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ABSTRACT Objective: To investigate whether CKLF-like MARVEL transmembrane domain-containing
protein 2 ( CMTM2) is involved in spermatogenesis in mice. CMTM2 is highly expressed in testis, and
could possibly be a potential spermagogenesis specific gene. Methods: CMTM2-deficient mouse model
was generated. Northern, RT-PCR and Western blotting analysis were performed on total RNA derived
from wild-type (WT, CMTM2*'*) and CMTM2*'~ (heterozygote ) and CMTM2 ™~ (thomozygote) mice
to examine the CMTM2 level. The number of litters and the number of pups were counted and pregnancy
rates calculated. The motility and morphology of the sperm and the histology of testes were analyzed. Se-
rum testosterone and FSH concentrations were also measured. Standard i-tests were used and standard er-
ror of means were calculated. Results; CMTM2 was highly expressed in a finely regulated pattern in the
mouse testis during spermatogenesis. The body weight of adult mice with CMTM2 deficiency was not sig-
nificantly different from that of wild type mice. No obvious anatomical or behavioral abnormalities were
observed. The testis of CUTM2 =~ was smaller than that of CMTM2 *"* mice. The testis diameter in wild
mice and CMTM2 null mice were (11.32 +£1.21) mm vs. (8.29 £1.92) mm (P <0.05), and the
weights were (101.63 +2.33) mg vs. (85.22 +2.84) mg (P <0.05), respectively. Female CMTM2
null mice were fertile, indicating that CMTM2 was not required for female gametogenesis. The
CMTM2 ="~ mice produced virtually no sperm, and CMTM2*’~ mice sperm count showed a significant
decline. In terms of sperm morphorlogy study, more round spermatids could be observed in the heterozy-
gote group, compared with the wild type group; while in the homozygote group, a large amount of round
spermatids could be observed because of complete arrest of spermiogenesis. The hormone levels were not
significantly different. The CMTM2 =~ male mice were sterile due to a late, complete arrest of spermio-
genesis. The organized architecture of the seminiferous epithelium of the seminiferous tubules seen in
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CMTM2*"* mice was lost in CMTM2 =~ mice. Conclusion: This study suggests CMTM2 is not required
for embryonic development in the mouse but is essential for spermiogenesis, however, further studies are

required for more detailed mechanism study.
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M, marker (100 bp DNA ladder) ; N, negative control; KO, homozy-
gote; HET, heterozygote; WT, wild type.

B 1 5/ RAE IR PCR RGNS,
Figure 1  Genotype of some mice by PCR method

A B WT+/-—/-
+/+ +/- -/-
. . 27000— @ | CMTM2
1 2 3
CMTM2
CAPDH

A, northern blot analysis, the RNA from the mice whose genotype is
shown above each lane was hybridized with a 32 P-labeled probe to detect
the expression of the gene shown below each panel. The CMTM2 gene ex-
pression is abolished in CMTM2 =/~ animals; B, Western blot analysis,
testes of CMTM2*/* | CMTM2*’~ and CMTM2 ™'~ were tested for
CMTM2 protein expression. There was a dramatic reduction in the expres-
sion of CMTM2 in mutant mice. GAPDH was used as the loading control.

B2 CMTM2 3P 5/ BB AR S s R

Figure 2 Analysis of testis gene expression in CMTM2 mutant mice

+/+ +/- —/-
2 mm

TTTTIITY T

The testes of CMTM2 =/~ mice are smaller than those of CMTM2 */* .
B3 CMTM2 HePH 578 /) LS ALTR BRI b

Figure 3  Comparison of the testis volume in CMTM2 mutant mice
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Table 1 The comparison of testis weight, sperm count and motion parameters in different groups

Genotype Age/weeks Testes weight/mg Sperm count /( x 107/mL) Motility/% Morphology
CMTM2*/* 8-12 101.63 £2.33 3.28 +0.34 86.33 +2.98 Normal
CMTM2+/ ~ 8-12 98.87 +2.76 2.07 £0.57 33.45 +3.67" Many round sperms
CMTM2 ™~ 8-12 85.22+2.84" 0" 0" 0"

Values are x +s. Sperm counts and motility percentage was calculated by combining sperm from both cauda epididymides of mice. * P <0.001.
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FHTGIHFE L. S AR TN SRR AR A /INVE Rl LSS R A ARG b B
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Table 2 The mating experiment in different groups

Male mice genotype Female mice Plugged mice Pregnant mice  Offspring (M : F) AOA FCP/% FC/%
CMTM2*"* (n=5) WT (n=49) 38 31 249 (132 : 117) 8.0 77.6 63.3
CMTM2 '~ (n=5) WT (n=51) 34 13 103 (50 : 53) 7.9 66.7 25.5
CMTM2 "~ (n=5) WT (n=50) 36 0* (Ve 0* 72.0 0"

M, male; F, female; WT, wild type. Average offspring amount ( AOA) was calculated as the total number of offspring divided by the number of fe-
males that gave birth to offspring. Frequency of copulatory plug ( FCP) was calculated as the ratio of the number of plugged females to total number of fe-
males to which males with the same genotype had access. Frequency of conception (FC) was calculated as the ratio of the number of females that gave
birth to offspring to total number of females. * P <0.001.

R33 AAEFAVNAER/NE BRSSO T 4 i B

Table 3 The comparison of spermatids in seminiferous tubule in different groups

Genotype SG PSC SSC Spermatids Sperms Sertoli cells
CMTM2** (n=5) 39.11 +£2.98 67.92 +1.03 2.96 +0.73 139.22 +7.81 40.84 +5.92 9.21 £1.29
CMTM2* =~ (n=5) 37.73 £4.55 63.34 +6.01 2.29 +0.74 128.18 +8.17 29.28 +3.44 9.45 +1.78
CMTM2 ="~ (n=5) 14.22 +5.01 " 20.18 +8.82" 0.00 +0.00 " 30.84 +13.89" 0.00+0.00" 9.01 £1.54

Values are x £s. SG, spermatogonia; PSC, primary spermatocytes; SSC, secondary spermatocytes. # P <0.001.

3 i CMTM2 {37 F P 5 D302 7o AR B b, 5y
PR R T2 BB SR, JF 2ad v R R R Sk

BEAEREIE R, CMTM2 2505 7 28, AT9E IR-Bh22 S U ZOR0 IR | oA Jo 190 55 200 Mt i 1) 225 g 1
BT — ARV e CMTM2 JE[H b/ BRBE R s At B4l , CMTM2 2 (1791 b &4 MARVEL
MR . ADFFEHR 2R CMTM2 BEINBRG SHEM /N, SR, & A MARVEL §8 H (41 MAL physins,
AEHEEEVRR gyrins and occluding ZCHAF ) AT AE-5 28 [ 45 U /g
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A, histological staining of testis with hematoxylin and eosin (HE), and nearly complete germ cell loss is apparent in CMTM2 =/~ testis, whereas
CMTM2*"* | CMTM2 */~ testes look normal; B, spermatogonial depletion CMTM2 ="~ mice, CMTM2*’~ mice look normal in comparison with
CMTM2*/* animals, whereas a progressive germ cell loss is also could be observed.

4 CMTM2 BE[H AL/ RSB ALZ SR IR SE fr

Figure 4 Testis histology in CMTM2 mutant mice
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