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Background: CD99 is involved in the intracellular transport of human leukocyte antigen 

class II (HLA-II) protein. The aim of this study was to clarify the clinical value of CD99 and 

HLA-II expression in primary osteosarcoma.

Methods: One hundred and thirty pairs of osteosarcoma and matched noncancerous bone tissues 

were evaluated by immunohistochemistry for CD99 and HLA-II expression.

Results: Compared with the noncancerous bone tissues, the expression levels of CD99 (tumor 

versus normal: 2.96±0.09 versus 5.89±1.26, P,0.001) and HLA-II (tumor versus normal: 

5.01±1.39 versus 1.92±0.06, P,0.001) proteins were respectively downregulated and upregu-

lated in osteosarcoma tissues. CD99 and HLA-II were highly expressed in 49/130 (37.69%) and 

107/130 (82.31%) of osteosarcoma tissues, respectively. In addition, the osteosarcoma patients 

with downregulation of CD99 and upregulation of HLA-II more frequently showed the presence 

of metastasis and recurrence and poor response to chemotherapy. Moreover, there was a negative 

correlation between CD99 and HLA-II expression in osteosarcoma tissues (r=−0.69, P=0.01). 

The patients with low CD99 expression correlated with poor prognosis of osteosarcoma, as 

opposed to HLA-II. Patients with CD99-low/HLA-II-high expression had the lowest overall 

and disease-free survival rates, and conjoined expression of CD99/HLA-II was an independent 

prognostic indicator of osteosarcoma.

Conclusion: These findings suggest for the first time that CD99 downregulation or HLA-II 

upregulation may be an important feature of human osteosarcoma. The combined detec-

tion of CD99/HLA-II coexpression may present a predictive and prognostic indicator in 

osteosarcoma.
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Introduction
Osteosarcoma, as one of the most common primary malignant bone tumors in 

adolescents and young adults, is characterized by highly malignant and invasive 

growth.1 It exhibits a peak in manifestation during the second and third decades. 

Although the traditional treatment strategies, including wide tumor resection, neo-

adjuvant chemotherapy, and amputation, improve the clinical outcome of patients 

with osteosarcomas, pulmonary metastasis occurs in approximately 40% of patients 

and remains the major cause of mortality.2 The 5-year survival rates are still less 

than 20%.3 In recent years, several clinicopathological features have been used 

as prognostic factors, albeit with discrepancies. Historically, the presence or absence 
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of metastatic disease at diagnosis has been the most impor-

tant prognostic factor. The response to chemotherapy is 

also an important and generally accepted prognostic factor; 

however, it is only possible after preoperative therapy and 

confined to different postoperative therapeutic regimens.4 

Initial tumor size together with the response to chemo-

therapy also constitute the basis for risk-adapted postop-

erative chemotherapy, but drug resistance still remains 

a major problem.5 Given the lack of reliable prognostic 

factors for patients with osteosarcomas, the identification 

of novel and efficient diagnostic and prognostic markers is 

especially important for the prediction of tumor response 

to chemotherapy, the development of individually adapted 

multimodality treatments, and the improvement of clinical 

outcome of patients.

CD99 is a 32 kDa, transmembrane protein encoded by 

the MIC2 gene, located on the pseudoautosomal region at 

the tips of the short arms of the X and Y chromosomes.6 

As a sialomucin-type glycoprotein, CD99 is ubiquitously 

expressed, albeit to varying degrees, by different cell types. 

Functionally, it is implicated in various cellular events such 

as cell adhesion and migration, apoptosis, cell differentiation, 

and regulation of protein trafficking.7 Biologically, CD99 

protein is expressed in a wide variety of normal tissues, 

particularly in the mature plasma cells of reactive lymph 

nodes, cortical thymocytes, pancreatic islet cells, granulosa 

cells of the ovaries, and Sertoli cells of the testes.8 In addi-

tion, the reduced expression of CD99 has been observed 

and has been suggested to act as a tumor suppressor of 

various kinds of malignancies, such as Ewing’s sarcoma/

primitive neuroectodermal tumors, pancreatic endocrine 

tumors, anaplastic large cell lymphoma, lymphoblastic 

lymphoma/leukemia, transitional cell carcinoma of urinary 

bladder, gastric adenocarcinoma, rhabdomyosarcoma, breast 

cancer, ovarian cancer, and pleomorphic carcinomas of the 

lung.9–12 In particular, CD99 functions as an antioncogenic 

factor in osteosarcoma. Manara et al13 in 2006 found that 

the forced expression of CD99 in two osteosarcoma cell 

lines significantly reduced resistance to anoikis, inhibited 

growth in anchorage independence as well as cell migration, 

and led to abrogation of tumorigenic and metastatic ability. 

Mayordomo et al14 in 2010 showed the expression of CD99 in 

osteosarcoma by immunohistochemistry. In 2013, Zucchini 

et al15 indicated that CD99 could suppress osteosarcoma cell 

migration through inhibition of Rho-associated, coiled-coil-

containing protein kinase 2 activity. However, the clinical 

and pathological relevance of CD99 in osteosarcoma has 

been rarely studied.

Immune surveillance plays a crucial role in curbing the 

process of tumorigenesis, which depends on the genetic 

instability of tumors and interactions with their immunological 

environment. Human leukocyte antigens (HLA) are involved in 

mounting immune responses against tumor antigens by recruit-

ing cytotoxic T lymphocytes, which leads to tumor evasion and 

destruction.16 HLA class II (HLA-II), in particular, is impli-

cated in antigen presentation to the immune system.17 Consid-

ering its key functions, it has been already demonstrated that an 

allele at HLA-II locus as well as regulated HLA-II expression 

are important for the control of the immune response and are 

associated to diseases. Recent studies have demonstrated that 

the alterations of HLA-II play key roles in the development 

and metastatic progression of various human cancers, includ-

ing breast cancer, malignant melanoma, colorectal, and gastric 

cancer.18–20 Moreover, Baccar et al21 and Yoon et al22 indicated 

that CD99 may be involved in the intracellular transport of 

surface molecules, such as the T cell receptor complex and 

HLA-II proteins. Considering the interaction between CD99 

and HLA-II proteins and the involvement of CD99 in osteo-

sarcoma, we propose the hypothesis that HLA-II might also 

play a role in tumor progression of osteosarcoma. In the pres-

ent work, our aim is to clarify the clinical value of CD99 and 

HLA-II expression in primary osteosarcoma.

Materials and methods
Patients and tissue samples
This study was approved by the Research Ethics Committee 

of Huai’an Hospital Affiliated to Xuzhou Medical College, 

People’s Republic of China (No HA20130068). Written 

informed consent was obtained from all of the patients. All 

specimens were handled and made anonymous according to 

the ethical and legal standards.

One hundred and thirty tumor tissues and self-paired 

noncancerous bone tissues from 130 osteosarcoma 

patients were retrospectively selected from the surgical 

pathology records of the Huai’an Hospital Affiliated to 

Xuzhou Medical College from 2000 to 2008. Patients 

underwent X-ray imaging, computed tomography (CT), 

magnetic resonance imaging, and bone scintigraphy for the 

diagnosis. Specimens of all the tumors were obtained from 

surgery and confirmed pathologically. All of the tissues 

analyzed were obtained after treatment with neoadjuvant 

chemotherapy, and all patients received the uniform pre-

operative, multiagent chemotherapy following the initial 

biopsy. The cytotoxic drugs used as preoperative chemo-

therapy were cis-diamminedichloroplatinum, adriamycin, 

vincristine, ifosfamide, and high-dose methotrexate. 
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Resected specimens were analyzed histologically for 

response to chemotherapy according to the pathological 

reports released previously, and corresponding clinical 

information was obtained from medical records.23 The 

clinical and pathologic parameters were obtained from the 

pathological reports and are presented in Table 1.

Follow-up was performed for all 130 patients from 

3–102 months (median, 48 months) and ended June 30, 

2013. During this period, patients were monitored with CT 

performed every 3 months during the first 3 years after che-

motherapy, every 4 months during years 4 and 5, and every 

6 months thereafter. The development of local recurrence 

and distant metastases was detected by CT scans or magnetic 

resonance imaging. All cases were independently reviewed 

by two pathologists, and discrepancies resolved by consensus 

review. Of 130 patients with osteosarcomas, 88 (67.69%) 

patients were alive and 42 (32.31%) patients had died of 

the disease. Overall survival time was calculated from the 

date of the initial surgical operation to death. Disease-free 

survival was calculated from the date of the initial surgical 

operation to the date of a second cancer, tumor recurrence, 

distant metastases, or death from any cause.

Immunohistochemical analysis
CD99 and HLA-II expression was detected by immunohis-

tochemistry assay. Utilizing the avidin-biotin-peroxidase 

complex method, formalin-fixed, paraffin-embedded, 3 µm 

thick tissue sections were processed by brief proteolytic diges-

tion and peroxidase blocking. Sections were then incubated 

with primary antibodies against CD99 (monoclonal mouse 

anti-human CD99, 12E7, dakocytomation M3601; dilution of 

1:50) and HLA-II (monoclonal mouse anti-human HLA-II, 

dakocytomation M0775; dilution of 1:50) (DakoCytomation, 

Glostrup, Denmark) overnight at 4°C. After washing the sec-

tions, peroxidase-labeled polymer and substrate–chromogen 

(Enzo Life Sciences, Inc., Farmingdale, NY, USA) solutions 

were applied to visualize stained proteins of interest. CD99 

and HLA-II overexpression, confirmed by western blot, was 

used as positive controls, and negative controls were carried 

out by omitting the primary antibodies.

Table 1 Associations of CD99 and HLA-II expressions with the clinicopathological features of primary osteosarcoma

Clinicopathological  
features

Number  
of cases (%)

CD99 HLA-II

High (%) Low (%) P High (%) Low (%) P

Age (years)
  ,20 58 (44.62) 19 (32.76) 39 (67.24) NS 50 (82.21) 8 (17.79) NS

  $20 72 (55.38) 30 (41.67) 42 (58.33) 67 (93.06) 5 (6.84)
Sex
  Male 92 (70.77) 36 (39.13) 56 (60.87) NS 77 (83.70) 15 (16.30) NS
  Female 38 (29.23) 13 (34.21) 25 (65.79) 30 (73.33) 8 (26.67)
Tumor size
  #5 cm 60 (46.15) 22 (36.67) 38 (63.33) NS 51 (85.00) 9 (15.00) NS

  .5 cm 70 (53.85) 27 (38.57) 43 (61.43) 56 (80.00) 14 (20.00)
Tumor location
  Femur 60 (46.15) 18 (30.00) 42 (70.00) NS 44 (73.33) 16 (26.67) NS
  Tibia 40 (30.77) 14 (35.00) 26 (65.00) 36 (90.00) 4 (10.00)
 H umerus 24 (18.45) 14 (58.33) 10 (41.67) 24 (100.00) 0 (0)
  Fibula 6 (4.62) 3 (50.00) 3 (50.00) 3 (50.00) 3 (50.00)
Metastasis
 N o 73 (56.15) 40 (54.79) 33 (45.21) 0.009 53 (72.60) 20 (27.40) 0.012
  Yes 57 (43.85) 9 (15.79) 48 (84.21) 54 (94.74) 3 (5.26)
Recurrence
 N o 76 (58.46) 44 (57.89) 32 (42.11) 0.009 55 (72.37) 21 (27.63) 0.010
  Yes 54 (41.54) 5 (9.26) 49 (80.74) 52 (96.30) 2 (3.70)
Histological subtype
  Osteoblastic 70 (53.85) 22 (31.43) 48 (68.57) NS 60 (85.71) 10 (14.29) NS
 C hondroblastic 28 (21.54) 14 (50.00) 14 (50.00) 20 (71.43) 8 (28.57)
  Fibroblastic 21 (16.15) 9 (42.86) 12 (57.14) 18 (85.71) 3 (14.29)
  Mixed type 6 (4.62) 2 (33.33) 4 (66.67) 5 (83.33) 1 (16.67)
 S mall type 5 (3.85) 2 (40.00) 3 (60.00) 4 (80.00) 1 (20.00)
Response to chemotherapy
 G ood 75 (53.85) 34 (46.67) 41 (53.33) 0.016 66 (88.00) 9 (12.00) 0.022
  Poor 55 (46.15) 15 (27.27) 40 (72.73) 41 (74.54) 14 (15.46)

Abbreviations: HLA-II, human leukocyte antigen class II; NS, no statistically significant difference.
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Two experienced pathologists, who were blinded to the 

clinicopathological parameters and clinical outcomes of the 

patients, independently scored the immunostaining accord-

ing to the evaluation methods of previous studies.24–26 The 

scores were compared, and sections yielding discrepant 

scores were subjected to reexamination by both pathologists 

working together to achieve a consensus score. The number 

of positive-staining cells showing immunoreactivity on the 

cytoplasm (for CD99) and membrane/cytoplasm (for HLA-II) 

in ten representative microscopic fields were counted, and 

the percentage of positive cells were calculated. The percent-

age scoring of immunoreactive tumor cells was as follows: 

0 (0%), 1 (1%–10%), 2 (11%–50%), and 3 (.50%). The 

staining intensity was visually scored and stratified as fol-

lows: 0 (negative), 1 (weak), 2 (moderate), and 3 (strong). 

An immunoreactive score (IRS) was obtained for each 

case by multiplying the percentage and the intensity score. 

Therefore, tumors with a product score exceeding 3 (median 

of total scores for CD99) and 5 (median of total scores for 

HLA-II) were respectively deemed to be high expressions 

of CD99 and HLA-II; all other scores were considered to 

be low expressions.

Statistical analyses
The software of SPSS version 13.0 for Windows (IBM 

Corporation, Armonk, NY, USA) was used. Statistical 

analyses were performed using Fisher’s exact test for any 

2 × 2 tables, Pearson chi-square test for tables not 2 × 2, chi-

square trend test for ordinal datum, and Kaplan–Meier and 

Cox regression methods for the question of survival analysis. 

Spearman rank correlation was used to analyze the correlation 

between the expression of CD99 and HLA-II. Differences 

were considered statistically significant when P0.05.

Results
CD99 downregulation  
and HLA-II upregulation  
in human osteosarcoma tissues
Expression patterns and subcellular localizations of CD99 

and HLA-II proteins in 130 patients with osteosarcomas 

were examined immunohistochemically. Staining results are 

shown in Figure 1. CD99 protein was moderately or weakly 

expressed in the cytoplasm and cell membrane of tumor cells 

in osteosarcoma tissue (Figure 1A), whereas HLA-II immu-

nostaining was intense and predominantly located in the cyto-

plasm and cell membrane of osteosarcoma tissue (Figure 1B). 

In addition, compared with noncancerous bone tissues, the 

expression levels of CD99 (IRS for tumor versus normal: 

2.96±0.09 versus 5.89±1.26, P,0.001) and HLA-II (IRS for 

tumor versus normal: 5.01±1.39 versus 1.92±0.06, P,0.001) 

proteins were respectively downregulated and upregulated in 

osteosarcoma tissues. Moreover, CD99 and HLA-II expres-

sion were highly expressed in 49/130 (37.69%) and 107/130 

(82.31%) of osteosarcoma tissues, respectively. There was a 

negative correlation between CD99 and HLA-II expression 

in osteosarcoma tissues (r=−0.69, P=0.01).

Association of the CD99 and HLA-II 
expressions with the clinicopathological 
characteristics of human osteosarcoma
The association of CD99 and HLA-II expression with the 

clinicopathological features of osteosarcoma patients is shown 

in Table 1. The analysis revealed that the patients with down-

regulation of CD99 and upregulation of HLA-II more frequently 

showed the positive status of metastasis (P=0.009 and P=0.012, 

respectively), recurrence (P=0.009 and P=0.010, respectively), 

and poor response to chemotherapy (P=0.016 and P=0.022, 

respectively). There was no significant association with age, sex, 

tumor size, tumor location, or histological subtype (Table 1).

Prognostic implications of CD99  
and HLA-II expression in osteosarcoma
The prognostic value of CD99 and HLA-II expression in 

human osteosarcoma was further investigated by Kaplan–

Meier analysis and the log-rank test. As shown in Figure 2, 

osteosarcoma tissues with low CD99 expression and high 

HLA-II expression were correlated with both shorter overall 

survival (P,0.001) (Figure 2A and C) and shorter disease-

free survival (P,0.001) (Figure 2B and D). According to the 

conjoined expressions of CD99/HLA-II, the subjects were 

categorized into four groups: CD99-low/HLA-II-low (n=4), 

Figure 1 Immunohistochemical expression for CD99 and HLA-II in primary 
osteosarcoma tissues (×400).
Notes: CD99 was weakly expressed in the cytoplasm and cell membrane of 
osteosarcoma cells (A). HLA-II was strongly expressed in the cytoplasm and cell 
membrane of osteosarcoma cells (B). The red arrows indicate the positive area in 
the osteosarcoma tissues.
Abbreviation: HLA-II, human leukocyte antigen class II.
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CD99-low/HLA-II-high (n=77), CD99-high/HLA-II-low 

(n=19), and CD99-high/HLA-II-high (n=30). The association 

between coexpression of CD99/HLA-II and the survival rates 

were also tested by the method of Kaplan–Meier. The results 

by pairwise comparisons showed that a statistically signifi-

cant difference of survival rates existed between CD99-low/

HLA-II-high cases and any of the other three groups 

(P,0.001) (Figure 2E and F). Of all four groups, CD99-low/

HLA-II-high subjects had the poorest prognosis.

In addition, univariate analysis showed that the positive 

recurrence and metastasis, the low expression of CD99, the 

high expression of HLA-II protein, the combined CD99-low/
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Figure 2 Kaplan–Meier survival curves of patients with primary osteosarcoma according to the expressions of CD99 (A and B) and HLA-II (C and D), and the coexpression 
of CD99/HLA-II (E and F).
Notes: The osteosarcoma patients with low CD99 expression and high HLA-II expression were correlated with both shorter overall survival (both P,0.001) and shorter 
disease-free survival (both P,0.001). According to the conjoined expressions of CD99/HLA-II, the subjects were categorized into four groups: CD99-low/HLA-II-low (n=4), 
CD99-low/HLA-II-high (n=77), CD99-high/HLA-II-low (n=19), and CD99-high/HLA-II-high (n=30). The association between coexpression of CD99/HLA-II and the survival 
rates were also tested by the method of Kaplan–Meier. The results by pairwise comparisons showed that a statistically significant difference of survival rates existed between 
CD99-low/HLA-II-high cases and any of other three groups (P,0.001). In all four groups, CD99-low/HLA-II-high subjects had the poorest prognosis.
Abbreviation: HLA-II, human leukocyte antigen class II.
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Table 2 Univariate analysis of prognostic parameters in patients 
with osteosarcomas by Cox regression analysis

Variables Overall survival Disease-free 
survival

P-value Relative  
risk

P-value Relative 
risk

Age at diagnosis (years)
  ,20 versus $20 0.125 0.691 0.118 0.651
Sex
  Male versus female 0.112 0.916 0.110 0.846
Tumor size (cm)
  ,5.0 versus $5.0 0.312 0.568 0.310 0.521
Tumor location
 � Femur versus tibia  

and other
0.200 0.899 0.213 0.887

Histological subtype
 � Osteoblastic versus  

other
0.116 0.925 0.119 0.921

Recurrence
 N o versus yes 0.006 4.732 0.01 4.098
Metastasis
 N o versus yes ,0.001 8.279 ,0.001 8.132
Response to chemotherapy
 G ood versus poor ,0.001 8.026 ,0.001 7.969
CD99 expression
 L ow versus high ,0.001 7.408 ,0.001 7.064
HLA-II expression
 L ow versus high ,0.001 7.036 ,0.001 7.028
CD99/HLA-II expression
 �C D99-low/HLA-II- 

high versus others
,0.001 8.482 ,0.001 8.359

Abbreviation: HLA-II, human leukocyte antigen class II.

HLA-II-high expression, and the poor response to chemo-

therapy were all significantly correlated with poor overall sur-

vival (P=0.006, P,0.001, P,0.001, P,0.001, and P,0.001, 

respectively) (Table 2) and disease-free survival (P=0.01, 

P,0.001, P,0.001, P,0.001, and P,0.001, respectively) 

(Table 2) of osteosarcoma patients.

Furthermore, multivariate analysis as shown in Table 3 

demonstrated that the positive recurrence (both P=0.022) 

and metastasis (P=0.009 and P=0.013, respectively), the 

low expression of CD99 (both P=0.010), the high expres-

sion of HLA-II protein (P=0.008 and P=0.012, respectively), 

the combined CD99-low/HLA-II-high expression (both 

P=0.002) and the poor response to chemotherapy (P=0.011 

and P=0.016, respectively) were all independent prognostic 

factors for overall survival and disease-free survival.

Discussion
The prognosis of osteosarcoma patients with distant metas-

tasis and local recurrence is still poor, even with extensive 

chemotherapy. Although there are a large number of prognostic 

factors for patients with osteosarcoma, including age, sex, trun-

cal location, metastatic lesions at initial diagnosis, response to 

chemotherapy, tumor size, alkaline phosphatase, recurrence, 

and P-glycoprotein levels, the accuracy of these factors is not 

satisfactory. Thus, it is a great challenge to clinicians and basic 

scientists to identify the molecular markers associated with the 

progression and prognosis of osteosarcoma. The data presented 

in this study show evidence of downregulation of CD99 and 

upregulation of HLA-II in osteosarcoma tissues, which may 

promote tumor aggravation and predict poor prognosis in 

patients with osteosarcomas. To the best of our knowledge, this 

is the first investigation of the clinical significance of CD99 

and HLA-II in human osteosarcoma.

CD99 is expressed in most human tissues, and its expression 

has been observed in a wide variety of neoplasms including 

breast cancer, gastric cancer, lung cancer, Ewing’s sarcoma/

primitive neuroectodermal tumor, osteosarcoma, and pancreatic 

neuroendocrine carcinoma.9–12 The membranous and cytoplas-

mic staining patterns have been interpreted as significantly 

positive expression of CD99.27 Interestingly, the expression 

levels are increased or decreased in various human cancers, sug-

gesting it may have a tumor type-dependent expression pattern. 

For example, CD99 expression was significantly upregulated in 

breast cancer tissues as compared to nonmalignant breast tissue;9 

the invasive squamous cell carcinoma showed significantly 

increased expression of CD99 when compared with normal 

cervix tissues;10 and the upregulation of CD99 was observed in 

pleomorphic carcinoma of the lung.11 In contrast, the positive 

rate of CD99 protein expression in transitional cell carcinoma of 

urinary bladder tissues was lower than in normal urinary bladder 

epithelia;12 CD99 expression was downregulated in pancreatic 

endocrine tumor and loss of CD99 expression was related to 

markers of worse prognosis for this tumor, including gross 

local invasion, metastasis to the lymph nodes or other organs, 

and lymphatic or blood vessel invasion.28 In the current study, 

several pieces of evidence suggest that CD99 might function 

as a candidate suppressor for osteosarcoma, which was in line 

with the findings of Manara et al13 and Zucchini et al.15 First, 

the downregulation of CD99 expression is frequently observed 

in the majority of osteosarcomas compared with noncancerous 

tissues. Second, the low CD99 expression is significantly asso-

ciated with malignant tumor features. Immunohistochemical 

analysis of CD99 protein expression in osteosarcoma indicated 

that CD99 expression loss is closely correlated with the positive 

status of recurrence and metastasis and poor response of chemo-

therapy. Both the univariate and multivariate survival analyses 

showed that the overall survival and disease-free survival 

of the patients with low CD99 expression were shorter than 
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Table 3 Multivariate analysis of prognostic parameters in patients with osteosarcomas by Cox regression analysis

Prognostic factors Overall survival Disease-free survival

Relative risk (95% CI) P-value Relative risk (95% CI) P-value

Recurrence 2.167 (0.980–4.561) 0.022 2.020 (0.972–4.416) 0.022
Metastasis 5.020 (1.051–11.109) 0.009 5.006 (1.109–11.088) 0.013
Response to chemotherapy 3.252 (0.932–7.867) 0.010 3.158 (0.973–7.567) 0.010
CD99 expression 5.019 (1.202–11.229) 0.008 5.108 (1.200–11.862) 0.012
HLA-II expression 3.128 (1.001–6.929) 0.011 3.012 (1.001–6.042) 0.016
CD99/HLA-II expression 6.862 (1.391–14.882) 0.002 6.833 (1.322–14.689) 0.002

Abbreviations: CI, confidence interval; HLA-II, human leukocyte antigen class II.

those with high expression. Lee et al29 have reported that the 

observed downregulation of CD99 expression in gastric adeno-

carcinoma cases may be due to CD99 promoter methylation 

and downregulation of the transcription factor sp1. However, 

the possible mechanism for the aberrant expression of CD99  

acting on human osteosarcoma is still unclear and merits further 

investigation.

Since T cells fail to recognize nonself antigens in the absence 

of HLA peptide complex, the HLA-II protein appears integral 

to the antigen presentation process, a crucial step in eliciting an 

efficient immune response.17 Accumulating studies have indi-

cated that the alterations of HLA-II protein may be relevant to 

the development of various human malignancies. For example, 

Chaudhuri et al18 found that the genetic variants in HLA-II alleles 

might represent resistance factors toward breast cancer. Younger 

et al19 suggested that malignant prostate cancer may be targeted 

via the HLA-II pathway, and that class II-positive tumors could 

be employed for direct antigen presentation. Kübler et al20 also 

observed the genetic alterations of HLA-II in ovarian cancer, 

and Chuang et al30 indicated that HLA-II genotypes may play 

important roles in determining high viral load and persistent 

infection of human papilloma virus-18 and subsequent cervi-

cal neoplasia risk. In the present study, we found that HLA-II 

was overexpressed in the osteosarcoma tissues compared to 

noncancerous bone tissues, and higher HLA-II expression was 

significantly associated with the positive status of recurrence and 

metastasis, the poor response of chemotherapy, and shorter over-

all and disease-free survival. In contrast, Baccar et al21 reported 

better outcomes in breast cancer when HLA-II expression was 

increased, suggesting that the different roles of HLA-II depend 

on various tumor types. However, the possible mechanism for the 

aberrant expression of HLA-II acting on human osteosarcoma 

remains unclear and warrants further investigation.

Interestingly, we determined that, among four different states 

of CD99/HLA-II coexpression, the osteosarcoma patients with 

CD99-high/HLA-II-low expression had the best outcome, while 

those with CD99-low/HLA-II-high had the worst. Multivariate 

analysis revealed that CD99-low/HLA-II-high coexpression 

may be an independent prognostic indicator for osteosarcoma. 

Our results show the advantages of CD99/HLA-II coexpression 

over individual CD99 or HLA-II in predicting the outcome of 

osteosarcoma. However, the effect of chemotherapy on these 

markers is unknown since paired samples obtained at pretreat-

ment and posttreatment were not available.

In conclusion, these findings suggest that CD99 downregu-

lation or HLA-II upregulation may be an important feature 

of human osteosarcoma. The combined detection of CD99/

HLA-II coexpression may be of benefit in predicting prognosis 

in osteosarcoma patients. Our data also suggest a relationship 

between CD99/HLA-II coexpression and prognosis in patients 

with osteosarcoma. However, there is a limitation in the current 

study. The most favorable group (CD99-low/HLA-II-high) 

only comprises less than 15% of patients, which may preclude 

significance. The findings in this study suggest the importance 

of further prospective analysis of a large cohort.
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