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IDENTIFICATION OF MICROGLIA AND MACROPHAGES USING ANTIBODIES TO VARIOUS
SEQUENCES OF THE IBA-1 PROTEIN
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The Iba-1 protein is traditionally considered a highly selective marker of microglia because of the specific expression of the gene in this particular population of
the CNS cells. Alternative splicing creates several isoforms of the Iba-1 protein, which may cause discrepancies in the results of immunohistochomic reactions
depending on which epitopes of the immunogen the antibodies selected for the study were developed. In this connection, and with the aim at identifying reliable
variants of antibodies to Iba-1 available to researchers in the Russian Federation, we organized with study, seeking to evaluate the results of detecting microglia
and macrophages using antibodies to different protein sequences produced by different manufacturers. As material, we used samples of the brain and testis
of mature (3-5 months) male Wistar rats (n = 8). Polyclonal and monoclonal (clone JM36-62) antibodies to Iba-1 were used as primary reagents. We found that
monoclonal antibodies of the JM36-62 clone enable more selective antigen detection with a better signal-to-background ratio; they can be used as replacements
for reagents that are currently not available commercially. Polyclonal antibodies enabled not only immunospecific imaging of microglia and macrophages, but also
the identification of cells of the epithelial-spermatogenic layer of the testis. It is assumed that germinal epitelium contains the Iba-1 isoform devoid of an epitope
that corresponds to the sequence of the immunogenic antibody clone JM36-62 fragment of the native protein. Functionally, various isoforms of Iba-1 should be
investigated further.
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BbIABIIEHUE MUKPOIMNN N MAKPO®AIOB C UCMNOJIbBOBAHUEM AHTUTEN K PA3JIN4YHbIM
MOCJIEQOBATEJIbHOCTAM BEJIKA IBA-1

B. A. PagerkoBa™, O. B. Kupuk, B. C. Masnosa, [. 3. Kop>xeBcKui
VIHCTUTYT akcneprmeHTansHon MegunumHel, CaHkT-MNeTepbypr, Poccus

Benok Iba-1 TpaanUMOHHO CHATAIOT BbICOKOCENEKTVBHBIM MapKepOM MUKPOMMN Hrarofapst CreumhuHeckon SKCnpeccu reHa MeHHO B 3TOW MOMyNALmy KNeToK
LIHC. B pesynsrate ansrepHaTUBHOIO CrinanicHra (hopMnpyeTCs HECKOMBKO M30(hopM Berka Iba-1, 4T MOXET CAy>KWUTb MPUHMHON PACXOXKOEHWA Pe3ysTaToB
VIMMYHOTMCTOXOMUYECKIX PEaKLMin B 3aBUCUMOCTM OT TOTO, K KakvM 9nm1Tonam MMyHoreHa BblpaboTaHbl BbibpaHHbIe 415 UCCnefoBaHns aHTuTena. B cesaan
C 3TVM, a TaKKe C HeOBXOAMMOCTBIO OMpefeneHns HaaexKHbIX BapnaHToOB aHTUTen K Iba-1, ocTynHbIX Ans nccnenosatenent B Poccwuiickon ®enepaumm,
Lienbto paboTbl ObINO OLEHWUTb PE3YNbTaThl BbIABNEHNA MUKPOMMN U MakpOMaros C MCMONb30BaHNEM aHTUTEN K Pasdn4HbiM NOCNEAOBATENLHOCTAM benka,
BbIMyCKaeMblx PasHbIMI NPOV3BOAVTENAMI. MaTepranom Ans UcCnefoBaHns CRy>kunm obpasLipl roIOBHOrO MO3ra 1 CeMEHHUKa NonoBO3perbIx (3-5 MecsLes)
Kpbic-camuoB Wistar (n = 8). B kayecTBe NepBU4HbIX PEareHToB MCMONb30BaM NONMKIIOHAIbHbIE U MOHOKNOHaNbHbIE (knoH JM36-62) aHTtutena K Iba-1.
YCTaHOBIEHO, YTO MOHOKJ/IOHasbHbIE aHTUTeNa knoHa JM36-62 no3sonstoT fobuTbCst 6051ee BLICOKOW CENEKTUBHOCTY BbIABMIEGHWS aHTUreHa Mpu JiyuLlem
COOTHOLLIEHWV CUrHaN/hOH 1 MPUroAHbI AN 3aMeHbl PeareHToB, He JOCTYMHbIX B HACTOSILLEEE BPEMS K MPYOBPETEHMIO. VIcnonb3oBaHyie NONVKNOHaNbHbIX aHTUTEN
NPUWBENO HEe TOMBKO K MMMYHOCTELWIPNHHONM BU3Yyanm3aLimm MUKPOMNN 1 Makpodaros, HO 1 K BbISIBNEHWIO KNETOK SMUTENMO-CNEPMaTOreHHOro Closi CeMEHHIKa.
MpennonaraeTcs, YTO B KNETKax 9MUTENMO-CNePMaTOreHHOrO CI0S MPUCYTCTBYET M3oopMa ba-1, nnLieHHas snmMtona, COOTBETCTBYIOLLIErO MOCNEA0BATENBHOCTY
VIMMYHOMeHHOro ANt aHTuTen knoHa JM36-62 dparmeHTa HaTvBHOro 6enka. OyHKUMOHaIbHOe 3HaYeHne pasnnyHbix M3odopM Iba-1 Ha HaCTOALMIA MOMEHT
OCTaeTCs HEACHBIM 1 TPEBYET AanbHENLNX NCCNeA0oBaHNNA.

KntoueBble cnosa: Iba-1, AlF-1, Mykpornus, makpodari, MMMyHOrUCTOXUMUS

duHaAHCUpOBaHMe: NCCnefoBaHne BbINONHEHO NP drHaHCOBOW noaaep)xke Poccuinckoro HaydHoro ®orpa, npoekT Ne 24-15-00032,
https://rscf.ru/project/24-15-00032/

Bknag aBTopoB: B. A. PageHkoBa — aHanm3a nuteparypbl, UHTEPNpeTaLys pesynstatoB, Noagrotoska pykonmcy; O. B. Kuprk — aHanma pesynsrartos, pefakTipoBaHie
TekcTa, pabota ¢ unmocTpauuamy; B. C. MNaenoBa — rycTonornyeckast MpoBoaKa G1onormyeckoro Martepyiana, NocTaHoBKa MMMYHOTUCTOXUMUHECKNX PEaKLINIA;
L. 3. KOp)KeBCKMIN — KOHLENLVIS, MNaHNpOBaHne NCCnefoBaHns, PeaakTMpoBaHue TekcTa.

CobniogeHne 3aTU4eCKUX CTaHJApPTOB: 1CCeaoBaHme ofobpeHo aTnHecknm kommutetoM OIEHY «1OM» (mpotokon Ne 2/24 ot 25 anpens 2024 r.), NpoBeAeHO
B MOJIHOM COOTBETCTBUN C MONOXKEHUSMU XeNbCUHKCKOM Aeknapaumm (2013 ).

><] Ansa koppecnoHaeHuuu: Banepust AnekceeBHa PaseHkoBa
yn. Akap. Masnosa, a. 12, r. CaxkT-MNetep6ypr, 197376, Poccws; valeriya.raz@yandex.ru

Cratbsi nonyyeHa: 17.05.2024 Ctatbsi NnpuHsaTa K nevatun: 05.06.2024 Ony6nukoBaHa oHnaiH: 29.06.2024

DOI: 10.24075/vrgmu.2024.026

BULLETIN OF RSMU | 3, 2024 | VESTNIKRGMU.RU [ 13




OPUTMHAJIbHOE UCCJIEQOBAHNE | UMMYHOIJIOI A

Neuroglia of the central nervous system includes a set of non-
neuronal cells that support normal functioning of neurons:
nutrients transportation, removal of decay products, myelin
formation, signal transmission, etc. [1]. Historically, microglial
cells (microglia or microglyocytes) are considered neuroglia,
but they have different origin than other glial cells of the central
nervous system [2]. Microglia's primary function is development
of the brain's immune system [3]. Microglial cells are capable
of rapid activation in response to even minor pathological
changes in the central nervous system, and in this connection,
functional activity of microglia is a widely used indicator of the
nervous system's response to infection, trauma, ischemic brain
damage, or neurodegeneration [4, 5].

Earlier, antibodies to proteins of class Il main histocompatibility
complex were used as immunohistochemical markers of
microglia. In 1996, scientists isolated the Iba-1 protein (ionized
calcium-binding adapter molecule 1) [6], which is considered
a highly selective marker of microglia because the ibal gene
is specifically expressed in this cell population in the brain.
Several authors consider this protein to be identical to AlF-1
[7-10]. Currently, Iba-1 is the most common protein in microglia
studies. However, adequate interpretation of the results of
immunohistochemical reaction is problematic, because the
iba1 gene can undergo alternative splicing, which yields several
isoforms of the protein [11]. Since these isoforms spread in
slightly different ways [12], study to study, immunohistochemical
reactions can yield different results, which depend on the
epitopes of the immunogen that triggered production of the
antibodies. Alternative splicing and various protein isoforms
may be why occasionally antibodies to Iba-1 enable detection
of not only microglia and monocyte-macrophage cells, but also
some of other origin. For example, a positive reaction to the
Iba-1 protein was detected in smooth myocytes [13], breast
ductal tumor epithelium [14] hepatocellular carcinoma [15], and
in the germinal epithelium of the seminiferous tubules [6, 16].
Thus, the alleged high specificity of the respective antibodies
to the Iba-1 protein, considered a microglia marker, is doubtful.

One of the most common antibodies used for microglia labeling
are goat antibodies to Iba-1 (Abcam, UK; catalog number: ab5076),
which, according to the manufacturer's website, are mentioned in
1145 publications. They are produced against a synthetic peptide
that mimics the C-termini of the Iba-1 protein. However, currently,
antibodies to Iba-1 are (Huabio, China; catalog: ET-1705-78) are
easier to procure in the Russian Federation. The immunogen for
these primary reagents is a peptide with a sequence similar to
the protein's N-termini. These primary antibodies delivered good
results in the context of studies employing tissue samples from
various laboratory animals [17-19].

Identification of more reliable variants of antibodies to Iba-1
that can be used for microglia labeling, and determination of
their interchangeability are urgent tasks, therefore, this study
aimed to evaluate the results of detection of microglia and
macrophages that relied on antibodies to different sequences
of the Iba-1 protein produced by different manufacturers.

METHODS

Samples of brain and testis tissues of mature (3-5 months old)
male Wistar rats weighing 350-400 g (n = 8) were used as
material in this study. The animals came from the Rappolovo
laboratory animal nursery (Leningrad Region, Russia); they
were kept in a vivarium at room temperature under standard
conditions, with free access to food and water. Before
sampling, the animals were euthanized by an ethyl ether vapors
overdose. The sampled material was fixed in zinc-ethanol-

formalin and embedded in paraffin in a standard way. Five-
micron thick sections were cut from the paraffin blocks on a
Leica RM 2125RT rotary microtome, and mounted on adhesive
slides HistoBond®+ (Paul Marienfeld; Germany). Brain slices
were made at —2.12 mm from bregma.

After deparaffinization (standard technique), we inhibited
endogenous peroxidase by incubating the sections in a
3% aqueous solution of hydrogen peroxide for 10 minutes.
Before application of the primary antibodies, the slices were
treated with normal equine serum (008-000-121; Jackson
Immunoresearch, USA) or blocking solution (ab64226; Abcam,
UK) at room temperature for 10 minutes. For microglia and
macrophages detection, we used antibodies to the calcium-
binding protein Iba-1: goat polyclonal antibodies diluted 1:1000
(ab5076; Abcam, UK), and recombinant rabbit monoclonal
(clone JM36-62) antibodies diluted 1:1200 (ET-1705-78;
Huabio, China). Incubation with primary antibodies took place
in a humid box for three days at a temperature of 27 °C.

UltraVision Quanto Detection System HRP (TL-060-QHL;
Fisher Scientific, USA), which reacts to mouse and rabbit
primary reagents, and a VECTASTAIN Universal Quick HRP kit
(PK-8800; Vector Laboratories, USA), which detects primary
reagents of mice, rats, and goats, were used as the secondary
reagents. In addition, we took secondary reagents from the
Cell & Tissue Staining Kit (CTS005 and CTS008; R&D Systems,
USA) with monoreactivity to rabbit and goat antibodies,
respectively. The incubation modes for secondary reagents
were as per the manufacturer's recommendations. For both
antibody variants, we performed negative control tests using the
appropriate sets of secondary reagents and an HRP detection
system. For this purpose, the slices were treated with antibody
diluent instead of the primary antibodies solution. Normal rat
serum was used to block non-specific binding of anti-mouse
secondary antibodies to the closely related rat immunoglobulins.

To visualize the product, we used chromogen
3'3-diaminobenzidine from the DAB+ kit (K3468, Agilent; USA).
Once the immunohistochemical reaction was set up, some of
the sections were stained with alum hematoxylin or alcyan blue.
After dehydration and clearing in orthoxylene (Vecton; Russia), the
preparations were put into the Cytoseal 60 medium (23-244257;
Richard-Allan Scientific, USA). The resulting preparations were
analyzed using a Leica DM750 microscope (Leica; Germany) fit
with an ICC50 digital camera (Leica; Germany). To capture images,
we used the LAS EZ image capture program (Leica; Germany).

Using various antibodies to Iba-1, we digitally assessed the
optical density of the stained product of the immunohistochemical
reaction. The data were collected in the striatum area; its
processing relied on the Fiji morphometric analysis program
(Imaged). The Region of Interest feature allowed pre-selecting
preferred areas (10 x 10 microns). We evaluated the average
brightness per unit of area of microglyocytes, blood vessel
lumen, and striatum neuropile. The results of the study were
given in the optical density units. The resulting data were
processed in GraphPad Prism 8 (GraphPad Software; USA)
and presented as mean + SD, with 7 values used to calculate
that mean.

We used the UniProt service to cross reference the amino
acid sequences of the isoforms of Iba-1 (AIF1 in another
classification) [20], and compared sequences P55008-1,
P55008-2, and P55008-3.

RESULTS

The preliminary analysis of the preparations confirmed the
sections and the tissues of the samples were well-preserved.
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A high-intensity immunohistochemical reaction to Iba-1 was
observed on brain and testis preparations with a minimum level
of background staining, as opposed to rabbit primary reagents
(none) and goat primary antibodies (insignificant).

Iba-1-positive cells were found in all the studied rat tissue
preparations. In brain, they were typical microgliocytes with
a large number of thin branched processes (Fig. 1A-D).
Spindle-shaped cells with flattened large processes were seen
near gray matter's blood vessels. Monoclonal rabbit antibodies
forced the processes of Iba-1-containing cells to grow numerous
spike-like outgrowths. Moreover, monoclonal antibody reaction
was found in the meninges (oval cells, no processes, intensely
colored cytoplasm).

The use of goat polyclonal antibodies to Iba-1, despite the
high intensity of the specific reaction, yielded an insignificant
background on the preparations: minor staining of the neuropile,
and a more pronounced nonspecific background staining of
the serum of large blood vessels (Fig. 1A). The intensity of
staining of the neuropil and serum of large blood vessels
was 0.61 + 0.03 and 0.75 + 0.03, respectively. Monoclonal rabbit
antibodies did not trigger noticeable background staining: the
optical density of the stained chromogen in the neuropile and lumen
of blood vessels was 0.57 + 0.02 and 0.59 + 0.01, respectively.
The average value of the microglyocyte staining intensity for both
antibody variants was similar: 0.87 + 0.09 for polyclonal antibodies
and 0.87 + 0.08 for antibodies of the JM36-62 clone.

The use of both variants of primary antibodies on rat testis
tissue samples allowed detecting two types of immunopositive
stroma cells of convoluted seminiferous tubules (Fig. 1E-F). In
the first case, these are cells found close to the vessels. They
have a small, rounded circumnuclear region, and thin non-
branching processes. The second type are large oval shape
with few or no processes. The latter can be isolated or group
(84 cells per group).

The third type of cells was detected only with the help of
polyclonal goat antibodies to Iba-1. In this case, cytoplasm of
cells of the germinal epithelium of the seminiferous (seminiferous
epithelium) tubules contained accumulation of the product of
immunohistochemical reaction. Morphologically, they are similar
to early (rounded) and late (elongated) spermatids (Fig. 1E,
double arrow). No Iba-1 immunopositive cells were found in
the seminiferous epithelium on any of the studied preparations
treated with rabbit primary reagents.

Cell & Tissue Staining Kit, which relies on avidin-biotin
amplification, produced immunohistochemical reaction results
similar to those registered for VECTASTAIN Universal Quick
HRP kit and UltraVision Quanto Detection System HRP.

Comparison of the amino acid sequences of three isoforms
of Iba-1/AIF1 (sequences P55008-1, P55008-2, and P55008-3
from the UniProt) has shown that this or that isoform may be
lacking such sequences of immunogenic fragments of various
antibodies. For example, N-terminus of the immunogenic
fragment for monoclonal rabbit antibodies of the JM36-62
clone was found only in P55008-1 (with a sequence of 147
amino acids), and the shorter isoforms P55008-2 and P55008-
3 (with sequences of 93 and 132 amino acids, respectively) did
not have this fragment. In contrast, the region of C-terminus
of the immunogenic fragment for polyclonal goat antibodies
Abcam is present in the sequences of P55008-1 and P55008-2
(two isoforms of the three studied).

DISCUSSION

Both primary antibodies used in this work yielded good
results of the immunohistochemical reaction, and the ratio of
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immunospecific signal's intensity to nonspecific background
staining was high. Nevertheless, the protocol that involved goat
primary reagents produced a higher level of background staining
of the brain neuropile and testicular parenchyma compared to
the protocol that uses the JIM36-62 clone antibodies. Figure 1
shows a seemingly lower background-to-specific signal ratio
compared to the case of polyclonal antibodies. An additional
quantitative study of the digital images has shown that both
variants of antibodies trigger specific immunohistochemical
reactions of almost similar intensity. However, the intensity of
staining of neuropil and serum from the large blood vessels
was indeed higher for preparations stained with polyclonal goat
primary reagents. Such reagents are known to impose certain
limitations on immunohistochemical studies employing indirect
immunolabelling (by Coons) and modifications thereof. Firstly,
the most common secondary reagents are mono- or bivalent,
i.e., they counter immunoglobulins of one or two animal species
(typically — rabbit and mouse), which significantly complicates
selection of secondary antibodies and increases the cost of the
study. Secondly, non-specific background is more pronounced
when goat antibodies are used, while the intensity of reaction
increases only slightly because such antibodies react with
bovine immunoglobulins, too, and reagents containing bovine
serum albumin can contain trace amounts of those [6]. The
results of this immunohistochemical study confirm this.

The Iba-1 protein, which consists of 147 amino acid
residues and has the molecular weight of 17 kDa [21], is always
present both in the body and in the processes of microglial cells.
This is why it is widely used in tests designed to evaluate the
morphofunctional status of microglia. Interacting with fimbrin,
lba-1 supports crosslinking of actin filaments and regulation
of the configuration of plasma membrane [22], so the its level
increases with microglial activation [23]. However, this property
of Iba-1 also means it is found in other phagocytic cells of the
body. Indeed, as shown in numerous papers, antibodies to Iba-
1 are often used to identify monocyte-macrophage cells. Thus,
resident macrophages of various organs of laboratory animals
and humans are immunopositive to Iba-1, including Kupffer cells
[18, 24], alveolar macrophages of the lungs and macrophages
of the spleen [25, 26], and Langerhans cells [6, 16]. Therefore,
this study was expected to yield data pointing ti the presence of
Iba-1 in interstitial testicular macrophages and leptomeningial
brain cells. In the context of an immunohistochemical reaction
involving various antibodies to Iba-1, a much more interesting
result has to do with the cells of the germinal epithelium of
seminiferous tubules. With goat polyclonal antibodies, the
reaction yielded stained products in cells that morphologically
are similar to spermatids. Antibodies of the JIM36-62 clone did
not bind antigens in the germinal epithelium.

Several papers state presence of the Iba-1 protein in
spermatids found in the seminiferous tubules [7, 16, 27-29].
However, the results of our study were not consistent therewith
for this group of cells with different primary antibodies, which
may have been conditioned by properties thereof in the context
of detection of epitopes of different specificity, or properties of
secondary reagents. Therefore, in order to exclude a false
positive reaction from the testicular spermatids, we set up
an additional control experiment using Cell & Tissue Staining
Kit, identical secondary imaging systems for goat and rabbit
antibodies based on avidin-biotin technology, which ensures
blocking of endogenous biotin. The results of this reaction
were consistent with those registered for the experiments
with UltraVision Quanto Detection System HRP (rabbit)
and the VECTASTAIN Universal Quick HRP kit (goat). This
further emphasizes that the reaction from spermatids is not a
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Fig. 1. Iba-1 in rat cells, identified with polyclonal goat (A, C, E), monoclonal rabbit (B, D, E) antibodies. A-D. Brain preparations (arrows indicate microglia). E-F.
Convoluted seminiferous tubules. Arrows point to Iba-1-containing cells in the interstitium, double arrows indicate such in the germinal epithelium, asterisk — in the

tubule's lumen. Scale: 50 microns (A, B, E, F), 20 microns (C, D)

consequence of non-specific binding of secondary reagents
(namely, streptavidin).

This result of the immunohistochemical reaction may come
from the differences in antigenic determinants: Iba-1 epitopes
in spermatids could have been more like the parotopes of
polyclonal, but not monoclonal antibodies. Thus, according
to the information provided on the manufacturer's website,
a synthetic peptide with the TGPPAKKAISELP sequence
localized at the Iba-1 protein's C-terminus was used as an
antigen for polyclonal goat antibodies. There is also a note
there stating that ab5076 antibodies are capable of detecting at
least two isoforms of Iba-1/AIF1. In contrast, the immunogenic
peptide for monoclonal rabbit antibodies had the sequence of

SQTRDLQGGKAFGL, which corresponds to the N-terminus. A
comparison of the sequences of different isoforms of human
Iba-1/AIF1 has shown that the sequence of the immunogen
for rabbit antibodies corresponds to the protein isoform with a
sequence of 147 amino acids, which is accepted as canonical
[6]. According to the comparison of the amino acid sequence
of protein fragments corresponding to the immunogenic
peptide, goat polyclonal antibodies should enable detection
of both the canonical isoform and the protein's shorter forms.
Thus, our data indirectly indicate that alternative splicing of
iba1 matrix RNAs can exclude from the final transcript the
N-terminus detected by monoclonal antibodies of the JM36-62
clone but leave the C-terminus of present isoforms detected
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by polyclonal antibodies produced by Abcam. A review of
the initial publications that give characteristics of the Iba-1
protein has shown that the authors studied the expression of
the gene in various organs [13-16]. Thus, they demonstrated
high expression of iba7 in the testes and spleen, and weak
expression in the lungs, kidneys and brain (due to the specific
expression of the gene exclusively in macrophages and/or
microglia). A large number of other studies covering expression
of ibal in various tissues [16-18, 24, 25] also suggests that
it is not limited to microglia, monocytes, and macrophages.
Therefore, it is possible that goat polyclonal antibodies actually
detect the lba-1 protein, in particular, its isoform that is not
present in the monocyte-macrophage cells.
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isoforms of Iba-1.
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