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Abstract: Connexin-43, a major gap junction protein, and cytokeratin-19, one of the intermediate filament keratins, are known 
to be markers of well-differentiated epithelium. In this study, we investigated the expression of these markers in the head region, 
lungs, and abdominal organs of 10 human mid-term fetuses. The expression of connexin-43 was found to be restricted to the 
dura mater, kidney, and adrenal cortex. In the kidney, we found a clear site-dependent difference in the expression pattern of 
these markers: connexin-43 expression was observed in the tubules of the renal cortex whereas cytokeratin-19 was strongly 
expressed in the collecting ducts and renal pelvis. This difference remained unchanged throughout the fetal stages examined. 
Immunoreactivity was not observed for either of the markers in the intrarenal vessels, including the glomeruli, and mesangial 
cells. Connexin-43 expression seemed to be restricted to the metanephric vesicle-derived structures that differentiate in the 
urogenital ridge of the splanchnic mesoderm. The adrenal cortex also originates from the same para-aortic mesoderm. In 
contrast, in the urogenital organs, cytokeratin-19 seemed to be expressed in ducts derived from the urogenital sinus.
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14], tendons [15, 16], cartilage [17], and hair follicles [18]. 
In the kidney, CX43 is expressed in the vascular wall and 
mesangium, as well as the tubules [12]. It has been shown that 
CX43 is expressed in the tubules of the adult human kidney 
and that its expression is lost as a result of neoplasia; however, 
only a limited number of studies have been performed in this 
regard [19].

Cytokeratins or keratins constitute a group of intermediate 
filament proteins present in cells. Cytokeratin-19 (CK19) is 
commonly used as a marker of most neuroendocrine and 
gastrointestinal tumors [20]. CK19 is also known to be a stem 
cell marker in the liver [21, 22], pancreas [23], and epidermis 
[24]. In contrast, cytokeratin-14 (CK14), although not as well 
known as CK19, is used as a marker of the oral epithelium 
[25-27] and is considered to be a marker of maturation of 
the epithelial lining [26-28]. The CK14 gene is often used 

Introduction

Connexin-43 (CX43) is a well-known major subunit of 
gap junction channels and is expressed in the epidermis, 
brain, pituitary, heart, lungs, muscles, kidneys, gut, adrenal 
cortex, and dura mater in mouse fetuses [1, 2], especially 
the latter two sites. Since the initial descriptions of CX43, 
the distribution of and changes in CX43 expression during 
fetal development, regeneration, and pathological processes 
have been studied in the brain [3, 4], spinal cord [5], retina 
[6], lens [7, 8], cornea [9], heart [10], lung [11], kidney [12-

Corresponding author: 
Shogo Hayashi
Medical Education Center, Aichi Medical University School of Medi-
cine, Nagakute, Aichi 480-1195, Japan 
Tel: +81-561-62-3311, Fax: +81-561-63-1037, E-mail: sho5-884@umin.ac.jp



CK19 and CX 43 in human fetal kidney

http://dx.doi.org/10.5115/acb.2013.46.1.32

Anat Cell Biol 2013;46:32-38 33

www.acbjournal.org

as a promoter in experimental systems employing dermal-
epidermal cells [29, 30]. Recently, our group demonstrated 
that liver stem cell candidates in human adults and fetuses 
were both positive for CK14 and CK19 [31].

Although numerous studies have been performed on 
CX43, CK14, and CK19, none appear to have addressed 
the spatial relationship between these groups of important 
proteins in the epithelial and endothelial linings. Therefore, 
the aim of this study was to investigate the expression of 
CX43, CK14, and CK19 in abdominal viscera, including the 
lungs, in human mid-term fetuses. Head specimens were 
also included as positive controls for CX43 immunoreactivity 
because strong CX43 expression has been reported in the 
dura (see above).

Materials and Methods

This study was performed in accordance with the 
provisions of the Declaration of Helsinki 1995 (as revised 
in Edinburgh 2000). We performed histological analysis of 
paraffin-embedded sections from 10 mid-term fetuses at an 
estimated gestational age of 10−16 weeks (crown-rump length 
[CRL], 50−120 mm). The 10 fetuses included 2 fetuses at 10 
weeks (CRL, 50−58 mm), 3 at 12 weeks (CRL, 71−80 mm), 
and 5 at 15−16 weeks (CRL, 102−120 mm). These specimens 
had been donated to the Department of Anatomy, Chonbuk 
National University, Korea, with the agreement of the families 
concerned, and their use for research had been approved by 
the university ethics committee. In accordance with university 
or hospital regulations, authors other than those affiliated 
with Chonbuk University were not required to submit details 
of this research project to the corresponding committee in 
Japan. All the fetuses had been obtained by induced abortion. 
Subsequently, each of the mothers concerned had been 
personally informed by an obstetrician about the possibility of 
donating the fetus for research; no attempt had been made to 
encourage donation. Because the specimens were numbered 
randomly, it was not possible to trace any of the families 
concerned.

The donated fetuses were fixed with 10% (w/w) neutral 
formalin solution for more than 3 months. After division 
into the head and neck, thorax, abdomen, pelvis, and the 
4 extremities, all the parts were decalcified by incubating 
them at 4oC in 0.5 mol/l ethylenediaminetetraacetic acid 
solution (pH 7.5, decalcifying solution B; Wako, Tokyo, 
Japan) for 1−3 days depending on the size of the material. 

Routine procedures for histological analysis (yielding 
sections that were 5 μm thick) of paraffin-embedded 
sections were conducted. All specimens of the head and 
the abdomen, including the lower part of the lung, were 
processed into sagittal sections cut at 10 to 100 μm intervals 
depending on the specimen size. Most sections were stained 
with hematoxylin and eosin, while some were used for 
immunohistochemistry (see below).

The primary antibodies used for immunohistochemistry 
were 1) rabbit polyclonal anti-human CX43 (1:100, #3512S, 
Cell Signaling Technology, Beverly, MA, USA), 2) mouse 
monoclonal anti-human CK14 (1:50, #LL002, Novo, 
Newcastle upon Tyne, UK), and 3) mouse monoclonal anti-
human CK19 (1:100, #sc-6278, Santa Cruz Biotechnology, 
Santa Cruz, CA, USA). The secondary antibody (subjected 
to incubation for 30 minutes; Histofine Simple Stain Max-
PO, Nichirei, Tokyo, Japan) was labeled with horseradish 
peroxidase (HRP), and antigen-antibody reactions were 
detected by the HRP-catalyzed reaction with diamino-
benzidine (incubation for 3−5 minutes; Histofine Simple 
Stain DAB, Nichirei). All samples were counterstained with 
hematoxylin. Negative controls consisted of samples without 
the primary antibody.

Results

CK19 was expressed in the epithelial linings of 1) the 
bronchi of the lung, 2) the esophagus, 3) the gallbladder and 
thick bile ducts, 4) the ureter, renal pelvis, and collecting ducts 
of the kidney, and 5) the colon and appendix (Fig. 1). The 
highest level of immunoreactivity was seen in the kidney and 
ureter, as well as in the squamous epithelium of the esophagus. 
Negative results were obtained for CK14 immunoreactivity in 
the abdomen, except for the skin. However, in the head, both 
CK14 and CK19 were strongly expressed in the epithelial 
linings of the oral cavity, upper pharynx, external ear, and 
conjunctiva (data not shown). CK19 was also expressed in the 
lining of the developing cochlear duct of the ear.

Weak positive results were obtained for CX43 immuno-
reactivity in the colon and kidney and strongly positive 
immunoreactivity was noted in the adrenal cortex (Fig. 1). In 
the head, CX43 was expressed in the dura mater, especially 
along the skull base (data not shown). The expression of 
CK19 in the kidney was restricted to the collecting ducts, 
whereas CX43 immunoreactivity was absent in the ducts. 
Conversely, CX43 was apparently expressed in the distal and 
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proximal tubule systems (Figs. 2, 3). The immunoreactivity of 
CX43 was restricted to specific parts of the tubules at 10−11 
weeks (Fig. 3A, C), but it extended to almost all tubules in 
the medulla by 15−16 weeks (Fig. 2A, C). All the vessels, 
including the renal arterioles and glomeruli, and mesangial 
cells yielded negative results for CX43. These patterns of 
immunoreactivity did not differ among the developmental 
stages examined: CX43 expression did not extend to the 
collecting duct in the larger specimens (Fig. 2).

Discussion

We considered CX43 and CK19 as representative epithelial 
markers although their cytological roles seemed to be quite 
different (see Introduction). CX43 was not expressed in the 
renal arterioles even though it is known to be one of the 
vascular connexins that is present in the kidney, possibly 
because of the relatively poor state of preservation of the 
human fetuses before fixation in this study [12, 32, 33]. Guo 
et al. [34] described details of the distribution of CX43 in the 

Fig. 1. Immunohistochemical analysis of 
cytokeratin and connexin in the human 
fetal lung and abdominal organs: a fetus 
at 12 weeks. (A, D, G, J) Expression of 
cytokeratin-19 (CK19); (B, E, H, K) 
expression of cytokeratin-14 (CK14); (C, 
F, I, L) expression of connexin-43 (CX43). 
CK19 immunopositivity is seen in the 
lung (A), kidney (D), colon (G), and 
gallbladder (J), whereas these tissues lack 
CK14 immunoreactivity. The kidney and 
adrenal cortex (F) show positive results for 
CX43. Scale bar in (C)=0.5 mm (A−L). 
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adult rat kidney: the inner medullary collecting ducts showed 
the highest level of expression, followed by the cortical 
collecting ducts; this was in contrast to the significantly lower 
expression that was observed in the proximal convoluted 
tubules, proximal straight tubules, medullary thick ascending 
limb, and distal convoluted tubules. Stoessel et al. [35] also 
detected CX43 in parts of the tubular epithelial gap junctions 
and/or hemichannels in rats. In the human fetuses used in the 
current study, identification of each part of the tubule system 

was difficult, but the CX43 immunoreactivity appeared to be 
restricted to the tubules and did not extend to the collecting 
ducts. Therefore, it was suggested that CX43 expression 
was restricted to the metanephric vesicle-derived structures 
that differentiate in the urogenital ridge of the splanchnic 
mesoderm [36, 37]. The adrenal cortex also originates from 
the same para-aortic part of the splanchnic mesoderm [36, 
37]; in fact, in the current study, the adrenal cortex was the 
only organ that was strongly positive for CX43.

Fig. 2. Immunohistochemical results for 
cytokeratin and connexin in the human 
fetal kidney: 2 fetuses at 16 weeks. Panels 
(A) and (B) and panels (C) and (D) display 
adjacent sections of the same specimen. 
Connexin-43 (CX43) immunopositivity is 
seen in the renal tubules of the cortex (A, C), 
whereas strong immunoreactivity is seen 
for cytokeratin-19 (CK19) in the collecting 
ducts and renal pelvis (B, D). Scale bar in 
(A)=0.5 mm (A−D).
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Despite the fact that CK14 has been widely used as an 
epithelial marker in studies on the maxillofacial region (see 
Introduction), it did not appear to be expressed in other parts 
of the gastrointestinal tract in the human fetuses used in the 
current study. Likewise, CK19 immunoreactivity was strong 
in the squamous epithelium such as that of the esophagus, 
but it was weak in columnar epithelium such as that of the 
colon. Despite being similar to CX43, in this study, CK19 was 
not expressed in the renal glomeruli, although Oosterwijk et 
al. [38] had previously reported CK19 reactivity in parietal 
glomerular cells of the human fetal kidneys at 11−20 weeks 
of gestation. This was possibly due to the relatively poor 
state of the preserved specimens. In the current study, 
strong positive results were obtained for CK19 in the ureter, 

renal pelvis, and collecting ducts. Thus, its expression was 
restricted to the urinary tract derived from the ureteric bud 
of the urogenital sinus [36, 37]. This finding was in clear 
contrast to the expression of CX43 in the urinary organs. 
In fact, the Műllerian duct does not express CK14 [39]. 
Therefore, unlike CX43-positive tissues (see the paragraph 
above), the urogenital ridge derivatives may be negative for 
CK. Oosterwijk et al. [38] reported CK19 expression in the 
human fetal distal tubule and Henle’s loop at 11−20 weeks 
of gestation. These portions are also likely to originate from 
the ureteric bud. In that paper, the authors included images 
of a CK19-positive S-shaped body primitive morphological 
feature of the tubule system. However, we believe that the 
structure had already differentiated into the mature tubules 

Fig. 3. Immunohistochemical analysis for 
cytokeratin and connexin in the human 
fetal kidney: a fetus at 11 weeks. Panels 
(A) and (B) and panels (C) and (D) show 
adjacent sections. Connexin-43 (CX43) 
immunopositivity is seen in some of the 
renal tubules of the cortex (arrows in A 
and C), whereas cytokeratin-19 (CK19) 
shows strong immunoreactivity in the 
collecting ducts and renal pelvis (B, D). 
Scale bar in (A)=0.2 mm (A−D).
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and disappeared at 11 weeks.
Consequently, the special relationship that we observed 

between the expression of CX43 and that of CK19 appeared 
to reflect the ontogenic origins of the tissues rather than 
the functional differentiation of the tubule and duct. The 
segment-specific expression patterns of the tight junction 
proteins, claudins, have been well described in the kidney 
tubule and duct [40]. Therefore, the CK19-positive collecting 
duct is likely to contain a connexin other than CX43, whereas 
the CX43-positive tubule is likely to be reinforced by a 
cytokeratin other than CK19 and CK14. CK19 is known to be 
expressed strongly in some renal neoplasms such as papillary 
renal cell carcinoma and mucinous tubular and spindle cell 
carcinoma [41, 42]. These carcinomas may originate from the 
collecting ducts or renal pelvis.
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