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Immunohistochemical analysis of YB-1 expression in the developing 
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Cold shock domain (CSD) proteins, such as YB-1, play a crucial role in the regulation of transcription, mRNA 
stability, and translation. Consequently, YB-1 is implicated in processes such as cell differentiation, oncogene-
sis and oxidative stress response. The development of the eye is a complex process that involves the differen-
tiation of numerous highly specialized cell types. We hypothesized that YB-1 is involved in both eye develop-
ment and stress defense mechanisms. As an initial step, we investigated the expression of YB-1 during the 
embryology of the mouse eye. YB-1 mRNA could be detected by RT-PCR and sequencing the PCR product in 
retinal tissue of adult mice. To elucidate the expression pattern of YB-1 protein during mouse eye development, 
we analyzed its expression in the developing mouse eye at embryonic day 13 (E13), E15, E18 and postnatal 
day 14 (P14) using immunohistochemistry. Expression of the YB-1 protein was detected in all retinal cells, as 
well as in the corneal and lens epithelial cells, throughout all stages of eye development examined. These find-
ings suggest that YB-1 could have a significant role in the eye, potentially related to development and differ-
entiation. 
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Introduction 
The mammalian eye is a highly specialized organ, comprising 

several highly dedicated cells. During the embryogenesis, it origi-
nates from cells of the mesenchyme, ectoderm, and neural crest.1 
Specifically, the retina, iris, ciliary body, and nerves are derived 
from neural epithelial cells,2 while the cornea and lens develop 
from the surface ectoderm.3 The vitreous and sclera are formed 
from mesenchymal cells.4,5 This entire developmental process is 
primarily driven by well-organized sequential events.6 

The vertebrate neuroretina is a multi-layered tissue responsible 
for light perception and initial signal processing.2 Six types of reti-
nal cells contribute to its structure: photoreceptors (classified as 
rod and cone cells), amacrine cells, horizontal cells, bipolar cells, 
and ganglion cells, along with three types of glial cells, namely 
astrocytes, Müller cells, and resident microglia. These cells form a 
highly organized structure with three nuclear layers separated by 
two plexiform layers. The inner nuclear layer (INL) contains the 
nuclei of amacrine, Müller glia, horizontal, and bipolar cells.7 The 
outer nuclear layer (ONL) comprises the nuclei of photoreceptor 
cells. The ganglion cell layer (GCL) consists of displaced amacrine 
and ganglion cells. These three layers are separated by the inner 
(IPL) and outer plexiform (OPL) layers, which contain axons and 
dendrites connecting the neuronal cells of the nuclear layers. The 
entire structure develops from a pool of pluripotent stem cells in a 
chronological order.8,9 Initially, retinal ganglion cells are formed, 
followed by overlapping stages where horizontal cells, cone pho-
toreceptors, amacrine cells, rod photoreceptors, bipolar cells, and 
Müller glia cells differentiate.10 The cornea originates from cells of 
the surface ectoderm.11 This transparent tissue consists of the 

corneal epithelium (CEpi), endothelium (CEndo), and stroma 
(CS). The CS is further embedded between two acellular structures 
called Bowman’s and Descemet’s membranes.12 The lens is also a 
derivative of the surface epithelium. During mouse development, 
around embryonic day 10 (E10), the lens ectoderm invaginates and 
forming lens pit and vesicle.1 The fibroblasts of the CS and the 
CEndo cells both derive from mesenchymal cells originating from 
the neural crest.13 The cornea, lens, and vitreous are transparent 
structures that allow light to reach the retinal tissue. Consequently, 
these tissues are constantly exposed to stress, particularly from 
reactive oxygen species generated by absorbed photons.14 This 
exposure leads to oxidative modifications and glycation. As a 
defense mechanism, the vitreous and lens contain significant 
amounts of ascorbic acid and other antioxidants.15 

The Y-box binding protein 1 (YB-1), also known as the Y-box 
transcription factor, is encoded in mice by the Ybx1 gene and 
belongs to the highly conserved cold shock domain (CSD) protein 
family.16 This domain is essential to DNA and RNA binding. The 
protein plays a role in regulating both transcription and translation, 
it impacts DNA repair, drug resistance, and stress responses. 
Predominantly localized in the cytosol, YB-1 can translocate to the 
nucleus, often contingent upon modifications such as phosphoryla-
tion and acetylation.17,18 Additionally, YB-1 is found extracellular-
ly and contributes to exosome formation.19 While the expression of 
Ybx1 mRNA in the mouse eye has been previously reported,20 to 
our best knowledge, a comprehensive expression analysis in the 
developing eye has not been published. 

Our objective was therefore to investigate the expression pat-
tern of YB-1 in the developing mouse eye. Therefore, we analysed 
its expression in the mouse eye at embryonic stages E13, E15, and 
E18, as well as in postnatal day 14 (P14). 
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Figure 1. YB-1 mRNA is expressed in adult neuroretinal cells. A) RT-PCR analysis showing YB-1 gene products from adult retina; the 
DNA marker (M) sizes as base pairs (bp) are shown on the left; NTC, no template (negative) control. B) Sequencing confirmed the identity 
of the RT-PCR product as mouse YB-1. A sequence alignment of the forward (query1, green) and reverse (query2, yellow) sequence of 
the PCR product with the mouse YB-1 mRNA sequence is shown; overlap between the two sequencing results is shown in blue; primer 
sequences are underlined; the numbers indicate the position of the sequence in the sequencing results and the mouse YB-1 sequence 
(Genebank ID: BC061634.1).
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Materials and Methods 

Animals 
All experiments were performed in accordance with the 

Association for Research in Vision and Ophthalmology (ARVO) 
statement, and the local animal ethics committee. For the investi-
gation of YB-1 during eye development, we used C57BL/6-N mice 
which were inbreeds of the animal facility of the Martin-Luther 
University Halle (Germany). The mice were kept in a 12 h light 
and dark cycle with free access to food and drinking water.21-23 
After overnight mating, the day of vaginal plug formation was 
identified, with noon designated as embryonic day 0.5 (E0.5). The 
day of birth was considered postnatal day 0 (P0). 

Tissue preparation 
Mouse eyes of both sexes aged E13, E15, E18, P0, P7 and P14 

were used as described in our earlier studies.21,22 Briefly, for 
immunohistochemical analysis we washed the eyes with 4% 
formaldehyde fixation buffer (A+E Fischer, Wiesbaden Germany) 
and stored in this fixative until further use. For Western blot and 
RT-PCR, we isolated the retina and cornea of 20 week-old mice. 
For retina isolation, we induced a retinal detachment and peeled 
away the neuroretina from the retinal pigment epithelium (RPE). 
For RNA and protein extraction, retinae and corneae were stored at 
-80°C in lysis buffer (Macherey and Nagel Nucleospin 
RNA/Protein kit, Düren, Germany) until further use. 

RT-PCR and cDNA sequencing 
Briefly, tissue was homogenized in lysis buffer (Macherey and 

Nagel Nucleospin RNA/Protein kit), and RNA and protein was 
prepared according to the manufacturer’s recommendations. RNA 

was quantified by UV spectroscopy, and cDNA was synthesized 
from 500 ng using anchored oligo-dT-primer and Script reverse 
transcriptase, following the manufacturer’s (Jena Bioscience, Jena, 
Germany) manual. PCR was performed using YourTaq Direct-
Load PCR Mix (biotechrabbit, Berlin, Germany) in 30 cycles 
(96°C for 20 s; 60°C for 20 s; 72°C for 1 min, with a final 10 min 
extension at 72°C) using the following primers (Eurofins MWG 
Operon, Ebersberg, Germany): fw1: GGAGAAGTGATG-
GAGGGTGC; rev1: GGTTTAGGGTTCTCTGGGCG; fw2: 
AGAACGAGGGATCGGAAAGC; rev2: TGCCATCCTCTC-
TAGGCTGT. The expected PCR product sizes were 248 bp, 270 
bp, 136 bp, and 382 bp. All expected products span an intron and 
one primer (fw1) an exon/intron boundary. PCR products were 
separated by agarose (1.5% in TAE) gel electrophoresis and visu-
alized using GelRed® Prestain Plus 6X DNA loading dye (VWR, 
Dresden, Germany) in a VWR® CHEMI Premium Imager (VWR). 
PCR products from the primer combination rev1/fw3 were purified 
by the PCR-clean up purification kit (Geneon, Ludwigshafen, 
Germany) and sequenced by Eurofins using the PCR primers. 

Western blot analysis 
The immunoblotting experiments were carried out as described 

in our previous studies.22 Briefly, proteins (20 µg) were separated on 
a 13% denaturing polyacrylamide gel and transferred to a nitrocellu-
lose blotting membrane (0.45 µM, Whatman) using a Bio-Rad SD 
blotting system, as previously described.24 Gels contained 
trichloroethanol (0.5%, Sigma-Aldrich, Taufkirchen, Germany) to 
visualize the protein after UV irradiation for 1 mi in the imaging sys-
tem.25 Membranes were stained with Ponceau S to confirm effective 
transfer. Blots were blocked with BSA (2%) in TBS containing 0.2% 
NP-40 for 1 h at room temperature. Primary antibody was applied 
overnight at 4°C in the same buffer (dilution: 1:10,000). Detection 
was performed as previously described24 in the imaging system. 

Figure 2. Western blot and controls for antibody validation. A) Two independent protein extracts from adult mouse retina and cornea were 
subjected to Western blot analysis; the result of the α-YB-1 immune-staining is shown on the left, a Ponceau-S stain of the membrane as 
well as Protein marker masses (kDa) on the right; a 50 kDa protein, YB-1, is present in retina and cornea. B,C) Negative controls were 
performed by omitting the primary antibody on ocular tissues from stage E18 and P30. D) A positive control staining was done on adult 
mouse kidney tissues, showing the expected weak staining of the tubular epithelium (TE). 
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Immunohistochemical analysis 
The immunohistochemical experiments were performed as 

descried before.21,22 After removing the formaldehyde (4% in PBS) 
under running tap water, the samples were dehydrated in graded 
isopropanol/water for one hour each (30%, 50%, 60%, 70% and 2x 
100% isopropanol). Then, the samples were cleared in preheated 
paraffin/isopropanol (1:1) overnight at 65°C and were finally infil-
trated with three changes of paraffin for 90-min intervals at 65°C, 
followed by embedding in paraffin. Sections were cut to 2-4 μm and 
mounted on frosted glass slides. After deparaffinization by xylene 
(2 times 10 min), sections were rehydrated in a graded series of 
ethanol (5 min each: Abs., 96%, 70%, 50%, H2O). Heat-induced 
epitope recovery was carried out in citrate buffer (pH 6, 1.8 mM cit-
ric acid, 8.2 mM sodium citrate). Endogenous peroxidase activity 

was blocked in 3% hydrogen peroxide in PBS for 20 min. Then, 
unspecific antibody binding was blocked for 30 min in TBST (pH 
7.4, 10 mM Tris, 136 mM NaCl, 0.05% Tween 20) supplemented 
with 5% non-immune serum (Vectastain ABC elite kit; Vector lab-
oratories). Primary rabbit monoclonal antibody (Abcam 76149) 
diluted 1:400 in antibody dilution reagent (Ventana, Mannheim, 
Germany), was given to the slides at 4°C overnight. After three 
washes at RT in TBS containing Tween 20 (0.05%, TBST) staining 
was performed using a secondary, HRP conjugated antibody 
(Dianova, Hamburg, Germany) diluted in TBST (1/100), and a 
DAB detection system (Vector Laboratories, via Biozol, Eching, 
Germany). Nuclei were counterstained using Mayer’s hemalaun 
solution (Roth, Germany). Then, slides were mounted and scanned 
using a Hamamatsu Nanozoomer scanner (Hamamatsu-Photonics, 
Japan) using a 20x lens. Negative controls were performed by omit-

Figure 3. YB-1 protein expression in the embryonic and postnatal neuroretina detected by immunohistochemistry. Hematoxylin & Eosin 
staining (HE) and immunostaining YB-1 is shown. Detection of the YB-1 protein in both the neuroblastic layer (NBL) and the ganglion 
cell layer (GCL) of the embryonic retina (A,B, E12; C,D, E18), and post-natal stages (E, P0; F, P7) is shown. At P14 (G,H) expression 
of YB-1 is retained in all cells of the differentiated inner nuclear layer (INL) and outer nuclear layer (ONL) where photoreceptors are locat-
ed. IPL, inner plexiform layer; OPL, outer plexiform layer; RPE, retinal pigment epithelium.
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ting the primary antibody. Mouse kidneys (age 68 weeks) were 
stained using the same conditions as positive controls. QuPath (ver. 
0.4.3)26 was used to obtain semiquantitative data for the DAB stain-
ing intensity. Positive cell detection was done with a requested pixel 
size of 0.5 µm and a threshold of 0.05 for hematoxylin with a max-
imum background intensity of 2. Average DAB value per cell was 
then determined for two selected areas per eye, such as retina, lens 
epithelium, cornea and positive and negative kidney tissue. 
Negative controls using no primary antibody resulted in average 
DAB signal values of 0.063. This value was subtracted form the 
signal obtained with primary antibody. Tissues reaching signal val-
ues higher than the 95% confidence interval of the negative controls 
after subtraction of the averaged background signal (>0.02) were 
considered as immunopositive.  

Results 

Ybx1 mRNA is transcribed in the mouse retina 
To evaluate the expression of Yb-1 mRNA in the mouse retina, 

total RNA was isolated from retinae of adult mice (20 weeks) and 
transcribed into cDNA using reverse transcriptase. To detect Yb-1 
mRNA, the cDNA was amplified by PCR using 4 specific primers for 
the murine Yb-1 sequence. The amplified cDNA was separated elec-
trophoretically in an agarose gel and stained with GelRed (Figure 1). 
To validate the RT-PCR results further, the largest amplification prod-
uct was excised from the gel and purified for DNA sequencing. The 
obtained nucleotide sequence was verified using the Internet-based 

Figure 4. YB-1 protein expression in the lens and cornea detected by immunohistochemistry. Hematoxylin & Eosin staining is always 
shown to the left and the α-YB-1 immunostaining of the same developmental stage on the right. At E12 (upper panel), the expression of 
YB-1 is abundantly detectable in corneal presumptive corneal epithelial, stromal and endothelial cells as well as in lens epithelium. This 
expression pattern of YB-1 is maintained in the developing corneal and lens cells (lower panel) of P14. CEpi, corneal epithelium; CStroma, 
corneal stroma; CEndo, corneal endothelium; LensEpi, lens epithelium.
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software BLAST (Basic Local Alignment Search Tool) of the 
National Center for Biotechnology Information (NCBI).27 The 
sequence of the cDNA in the gel was found to correspondent to the 
published sequence of Yb-1 cDNA (Figure 1). Collectively, the data 
from the RT-PCR and subsequent sequence analysis demonstrated 
that Yb-1 mRNA is transcribed in the mouse retina. 

Yb-1 protein is expressed in the neuroretina 
To detect YB-1 protein in the mouse retina, we performed 

immunoblotting on protein extracts from mouse neuroretina and 
cornea. Using the anti-YB-1 antibody, we detected a single signal 
at about 50 kDa in protein extracts from the retina and also the 
cornea (Figure 2). Although the calculated mass is about 36 kDa, 
this size was observed in other studies before28 and attributed to 
posttranslational modifications. Thus, the YB-1 protein is 
expressed in the mouse retinal neuroepithelium and also the 
cornea. Notably, the Westen blot signal for corneal protein was 
much lower than observed in retinal tissue.  

Yb-1 is expressed during mouse retinal development 
We next performed immunohistochemistry to examine the 

temporal and spatial expression of Yb-1 in the retinal neuroepithe-
lium during retinal development. Adult mouse kidney samples 
served as a positive control tissue for Yb-1 expression (Figure 3). 
Yb-1 expression could be detected already from E13 in all cells of 
the differentiating GCL and of the neuroblastic layer (NBL) 
(Figure 4). In addition, Yb-1 expression was detected in all cells of 
the GCL, INL and ONP throughout all stages of retinal develop-
ment (Figure 4) and in juvenile (P14) tissues. Thus, Yb-1 is 
expressed in both differentiated retinal cells and their progenitors 
during mouse retinal development and this is retained in juvenile 
eye tissues (P14). Quantification of the slides showed no signifi-
cant differences in the staining intensity at the developmental 
stages of the retinae analyzed (Figure 5). 

YB-1 is expressed during mouse corneal and lens 
development  

To evaluate the expression of YB-1 in cornea and lens during 
development and in adulthood we extended the immunohisto-
chemial analysis on these tissues from E13 to P14. Figure 4 shows 
that antibody staining against YB-1 detects its expression already 
from E13 in the presumptive CEpi, CS and CEndo as well as in 
lens epithelium (Figure 4). This expression is maintained in the 
CEpi, keratocytes, CEndo cells and lens epithelium of postnatal 
stages (Figure 4). Quantification of the DAB signal (Figure 5) 
demonstrated significantly weaker staining of corneal cells than of 
the lens epithelium (Figure 5). This corresponds to the results of 
the Western blot (Figure 2). No significant differences were seen 
for the developmental stages. 

 
 

Discussion 
YB-1 plays a crucial role in developmental processes such as 

proliferation and differentiation. At the molecular level, YB-1 is 
involved in RNA translation and stability. Under stress conditions, 
YB-1 protein is particularly found in stress granules,29,30 which 
serve as storage compartments for RNA.31,32 YB-1 also interacts 
with proteins involved in protein biosynthesis, such as eukaryotic 
initiation factors.33,34 Regarding developmental processes, YB-1 
regulates neuronal cell renewal and differentiation, for instance, 
through interaction with the polycomb repressive complex 2 in the 
developing mouse brain.35 Consequently, we hypothesized its 
expression in the developing eye, likely exhibiting a distinct spatial 
and temporal pattern, especially in cells of the developing neu-
roretina. However, we observed that the YB-1 protein is expressed 
throughout eye development, starting at E13, and its expression is 
maintained in P14 eyes in the cytoplasm of nearly all ocular cells 

Figure 5. Quantification of DAB-staining intensity. DAB signal intensity of the immunohistochemistry (IHC) of cornea, lens epithelium 
and retinal tissue was quantified. Eyes of 2-3 animals per developmental stage were subjected to IHC and for two randomly selected areas 
each, the average cellular DAB signal was determined using the QuPath software. Average and standard deviation is shown. Signal in 
corneal tissue was statistically different from lens and cornea. However, there was no statistical difference between the developmental 
stages of lens and retina (one-way ANOVA, Games-Howell post-hoc test).
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examined. Our protein expression data align with in-situ hybridiza-
tion data,36 although these RNA data suggested a decreased expres-
sion from P0 to P7, which reappeared in adult eyes. Because pro-
tein- and mRNA stability can significantly differ from each other, 
we propose that the YB-1 protein remains stable in P0 to P7 
although the mRNA seems being degraded. As we did not prepare 
protein and RNA from these stages, we are not able to further ana-
lyze this apparent difference between protein and mRNA abun-
dance. Nevertheless, our data show that the expression of the YB-
1 protein was not limited to neuronal, differentiating, or proliferat-
ing cells. 

A significant limitation of our study is that we only investigat-
ed the presence of the protein regardless posttranslational modifi-
cations. Further studies on the activation state, mediated by phos-
phorylation or acetylation, may provide additional insights into the 
function of this protein in the developing eye. A histological anal-
ysis of the retinal architecture of YB-1 knock-out mice37 could pro-
vide further understanding of the role of YB-1 in the development 
of the murine eye. 

In conclusion, the ubiquitous expression of the YB-1 protein in 
the developing mouse eye supports the notion that this protein 
might be essential for eye development and stress responses. 
Further studies are needed to clarify the role of YB-1 during eye 
development.  
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