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Formaldehyde-fixed semen is suitable and safer for leukocyte

detection and DNA amplification*
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Infected semen is a principal mode of transmis-
sion of several human pathogens, including gonor-
rhea, human immunodeficiency virus (HIV), hepati-
tis B virus, chlamydia, and mycoplasms. To stody
semen infections, as well as protect andrology labo-
ratory personnel from pathogen exposure, we have
been interested in developing safer methods of rou-
ting semen analysis. Formaldehyde fixation of se-
men at the time of ejaculation is an attractive pos-
sibility because >2% formaldehyde solutions
disinfect many pathogens (1), and detection of
pathogen DNAz in formaldehyde-fixed pathology
gpecimens is possible through polymerase chain re-
action (PCR) amplification (2). Therefore, to take
advantage of the disinfectant and stabilizing effects
of formaldehyde fixation, we undertook studies of
the feasibility of identifying cell types and patho-
gens in fixed semen samples.

Leukocyte-specific monoclonal antibodies
{mAbs) have been reported (3, 4) to immunohisto-
chemically distinguish semen leukocytes from
other round cells such as immature forms of germ
celle. Such a distinction is important to the design
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of effective treatment strategies for male reproduc-
tive tract pathologies. We report here that immuno-
histochemical identification of leukocytes is also
possible in formaldehyde-fixed semen.

Although a number of reports indicate PCR will
detect single copies of DNA sequences (2, 5) and
thus provide a sensitive approach to the detection
of genetic variationa and pathogens in semen sam-
ples, at this time there are several obstacles that
prohibit its routine use in andrology laboratories.
Major drawbacks include the need for DNA purifi-
cation, potentially infectious procedures not rou-
tine in andrology laboratories, and for radicactive
or ligand-substituted DMNA probes for hybridization
to PCR products, also not routinely available in an-
drology laboratories. We report here the develop-
ment of simplified PCR procedures suitable for
formaldehyde-fixed semen. The procedures make it
feasible to attempt to type genetic alleles in sin-
gle fixed sperm (5) as well as detect pathogen
DNAs (2).

MATERIALS AND METHODS

Immunohistochemistry of Formalin-Fixed Semen
Cells

Semen samples were fixed in at least five volumes
of buffered 3.0% to 3.7% formaldehyde or parafor-
maldehyde for a few hours (or up to 8 months). An
aliquot of the cell suspension was centrifuged at 500
* g for 10 minutes, the supernatant solution re-
moved, and the cell pellet washed twice by resuspen-
gion in phosphate-buffered saline (FPBS) (10 mM
sodium phosphate, pH 7.5, 154 mM NaCl). Aliquots
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of %10* cells in 5 L. were placed onto eight-spot
slides, dried at 60°C, fixed in acetone, and immu-
nostained with the leukocyte antibodies, DAKO-
L.CA, a mixture of two mAbs PD)7/26/16 and 2B11
(Dako, Carpinteria, CA) and HLe-1 (Becton Dick-
inson, San Jose, CA), according to Zymed kit in-
structions (Histostain SP-kit; Zymed Laboratories,
San Francisco, CA). Briefly, each spot was treated
with 1% H,0, for 5 minutes to block endogenous
peroxidase activity, washed twice with PBS, and
hlocked with 10% nonimmune rabbit serum for 10
minutes, after which 50 ul. drops of mAb (HLe-1,
diluted 1:10 or LCA, diluted 1:25 in PBS) were ap-
plied for 60 minutes at 37°C in a humidified atmao-
sphere. After rinsing with PBS, biotinylated rabhit
anti-monze immunoglobulin (diluted 1:200) was
added for 10 minutes, followed by PBS rinses and
treatment with streptavidin-conjugated horserad-
ish peroxidase for 5 minmutes. The substrate-chro-
mogen complex (0.03% peroxide and aminoethyl-
carbazole) was added for 5 to 10 minutes. Slides
were ringed with distilled water and counterstained
with hematoxylin to visualize nuclei and nonim-
munoreactive cells.

Amplification of Sperm Genomic DNA Sequences
in Formalin-Fixed Semen

Semen samples were divided into two parts, one
of which was fixed with five volumes of formalin.
Each part was washed and counted as for the im-
munostain procedure, and aliquots of known num-
bers of sperm were treated with 50% absolute eth-
anol for a minimum of 1 hour (up to 5 months),
centrifuged in the cold at 10,000 rpm for 10 min-
utes, the supernatant decanted, and the pellet dried
in & Speedvac (Savant, Farmingdale, NY). Dried
pellets were resuspended in 10 ul of protease K
buffer (10 mM Tris-HCL, pH = &.3; 50 mM KCl; 2.5
mM MgCl,; 0.5% NP40; 20 mM dithiothreitol 100
pg/mL protease K), digested overnight or for 2 days
at 56°C, heated to 95°C for 10 minutes to inactivate
the protease K and stored at —20°C before amplifi-
cation. The initial PCR mixture (100 gL total in-
cluding the digested sperm sample) contained 20
mM Tris-HCI, pH 8.8 at room temperature; 20 mM
KCIL 2.5 mM MgCL,; 10 pg/mL bovine serum albu-
min; 0.05% NP40; 3.6% ethylene glycol; 200 uM
each dATP, dCTP, dGTP, and dTTP; 0.5 U Tag
polymerase; and 10 pM of primers (low-density 1i-
poprotein [LDL) receptor-specific primers derived
from Genbank Accession No. L00347 and K02573,
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Intelligenetics, Ine., Mountain View, CA). Primer
sequences were (5 to 3): AGTGCCAACCGCCT-
CACAG (LrM1) and CCTCTCACACCAGTT-
CACTC (LrM4). Cyeling conditions were: two cy-
cles at 88°C for 2 minotes, 55°C for 30 seconds,
T2°C for 30 seconds followed by 48 cycles of 95°C
for 1 minute, 55°C for 30 seconds, and 72°C for 30
seconds. Oil (a major souree of crossover PCR con-
tamination) was eliminated by performing the PCR
under a heating hlanket set at 85°C to minimize
condensation on the lid of the reaction tube. All
PCR tubes were handled with swatches of diethyl-
aminoethane (DEAE) paper to further prevent
crossover contamination (2). Heaction conditions
for the second, heminested amplification were the
same with the substitution of 1 U of Tag polymer-
ase, 100 pM of primers LeM4 and LeM6 (TGGCTG-
GGTGAGGTTGTGGA, 5 to 3) and 1 pL of the
first PCR products az sample.

Amplification of HIV DNA Sequences in
Formaldehyde-Fixed Semen

Ejaculated semen from an HIV seropositive male
was fixed in formalin at the site of collection and
transported to the laboratory as a stable, disin-
fected cell suspension. Aliquots of semen cells were
washed and immunostained, as described for Figure
1, and protease digested as described for Figure 2.
The HIV PCRs employed three sets of primers to
HIV gag, locus 1319-1659 (Genbank Accession No.
K02007; Intelligenetics, Inc.) in a triple bracket/
nested amplification strategy designed to amplify a
single HIV sequence and shown to readily dstect as
few as five copies of control HIV provirus in the
presence of X10* formaldehyde-fixed blood cells
(2). The reaction conditions were the same as those
described sbove with the substitution of HIV
primers and variable amounts of polymerase. The
primers used in each reaction were (5' to 3'): TTA-
TCAGAAGGAGCCACCCC and CCTTGTCTT-
ATGTCCAGAATGC for the initial 341-base pair
(bp) amplicon; AGTGGGGGGACATCAAGCAGC-
CATGCAAAT and CCTGCTATGTCACTTCC-
CCT for the intermediate 144-bp amplicon; and
GAGACTATCAATGAGGAAGC and TGCTAT-
GTCAGTTCCCCTTGGTTCTCT for the final
105-bp amplicon. The 341-bp sequence was ampli-
fied from 1 pM of each primer and 0.5 U of Tag
polymerase (to limit nonspecific DNA synthesis)
for two cycles of 98°C for 2 minutes; 55°C for 30
seconds; T2°C for 15 seconds; 18 cyeles of 95°C for 1
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Figure 1 Immunstained formaldehyde-fized leukocyies, Peripheral blood leukooyvies and semen snmples
with leukosviospe rmia stained with hln‘lﬂlu!l.;rlinl.l, D and immunostained with mAb HLe-1 (B, E, G 1o I) ar
LiC (C, Fl, respectively. Immunopesitive leukocyies are dork red-brown. Examples of nonimmunoreactive
immature germ oells are designated by areows (0, H, 1). Examples of polymorphonislear oells strongly immuane-
reactive with HLe-1 and weakly immunoresctive with LCA are designated by * (C, Fi. An example of a
commanly seen, lange semen cell immunoreactive with both mAbs i= slhown in G.

minute; 55°C for 30 seconds; 72°C for 15 seconds,
pluz a final 2-minute extension at 72°C after the 20
cveles. Ten microliters of the 100-uL final reaction
products were transferred to a second, fresh PCR
setup containing the same reaction components
plus 100 pM of each primer for the 144-bp product
and 2.5 U of Tag polymerase for two cveles of 98°C
for 2 minutes; 55°C for 30 seconds; T2°C for 15 sec-
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onds; 38 cveles of 957°C for 1 minute; 55°C for 30
seconds; T2°C for 15 seconds, plus a final 2-minute
extension at T2°C after the 40 cveles. For the final
amplification, 2 uL. of the 144-bp products were
transferred to fresh reaction buffer containing 100
pM of the primers for the 105-bp product plus 2.5 U
of enzyme for 40 cyveles of the same sirategy as the
gecond amplification.
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Flgure 2  Amplification of LDL receptor DA sequences in
fresh and fived sperm. Products from the nested amplifiention
of LD peceptor were electrophoressd through 80% polyacryl-
amide and stained with eithidium bromide (3). Odd nambered
lapes contnin samples from fioed ssmen; even rumbersd lanes
from nonfixed semen; lanes § and 2, = 00° cells; 3 amd 4, =107
cells; & amd &, = 10* cells; 7 and 8 = 10° cells; ¥ is 50 ng (= 10% eell
equivalents) of placenta DNA control; B is no NA assay blank:
M in Hae 111 digested phi X174 modscalar gize marker.

RESULTS

Figure 1 is an example of immunostained semen
samples in comparison with peripheral blood cell
controls (2). Under our conditions, the mAb, HLe-
1, detected all formalin-fixed white blood cells (Fig.
1B}, whereas LCA antibody detected principally
lymphocytes and monoeyvtes (Fig. 1C). Similar re-
sults were obtained with semen samples, such as
the one in Figure 1D to F, that contained high con-
centrations of leukoeytes: HLe-1 reacted with all
leukoeytes (Fig. 1E), and LCA bound principally
lymphocytes and monocytes, reacting only faintly
with granulocytes (Fig. 1F). In numerous semen
samples, neither mAb reacted with fxed sperm or
immature germ cells, ns demonstrated by the semen
cells immunostained with HLe-1 that contained a
mixture of leukocytes and immature germ cells
(Fig. 15 to ). Studies to more specifically identify
the large semen cells (Fig. 1G) immunostained by
HLe-1 (and LCA) are in progress,

To determine if the formaldehyde-fixation al-
tered the immunohistochemistry of the semen cells
detected, we conducted a comparison study of leu-
kocyte concentrations in unfizxed and fixed aliquots
of semen samples obtained from men attending our
andrology laboratory for routine semen analysis. As
shown in Table 1, among semen samples with a
wide range of cell concentrations, we found no sig-
nificant differences in differential leukocyte counts
between fresh and formalin-fixed preparations.

Wi began investignting the effect of formalin fix-
ation on the PCR by amplifving LDL receptor se-
quences, previously studied in human sperm (5).
Preliminary trials revealed that sufficient copies of
n 254-bp amplicon were generated in 40 cyeles from
= 10" nonfixed, protease-digested semen cells to be
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readily detectable by ethidium bromide (data not
alvown). However, the efficiency of the reaction was
gquenched by the fxation process, and we found
that cell aliquots with =* 10" sperm led to spurious,
ameared DMNA products, and those with =x10*
aperm gave no detectable DNA products. Thus, it
was necessary to modify the PCR protocol for form-
aldehyde-fixed sperm. The modifications included
a second, nested amplification, the specificity of
which was improved by decreasing the concentra-
tion of primers and polymerase in the first reaction,
a3 described in Materials and Methods. These con-
ditions made it possible to detect LDL receptor se-
quences in formaldehyde fixed semen cells (107 to
# 107 per reaction) as a single, 96-bp DMNA band in
an ethidium stained gel at approximately the same
level of sensitivity as unfized cells (Fig. 2).

To determine the possibility of detecting patho-
gen DMAs in fixed semen, we carried out PCR am-
plification of HIV DMNA sequences in semen from
an HIV-infected man with hemophilia (Fig. 3). In
this experiment, amplification of g-globin DNA se-
quences was used s the positive control for geno-
mi¢ cell DMA in the PCR mixtures. The sperm cell
aliguot that contained =107 sperm and 8,700 leuko-
evtes was positive for HIV DNA (Fig. 3, lane 5); the
aliquot of one tenth this number of cells was nega-
tivee, That the ethidium-stained bands were specific
for the target sequence was verified by restriction
enzyme digestion (data not shown) (2).

DISCLUSSION

These findings define a stable, safe, rapid asaay
svstem for leukocyies and DNA sequences in

Table 1 Immunchivtochemical Detection of Leukorites
in Semen

Cells
Fresh Fimed
Patient Sperm Rourd Hle® LC* HlLe* LC*
o 1P el
1 47 74 .8 L1 5. 1.1
b 0.7 1.5 a4 L& L LI
3 F ] 4.3 Sk [1¥.] S LIE.]
i 47 0. 123 T 1.5 a5
] 47 3.2 = | (LX) az L1
& L8 L. LIE) 0z LR LLE]
7 | h.A 6.2 1.2 [N 1.2
B 101 .5 L6 0T 25 T
o 11 1.0 1y ol Ly il
10 16 0.0 01 ooy 03 LT
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Figure 3 Amplificstion of HIV and §-globin gene DNAs in
fixed semmen cells. Two aliguots of semen that were formalde-
biyille fiwed at the site of collectian before trnnsport o the laborm-
tory were diluted in butfers and the cells collected for PCR analy-
gis, 8 described im Maferinls and Methods. §-Globin DINA
sequences were amplified as normeal cell controls in 8 mested
etrategy emploving the same PUR baffers and thermsl cpcling
parnmeters described in Moterials and Methods. Primer pe-
quenees for the first amplification (268-bp product) were (5 to
T CAACTTCATCOCACGTTCACT amd GAAGAGCCARGE-
ACAGGTAC; for the inner nested amplification (172-bp prod-
wt E GTCATCACTTAGACCTCACC and TGGTGTCTGTTT -
GAGGTTGC. Initial PCR  reactions for HIV ssqueences
contained *10* and $107 gperm (B70 and 8,700 leukocytes, re-
spectively), lones 4 and 5, respectively. Ten microliters of the
renction products were used as samples for the initial g-globin
amplification, thus dane | started from = 10" sperm and lane 2
from =x10%, Lones 3 mnd & mo DNA resction blank controls.
Final PCR products were electrophoressd through BO% paly-
ncrvlamide with o 123-byp Indder as a modecalar size marker (M)
nnd simined with eithidium bromide.

gemen. Studies are in progress to determine if the
formalin-fixed sperm have the same morphological
characteristics as fresh cells that would make it pos-
gible to confine all aspects of & semen analysis ex-
cept motility assessment to pathogen-inactivated
cell suspensions. Our results show that, in fact,
formaldehyde fixation significantly improves the
morphology of round cells in semen relative to our
standard semen smears, particularly the integrity
of membranes, without reducing the sensitivity or
gpecificity of immunostaining. The leukocyte anti-
body, HLe-1, reacted with essentially the same
number of total leukocytes in both fresh and fixed
pemnen samples with no detectable cross-reactivity
with immature germ cells. However, in contrast toa
previous report (4), but in agreement with an ear-
lier study {(G), we found that the leukocyie antibody,
DAKO-LCA does not bind well to granulocytes,
fresh or fixed, and is thus a relatively specific probe
of lvmphocyies/ monocytes: there was no detectable
cross-reactivity with immature germ cells. Thus, by
immunostaining with HLe-1 and LICA, it is possaible
to distinguish and gquantify all leukocytes versus
lymphocytes/monocytes in formalin-fixed semen
samples.

Because formalin fixation preserves the cells in-
definitely, this approach is well suited to a clinical
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andrology laboratory setting in which samples
could be preserved, pending a physician’s request
for a leukocyte analysis, or collected and preserved
for analysis at sites remote from the laboratory. We
found on average (Table 1) spproximately one
fourth of all HLe-1" leukocytes in semen wene
LCA* lymphocytes/monocytes (LC*). Verifving
such cell parameters in a larger study could lead to
increased understanding of the etiology of leukocy-
tospermia in general.

In addition, the ability to identify PCR-amplified
cell and viral DMNA sequences without the need for
pathogen contminment, DNA purification or la-
beled DNA probes paves the way for adaptation of
these assays to clinical andrology laboratory set-
timgs. The addition of a third, nested PCR amplifi-
cation of product is on the order of % 10* more sensi-
tive than the standard Southern blot/restriction
digest approach to detecting PCR products. If it
proves possible to also conduct gene allele studies
with single, formalin-fixed sperm, this approach
could be a valuable tool for retrospective analysis of
elusive disorders such as idiopathic infertility.

By combining immunohistochemistry with PCR,
it may be possible to quantify infected cells in se-
men by serial dilutions of cells in the initial PCR,
thus providing rapid information about infection
status or response to therapy. For example, leuko-
cyte immunostaining revealed 870 LCA® cells per
#10° sperm for the HIV® semen sample. The PCR
assays containing X107 sperm {and thus 8,700
LCA*® cells) were positive for HIV, and those con-
taining *10* sperm were negative. If it can be
proven that the PCR method was sufficiently sen-
sitive to detect 1 infected cell and that only leuko-
cvies and not sperm cells contain HIV DNA, at
least 1 in 8,700 LCA" cells, but not as many as 1 in
870 LCA* would be HIV-infected in this semen
sample. Further work is necessary to test this type
of quantitative approach. Similar analyses may be
possible with other ssmen pathogens, such as cyto-
megalovirus or ureaplasm.

SUMMARY

This pilot study indicates the use of formalin-fix-
ation may offer a significant advance in the cyto-
logic and pathological evaluation of semen. We are
reporting this novel method to stimulate further as-
sesarnent of this safer approach to semen analysis.
The immunchistochemistry and PCR methods de-
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scribed here may also prove useful in improving the
safety of studies of pathogen-infected cells in other
laboratory settings.

Key Words: Semen, formaldehyde-fixation, im-
munohistochemistry, human immunodeficiency
virus, PCR.
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