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In this issue, we highlight the results and significance of 
manuscripts involving the development of a novel correla-
tive light and electron microscopy (CLEM) protocol for the 
high-resolution detection and localization of nuclear actin, 
the immunohistochemical analysis of skeletal muscle fiber 
subtypes and capillary density following nerve injury, the 
immunohistochemical localization and terminal carbohy-
drate characterization of the olfactory mucins Muc5ac and 
Muc5b, and finally the lack of correlation between the trace 
amine-associated receptor 1 (TAAR1) and breast cancer 
subtype.

Novel CLEM protocol for high‑resolution 
localization of nuclear actin

Correlative light and electron microscopy (CLEM) is a pow-
erful method for translating diffraction-limited fluorescence 
microscopy localization to the superior resolution of elec-
tron microscopy in the same biological sample (Giepmans 
2008; Rizzo et al. 2014; de Boer et al. 2015). Abdellatif 
et al. (2019) developed a novel detailed and sophisticated 
CLEM protocol to investigate nuclear actin (Bajusz et al. 
2018). To specifically label actin molecules, they trans-
fected mouse fibroblasts grown on carbon-coated sapphire 
discs with a nuclear Actin-chromobody–GFP conjugate 
(nAC–GFP) which specifically identifies both monomeric 
G-actin and polymerized F-actin in the nucleus at levels far 
below the overexpression models normally utilized (Melak 
et al. 2017). Cells were physically fixed via high-pressure 
freezing, cryosubstituted and embedded in LR-gold low-
temperature resin, and ultrathin sections prepared. CLEM 

images were acquired with a fluorescence microscope fol-
lowed by ROI analysis by a dark-field detector to identify 
the 6-nm colloidal gold particles, and were then subjected 
to registration and quantitative image analysis. The results 
demonstrated: (1) precise high-resolution localization of 
the actin-chromobody in the cell nucleus, with only sparse 
labeling seen in the cytoplasm; (2) although gold particles 
were detected throughout the nucleoplasm, they were largely 
absent from the heterochromatin-rich regions stained with 
DAPI, suggesting a preferential distribution in the tran-
scriptionally active euchromatin; (3) linear arrays of gold 
particles indicative of F-actin filaments were not observed, 
which may be the result of technical issues inherent in 
this experimental system; and (4) cells subjected to stress 
(DMSO treatment or uv irradiation) displayed an altered 
ratio of nuclear-to-cytoplasmic actin, whereby more signal 
was detected in the cytoplasm than in control non-stressed 
cells. The authors propose future studies to modify the 
multi-step labeling protocol by fusing the chromobody with 
an enzymatic tag, resulting in a much simplified single-step 
reaction procedure.

Muscle fiber subtypes and capillary density 
after nerve injury in rat

Skeletal muscle fibers are known to respond to injury in mul-
tiple ways, highlighting their inherent plasticity (Wu et al. 
2014). Morphologically, these muscle fibers can be classi-
fied according to the type of myosin heavy chain (MyHC) 
protein they express. In rat skeletal muscles, four different 
MyHC isoforms can be differentiated: MyHC beta/slow 
(MyHC type-1), MyHC type-2a, MyHC type-2x, and MyHC 
type-2b (Schiaffino and Reggiani 1994). Altered physiologi-
cal demands or insults can result in phenotypic alteration of 
the individual muscle fibers, as well as changes in capillary 
density surrounding the fibers. In a previous publication, 
Cebasek and Ribaric (2016) investigated the response of rat 
extensor digitorum longus (EDL) muscle fiber-associated 
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capillaries to two different sciatic nerve injuries. However, 
since these capillary-associated changes were not analyzed 
with respect to individual MyHC muscle fiber subtypes, 
these same authors have now performed an extensive immu-
nohistochemical/histochemical investigation of muscle fiber 
type and capillary response to nerve injury in rat muscle 
(Cebasek and Ribaric 2019). Two different types of injury 
were created: (1) a permanent injury by severing the sciatic 
nerve (NC), and (2) a transient injury by a double crush 
procedure (NCR). Four weeks after injury, the EDL muscles 
were processed for multi-label immunohistochemistry to 
identify individual muscle fiber MyHC subtypes (see cover 
image), and relate them to capillary response by quantitative 
image analysis. Briefly, amongst the large amount of quan-
titative data produced, the authors found (1) the NC proce-
dure resulted in capillary rarefaction, whereas the NCR led 
to capillary proliferation; (2) in the NC group, the subtype 
MyHC-2x fibers were most sensitive to capillary rarefaction; 
and (3) in the NCR group, the greatest degree of capillary 
proliferation involved the type-2a fibers (oxidative fiber 
type), while the highest improvement in capillary supply 
occurred around the type-2b fibers (glycolytic type fibers). 
The authors speculate that a relationship exists between fiber 
size and capillary density following nerve injury, allowing 
the muscle cells to alter their metabolic response between 
oxidative and glycolytic states.

Differential terminal glycosylation 
and expression of Muc5 in nasal epithelium

The epithelial lining of hollow internal organs such as the res-
piratory tract is covered by a mucus layer containing highly 
glycosylated mucins. It not only functions as a protective bar-
rier and for the mechanical removal of inhaled particles by its 
viscoelastic and gel-like properties, but also fulfills a broad 
range of biological functions achieved by the oligosaccharide 
side chains (glycans) of the mucins (Bhide and Colley 2017; 
Corfield 2017; Gabius and Roth 2017). Goblet cells and sub-
mucosal glands synthesize and secrete mucins in the airways 
(Andrianifahanana et al. 2006), whereby Muc5ac originates 
mainly from the former and Muc5b from the latter (Buisine 
et al. 1999). Here, Amini et al. (2019) have investigated the 
distribution of these two major airway mucins in the nasal 
epithelium of wild type, floxed Muc5b–GFP reporter mice, 
and Muc5b-deficient mice. Of note, the nasal epithelium con-
sists of a respiratory and an olfactory epithelium and as the 
authors state the specific localization of Muc5ac and Muc5b is 
not clear. By analyzing transversal sections from the proximal 
to the distal region by immunohistochemistry, they observed 
that goblet cells in the respiratory epithelium were reactive 
for Muc5ac. In contrast, in the olfactory epithelium, the sub-
mucosal Bowman’s gland produced Muc5b, but not Muc5ac. 

In the Muc5b-deficient mice, Bowman’s gland was missing. 
Using lectin histochemistry (Manning et al. 2017) in com-
bination with immunohistochemistry, in situ evidence was 
obtained that Muc5ac of the respiratory epithelium goblet cells 
is mainly fucosylated, whereas Muc5b of the olfactory region 
Bowman’s glands is mainly sialylated. It is concluded that the 
region-specific distribution and differential terminal glycosyla-
tion of the two mucins may indicate different functions.

TAAR1 is related to breast carcinoma cell 
lines but not breast cancer subtypes

Trace amine-associated receptors (TAARs) belong to the fam-
ily of G protein-coupled receptors (GPCRs) and are mainly 
expressed in the central nervous system, but also detectable 
in various other tissues and leukocytes (Berry et al. 2017; 
Regard et al. 2008). Recent data indicated a positive correla-
tion between TAAR1 expression in human breast carcinoma, 
and both patient survival and HER2 overexpression (Vattai 
et al. 2017), which indicated that TAAR1 might be an inde-
pendent survival predictor. Extending upon this finding, Pitts 
et al. (2019) have now performed an in-depth bioinformatics 
analysis of TAAR1 mRNA expression profiles to provide an 
independent verification of these findings. They report that 
mRNA expression levels in 20 breast carcinoma cell lines, 6 
samples of normal breast tissue, and 31 breast carcinoma sam-
ples representing different carcinoma subtypes available within 
the Gene Expression Omnibus database did not show a cor-
relation with breast carcinoma cell subtype, including HER2 
positivity. Using a validated, highly specific monoclonal anti-
body against TAAR1 (Raab et al. 2016) for immunofluores-
cence and semi-quantitative flow cytometry analysis of vari-
ous breast carcinoma cell lines (MCF-7,T47D, MDA-MB-231, 
SKBR3, MDA-MB-468, BT-474), the lack of correlation 
could be confirmed by the relative intensity of the immu-
nofluorescence signal for TAAR1 protein expression which 
paralleled the mRNA levels. Although TAAR1 was detected 
intracellularly by immunofluorescence in all investigated 
breast carcinoma cell lines, in some (MCF-7, MDA-MB-468, 
and SKBR3), it was found to be located in the nucleus. The 
apparent difference between the results obtained by Pitts et al. 
(2019) and those previously reported by Vattai et al. (2017) 
seems to be due to lack of specificity of the commercially 
available rabbit anti-TAAR1 antibody, as shown in controls 
using a rabbit isotype control IgG and by shRNA knockdown.

References

Abdellatif MEA, Hipp L, Plessner M, Walther P, Knöll B (2019) Indi-
rect visualization of endogenous actin by correlative light and 
electron microscopy (CLEM) using an actin-directed chromobody. 
Histochem Cell Biol. https​://doi.org/10.1007/s0041​8-019-01795​-3

https://doi.org/10.1007/s00418-019-01795-3


87Histochemistry and Cell Biology (2019) 152:85–87	

1 3

Amini S-E, Gouyer V, Portal C et al (2019) Muc5b is mainly expressed 
and sialylated in the nasal olfactory epithelium whereas Muc5ac 
is exclusively expressed and fucosylated in the nasal respiratory 
epithelium. Histochem Cell Biol. https​://doi.org/10.1007/s0041​
8-019-01785​-5

Andrianifahanana M, Moniaux N, Batra SK (2006) Regulation of 
mucin expression: mechanistic aspects and implications for cancer 
and inflammatory diseases. Biochim Biophys Acta 1765:189–222. 
https​://doi.org/10.1016/j.bbcan​.2006.01.002

Bajusz C, Borkúti P, Kristó I et al (2018) Nuclear actin: ancient clue to 
evolution in eukaryotes? Histochem Cell Biol 150:235–244. https​
://doi.org/10.1007/s0041​8-018-1693-6

Berry MD, Gainetdinov RR, Hoener MC, Shahid M (2017) Pharma-
cology of human trace amine-associated receptors: therapeutic 
opportunities and challenges. Pharmacol Ther 180:161–180. https​
://doi.org/10.1016/j.pharm​thera​.2017.07.002

Bhide GP, Colley KJ (2017) Sialylation of N-glycans: mechanism, 
cellular compartmentalization and function. Histochem Cell Biol 
147:149–174. https​://doi.org/10.1007/s0041​8-016-1520-x

Buisine M-P, Devisme L, Copin MC, Durand-Reville M, Gosselin B, 
Aubert JP, Porchet N (1999) Developmental mucin gene expres-
sion in the human respiratory tract. Am J Respir Cell Mol Biol 
20:209–218. https​://doi.org/10.1165/ajrcm​b.20.2.3259

Cebasek V, Ribaric S (2016) Changes in the capillarity of the rat exten-
sor digitorum longus muscle 4 weeks after nerve injury studied 
by 2D measurement methods. Cell Tissues Organs 201:211–219. 
https​://doi.org/10.1159/00044​4140

Cebasek V, Ribaric S (2019) Changes in local capillarity of pure and 
hybrid MyHC muscle fiber types after nerve injury in rat extensor 
digitorum longus muscle (EDL). Histochem Cell Biol. https​://doi.
org/10.1007/s0041​8-019-01787​-3

Corfield A (2017) Eukaryotic protein glycosylation: a primer for his-
tochemists and cell biologists. Histochem Cell Biol 147:119–147. 
https​://doi.org/10.1007/s0041​8-016-1526-4

De Boer P, Hoogenboom JP, Giepmans BN (2015) Correlated light 
and electron microscopy: ultrastructure lights up! Nat Methods 
12:503–513. https​://doi.org/10.1038/NMETH​.3400

Gabius HJ, Roth J (2017) An introduction to the sugar code. Histo-
chem Cell Biol 147:111–117. https​://doi.org/10.1007/s0041​
8-016-1521-9

Giepmans BNG (2008) Bridging fluorescence microscopy and elec-
tron microscopy. Histochem Cell Biol 130:211–217. https​://doi.
org/10.1007/s0041​8-008-0460-5

Manning JC, Romero A, Habermann F, García Caballero G, Kaltner 
H, Gabius H-J (2017) Lectins: a primer for histochemists and 
cell biologists. Histochem Cell Biol 147:199–222. https​://doi.
org/10.1007/s0041​8-016-1524-6

Melak M, Plessner M, Grosse R (2017) Actin visualization at a glance. 
J Cell Sci 130:525–530. https​://doi.org/10.1242/jcs.18906​8

Pitts MS, McShane JN, Hoener MC, Christian SL, Berry MD (2019) 
TAAR1 levels and sub-cellular distribution are cell line but not 
breast cancer subtype specific. Histochem Cell Biol. https​://doi.
org/10.1007/s0041​8-019-01791​-7

Raab S, Wang H, Uhles S et al (2016) Incretin-like effects of small 
molecule trace amine-associated receptor 1 agonists. Mol Metab 
5:47–56. https​://doi.org/10.1016/j.molme​t.2015.09.015

Regard JB, Sato IT, Coughlin SR (2008) Anatomical profiling of G 
protein-coupled receptor expression. Cell 135:561–571. https​://
doi.org/10.1016/j.cell.2008.08.040

Rizzo R, Parashuraman S, Luini A (2014) Correlative video-light-
electron microscopy: development, impact and perspectives. 
Histochem Cell Biol 142:133–138. https​://doi.org/10.1007//s0041​
8-014-1249-3

Schiaffino S, Reggiani C (1994) Myosin isoforms in mammalian skel-
etal muscle. J Appl Physiol 77:493–501

Vattai A, Akyol E, Kuhn C et  al (2017) Increased trace amine-
associated receptor 1 (TAAR1) expression is associated with 
a positive survival rate in patients with breast cancer. J Cancer 
Res Clin Oncol 143:1637–1647. https​://doi.org/10.1007/s0043​
2-017-2420-8

Wu P, Chawla A, Spinner RJ, Yu C, Yaszemski MJ, Windebank AJ, 
Wang H (2014) Key changes in denervated muscles and their 
impact on regeneration and re-innervation. Neural Regen Res 
9:1796–1809. https​://doi.org/10.4103/673-5374.14342​4

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s00418-019-01785-5
https://doi.org/10.1007/s00418-019-01785-5
https://doi.org/10.1016/j.bbcan.2006.01.002
https://doi.org/10.1007/s00418-018-1693-6
https://doi.org/10.1007/s00418-018-1693-6
https://doi.org/10.1016/j.pharmthera.2017.07.002
https://doi.org/10.1016/j.pharmthera.2017.07.002
https://doi.org/10.1007/s00418-016-1520-x
https://doi.org/10.1165/ajrcmb.20.2.3259
https://doi.org/10.1159/000444140
https://doi.org/10.1007/s00418-019-01787-3
https://doi.org/10.1007/s00418-019-01787-3
https://doi.org/10.1007/s00418-016-1526-4
https://doi.org/10.1038/NMETH.3400
https://doi.org/10.1007/s00418-016-1521-9
https://doi.org/10.1007/s00418-016-1521-9
https://doi.org/10.1007/s00418-008-0460-5
https://doi.org/10.1007/s00418-008-0460-5
https://doi.org/10.1007/s00418-016-1524-6
https://doi.org/10.1007/s00418-016-1524-6
https://doi.org/10.1242/jcs.189068
https://doi.org/10.1007/s00418-019-01791-7
https://doi.org/10.1007/s00418-019-01791-7
https://doi.org/10.1016/j.molmet.2015.09.015
https://doi.org/10.1016/j.cell.2008.08.040
https://doi.org/10.1016/j.cell.2008.08.040
https://doi.org/10.1007//s00418-014-1249-3
https://doi.org/10.1007//s00418-014-1249-3
https://doi.org/10.1007/s00432-017-2420-8
https://doi.org/10.1007/s00432-017-2420-8
https://doi.org/10.4103/673-5374.143424

	 In focus in HCB
	Novel CLEM protocol for high-resolution localization of nuclear actin
	Muscle fiber subtypes and capillary density after nerve injury in rat
	Differential terminal glycosylation and expression of Muc5 in nasal epithelium
	TAAR1 is related to breast carcinoma cell lines but not breast cancer subtypes
	References




