.13 = 10.7
SCl: 1 12.75 17 9 2
2 149.24 63 55 28
3 89.92 40 30 13
4 15.94 14 9 8
5 75.26 35 22 20
6 63.78 0 0 2
7 69.52 36 31 5
8 107.15 41 33 21
9 71.43 52 45 17
10 160.08 20 15 29
11 15.94 11 6 5
12 91.84 35 31 5
Mean *= SEM 79.9 = 13.8 30.3 + 5.27 238 = 4.81 129 = 2.85
Significance NS P < .001 P < .001 P < .001

*Ct/mL X 10¢ indicates millions of sperm per milliliter of ejaculate; % Motility, percentage of sperm with forward progression; % Rapid Linear,
percentage of sperm with rapid linear motion; % Viability, percentage of viable sperm; NS, not significant; and SCI, spinal cord injury.
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Figure 1. Total leukocyte count in the semen of spinal cord injury (SCI)
and control subjects as determined by the trypan blue exclusion method.

ceptors. The subpopulations of the T cells were skewed
toward a predominance of CD4-positive cells (T-helper
cells), athough some CD8-positive cells were also evi-
dent. Multicolor analysis further demonstrated that a high
proportion of the T cells coexpressed CD25 (interleukin
[IL]-2 receptor) and HLA-DR, both associated in human
T cells with an “activated” state. Minor B-cell popula-
tions were present, along with some granulocytes. An
analysis of ‘““monocyte’’- and ‘‘granulocyte’ -sized gated
cells (data not shown) showed that a predominance of
those cells were of myelomonocytic lineage.

Discussion

It iswell known that men with SCI have abnormal semen
quality (Brackett et al, 1996b, 1997b, 1998a). The most
impaired parameter is sperm motility. The cause of this
asthenozoospermia is unknown. This condition does not
seem to be related to frequency of gaculation (Sonksen
et al, 1999), elevated scrotal temperature (Brackett et al,
1994), number of years postinjury (Brackett et al, 1998b),
method of bladder management (Ohl et al, 1992), or
method of gaculation (Brackett et a, 1997a; Ohl et a,
1997). The problem may be related to abnormalities in
the seminal plasma of these men. For example, the sem-
inal plasma from men with SCI inhibits the motility of
sperm in normal men (Brackett et al, 1996a), and in men
with SCI, sperm from the vas deferens has higher motility
than gjaculated sperm (Brackett et al, 2000). The question
is, What factor or factors in the seminal plasma cause low
sperm motility in men with SCI? It has been previously
noted that semen from SCI men contains numerous non-
spermatozoon cells (Wieder et al, 1999), many of which
are leukocytes (Aird et al, 1999).

Numerous epidemiological (Harrison et al, 1991; Wang
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Figure 2. The percentage of CD45+ cells in spinal cord injury (SCI) and
control subjects was determined in 3 gated areas on the basis of forward
(FS) and side scatter (SS) characteristics (lymphocytes, monocytes, and
granulocytes); see “Materials and Methods.”

et a, 1994), clinical (Berger et a, 1982), and experimen-
tal studies (Wolff et al, 1990; Kovalski et al, 1992) report
that leukocytospermia has been linked with poor semen
quality and damaged sperm function. A few reports sug-
gest little or no correlation between leukocyte concentra-
tion and semen parameters (Aitken et al, 1991, 1994).
Studies on semen samples in patients with male accessory
gland infection showed that asthenozoospermic samples
with increased number of white blood cells (WBCs)
showed even lower sperm motility than asthenozoosperm-
ic samples without WBCs (Depuydt et a, 1996). Overall,
the association between leukocytospermia and decreased
sperm motility is strong.

WBCs can have an effect on sperm quality by produc-
ing reactive oxygen species (ROS) and/or cytokines, each
of which may have a deleterious effect on sperm motility.
Studies suggest that cytokines and ROS may interact in
mediating toxic effects on inflammation (Rajasekaran et
a, 1995). ROS is required for sperm capacitation, and
human spermatozoa can generate ROS (de Lamirande and
Gagnon, 1993). Our group (Padron et al, 1997), as well
as another group (de Lamirande et al, 1995), found that
SCI patients had higher levels of ROS in their semen than
did infertile men. It was aso noted that the level of ROS
in specimens from men with SCI correlated negatively
with sperm motility and positively with WBC concentra-
tion.

In addition to ROS, a number of other substances have
been found to differ significantly in the semen of SCI men
compared to healthy controls. For example, prostate-spe-
cific antigen concentrations are lower (Brasso et al, 1998;
Lynne et al, 1999); concentrations of fructose, albumin,
glutamic oxal oacetic transaminase, and akaline phospha-
tase are lower; concentrations of chloride are higher
(Hirsch et a, 1991); and concentrations of somatostatin
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Figure 3. Relative percentages of hematopoietic cell subpopulations present in semen analyzed by flow cytometry.

are lower in patients T6 and above (Odum et al, 1995).
It is not known, however, if abnormal seminal concentra-
tions of these substances are causing, or simply coincid-
ing with, the asthenozoospermia observed in the majority
of these patients. Leukocytospermia is a ubiquitous con-
dition in these patients, regardless of the period of absti-
nence. An important step in determining the mechanism
causing asthenozoospermia in these men is to identify the
leukocyte subtypes in their semen.

Various cytokines may be found routinely in the semen
of norma men and in abnormal concentrations in the se-
men of infertile men (Depuydt et al, 1996; Gruschwitz et
al, 1996; Dousset et al, 1997; Naz and Evans, 1998).
Their origin from seminal leukocytes (polymorphonuclear
leukocytes and lymphocytes) is implied, as is their det-
rimental effect on sperm motility. This issue has not been
investigated extensively. We have found that the largest
proportions of the leukocytes in the semen of SCI men
appear to be lymphocytes, which, at this point, can be
subtyped to T cells, many of which are activated or im-
munologically active and the majority of which are CD4
(helper) cells. For the moment, it is reasonable to assume
that most of the abnormal levels of cytokinesin the semen
can be attributed to the abnormal levels of cytokine-pro-
ducing cells (leukocytes) found in these patients. The
source of these cellsis not known, although our own stud-
ies (Brackett et a, 2000, unpublished data) have elimi-
nated the epididymis and prostate gland as a source. Of
the remaining structures along the gaculatory pathway,

the seminal vesicles are most suspect, since they contrib-
ute so much in volume and secretory products to the gjac-
ulate, but they have not been investigated systematically
for this problem. Further, it is not clear if this complex
relationship of cells, ROS, and cytokines is a response to
alocal inflammatory or infectious conditions in these SCI
patients or another manifestation of the poorly understood
immune dysregulation that can be seen in SCI patients
(Nash, 2000).

Conclusion

Our study showed that, compared to controls, men with
SCI had significantly higher numbers of mature granu-
locytes and lymphocytes. The largest proportion of leu-
kocytes seen were lymphocytes. |mmunophenotypic anal-
ysis by flow cytometry showed that the greater fraction
were T cells, many of which were in an activated state.
No significant B-cell population was evident.
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